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Method used to arrive at a recommendation
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Introduction
Care for patients after kidney transplantation is aimed at preserving the allograft function with appropriate immunosuppression while preventing infection, cancer and cardiovascular and other complications. This care is increasing delivered by a multidisciplinary team. The team require specialist knowledge due to the unique needs of the kidney transplant recipient with their elevated risk of infection, cardiovascular disease, cancer, drug interactions, bone disease, haematological and reproductive complications.  
This guidance is for all healthcare professionals including transplant physicians, transplant surgeons, specialist nurses, pharmacists, dietitians, physiotherapists, hospital internists and community practitioners. Patients, healthcare managers and policy makers will also find it beneficial.  
The aim of the guidance is to provide evidence-based guidance on optimal maintenance immunosuppression, treatment of rejection, prevention and treatment of cardiovascular disease, infection, malignancy, bone disease, blood disease and reproductive issues. The evidence was assessed modified GRADE system by a team including adult and paediatric transplant physicians, surgeons, pharmacists, nurses, dietitians, physiotherapists and patients.  
The guidance is designed primarily for the National Health Service but may be applicable globally, providing excellent care, while reducing inequalities in care, utilising the available resources and evidence in the best possible way.
[bookmark: _Toc213749011]Summary of Clinical Practice Guideline Recommendations
[bookmark: _Toc213749012]1. Kidney Transplant Recipient (KTR): Organisation of Outpatient Follow-up (Guidelines 1.1-1.4)
Guideline 1.1 – KTR: Clinic infrastructure  
We suggest that the following infrastructure should be in place for KTR follow-up (2D):
· A healthcare professional with appropriate knowledge and experience should be available for every transplant clinic. 
· KTRs should be reviewed in a dedicated outpatient area.
· The results of blood tests (including drug levels, if possible) should be available for review by healthcare professionals within 24 hours of a clinical appointment.
· There should be access to a multidisciplinary renal team, including a pharmacist, dietitian, social worker and psychologist.

Guideline 1.2 – KTR: Clinic frequency  
We suggest that uncomplicated patients, in general, may be reviewed progressively less frequently in the clinic (2C) 
· 1-2 times weekly for the first month after transplantation
· 1 time weekly for months 2-3
· Once a month for months 4-12
· 3-6 monthly thereafter
Guideline 1.3 – KTR: Patient Access  
We suggest that all patients should have access to support services and results. (2C)
· All patients should have access to the renal transplant outpatient service and an established point of contact for enquiries.
· Patient information should be available in both written and electronic formats.

Guideline 1.4 – KTR: Chronic transplant care review  
· We suggest that a detailed review should be performed annually post-operatively in a patient-centred clinic following “Care plan model” facilitated by healthcare professionals addressing medical, social, psychological, nutritional and sexual concerns. (2C)
· In non-diabetics continue to monitor Hb1Ac and FBG every 12 months. (2C)
· There should be a protocol for recognising malnutrition risk and clinically significant increases or decreases in body weight and providing individualised intervention to reduce the risk of malnutrition or obesity. (2C)
[bookmark: _Toc213749013]2. Kidney Transplant Recipient (KTR): Immunosuppression and non-adherence to medicines (Guidelines 2.1-2.6)
Guideline 2.1 – KTR: Recognising non-adherence
We suggest that it is important to detect and prevent medical non-adherence in kidney transplant recipients. (2C)
· Factors associated with non-adherence should be identified. 
· An individualised interventional pathway should be in place for those at high risk of or with proven non-adherence.
· Pathways should be in place for paediatric KTRs in transition and for adolescent KTRs.
Guideline 2.2 – KTR: immunosuppression regimen 
We recommend that the patient and/or carer should be engaged in the decisions around selection of induction agent and maintenance immunosuppression (1D) 
Guideline 2.3 – KTR: Induction Immunosuppression 
Guideline 2.3.1
We recommend induction therapy should take into account the following: 
· Immunosuppressive drugs should be started before or at the time of renal transplantation (1B) 
· Induction therapy with biological agents should be administered to all KTRs (1B). This will generally involve an interleukin-2 receptor antagonist (IL2-RA) as a first choice in patients at low immunological risk. Recipients at higher immunological risk may be considered for T-cell (lymphocyte) Depleting Antibodies (TDAs; e.g. antilymphocyte preparations [anti-thymocyte globulin (ATG) or alemtuzumab]) 
· Induction therapy with TDAs may also be useful for lower immunological risk patients with the intention of either steroid or CNI avoidance (1C)   
Guideline 2.3.2
We suggest that a CNI should be started at the time of transplantation and not delayed until the graft is functioning (2C) 
Guideline 2.4 – KTR: Maintenance immunosuppression
Guideline 2.4.1 
We recommend that maintenance immunosuppression should normally consist of a calcineurin inhibitor (CNI) and an anti-proliferative agent, with or without corticosteroids in low and medium immunological risk KTRs (1B)
Guideline 2.4.2
We suggest tacrolimus should be the CNI of choice with levels tailored to patient factors such as previous transplants and rejection and transplant match (2C).
Guideline 2.4.3
We suggest that mycophenolic acid-based (MPA) drugs should be the first-line anti-proliferative agent in preference to azathioprine, except in fertile KTRs who are unwilling to use reliable contraception (2B)
Guideline 2.4.4
We suggest that modified release tacrolimus may be trialled as an option as second line agents for patients who suffer intolerable side effects related to peak dose toxicity (2C)
Guideline 2.4.5
We suggest that KTRs who are unable to tolerate tacrolimus or who suffer serious adverse reactions related to its use be considered for the use of alternative agents such as ciclosporin, sirolimus, everolimus, or belatacept (1B).
Guideline 2.4.6
We suggest aiming for minimum target levels for CNIs in uncomplicated renal transplantation after 3 to 6 months (2C) 
Guideline 2.4.7
We suggest that CNIs should not be withdrawn (2B)
Guideline 2.4.8
We suggest that if steroids are not withdrawn during the initiation phase, then they may be continued at low dose (prednisolone 5 mg per day or less) after taking patient factors and wishes into consideration (2C)
Guideline 2.5 – KTR: Monitoring of immunosuppression
We suggest that long-term monitoring of immunosuppression levels is required as follows: 
· Tacrolimus and ciclosporin levels should be monitored at every clinic post-transplant, as well as when any medications with possible interactions are prescribed, after a dose change or when there is unexplained graft dysfunction (2C) 
· Tacrolimus, ciclosporin and sirolimus should be monitored by the C0 trough level (2C)
· Tacrolimus, ciclosporin and sirolimus levels should ideally be available within 24 hours of taking blood samples (2D) 
· The utility of monitoring mycophenolic acid (MPA) C0 levels is uncertain (2D)   
· Patients should have access to their immunosuppressant levels (2D)
Guideline 2.6 – KTR: Prescribing and the use of Generic agents 
Guideline 2.6.1
We suggest that generic immunosuppression compounds should not be used unless they have been shown to be bioequivalent and approved by the European Agency for the Evaluation of Medicinal Products (2D) 
Guideline 2.6.2
 We suggest that KTRs should be made aware of the existence of generics and the dangers of indiscriminate usage (2D) 
Guideline 2.6.3
We suggest that immunosuppressants should be prescribed by brand name or branded generic if different formulations are available (2D) 
Guideline 2.6.4
We suggest that KTRs should be monitored closely after switching to a generic preparation until a new steady state is established (2D) 
[bookmark: _Toc213749014]3. Kidney Transplant Recipient (KTR): Acute rejection, diagnosis and treatment (Guidelines 3.1-3.2.9)
Guideline 3.1 – KTR: Diagnosis of acute rejection
Guideline 3.1.1
We recommend that a transplant renal biopsy should be carried out before treating an acute rejection episode unless this will substantially delay treatment or pose a significant risk to the patient. (1C)
Guideline 3.1.2
We suggest that two cores of renal tissue should be obtained if possible since this will increase the sensitivity of the investigation. (2C)
Guideline 3.1.3
We recommend that a 16 gauge automated core biopsy needle is used where possible to provide the best compromise between diagnostic usefulness and patient tolerance of the procedure. (1C)
Guideline 3.1.4
We recommend that a protocol transplant renal biopsy, defined as a biopsy performed in a stable graft without clinical evidence of acute rejection (proteinuria, rising creatinine), be considered in the setting of persisting delayed graft function (DGF). (1C)
Guideline 3.1.5
We recommend transplant biopsies are reported according to Banff criteria and that routine C4d and SV40 staining should be performed on transplant biopsy samples. (1C)
Guideline 3.1.6
We suggest that a serum sample be sent at the time of transplant biopsy (for graft dysfunction) to look for donor specific HLA antibodies (DSA) (2C).
Guideline 3.2 – KTR: Treatment of acute rejection
Guideline 3.2.1
We suggest that borderline acute cellular rejection should be treated in the context of acute graft dysfunction (2D)
Guideline 3.2.2
We recommend that maintenance steroids should be added or restarted in steroid-free patients undergoing acute rejection of any type (1D)
Guideline 3.2.3
We recommend that high dose intravenous corticosteroids should be the first line treatment for acute cellular rejection (1C) 
Guideline 3.2.4
We recommend that T-cell depleting agents are considered for refractory acute cellular rejection or aggressive vascular cellular rejection (i.e. Banff category 4 Type II and III)  (1B)
Guideline 3.2.5
We suggest that acute antibody mediated rejection (aAMR) should be treated with one or more of the following modalities: steroids; plasma exchange; intravenous immunoglobulin; lymphocyte depleting antibody (2B) 
Guideline 3.2.6
We recommend that the BTS guidelines on antibody incompatible transplantation should be followed for management of rejection in the context of antibody incompatible transplantation (1A-D)
Guideline 3.2.7
We recommend after an episode of rejection (unless associated with low CNI levels) that azathioprine should be switched to MPA-based immunosuppression, MPA should be started or the existing dose of MPA maximised and ciclosporin and sirolimus should be switched to tacrolimus (1C)
Guideline 3.2.8
We recommend that patients with acute AMR receive (or are switched to) baseline immunosuppression including tacrolimus, mycophenolate mofetil and corticosteroids, and are treated with high dose steroids (1C)
Guideline 3.2.9
We recommend patients with acute AMR in the presence of a detectable DSA receive extracorporeal antibody removal with five cycles of treatment or until the DSA is no longer detectable (1C) 
[bookmark: _Toc213749015]4. Kidney Transplant Recipient (KTR): Chronic Allograft Injury (Guidelines 4.1 – 4.4)
Guideline 4.1 – Definition of Chronic Allograft Injury
· Chronic allograft injury (CAI) is defined as a slowly progressive decline in graft function beyond the first year of transplantation, ultimately resulting in graft failure. It is thought to be a multifactorial process mediated via persistent alloimmune injury, recurrent/de-novo glomerular disease, infections, calcineurin (CNI) toxicity, and other recipient/donor-related factors. (1B)

Guideline 4.2 – Detection of CAI
· We recommend early identification of graft injury is desirable to identify reversible causes early and maximise the potential for intervention. (1A)
· We suggest that renal function should be monitored at each clinic visit by assessment of serum creatinine and qualitative evaluation of urine protein excretion by dipstick, supplemented by urinary protein:creatinine ratio (uPCR) or albumin:creatinine ratio (uACR) if positive (2C)
Guideline 4.3 – Investigation of CAI
· We recommend that worsening renal function and proteinuria should be investigated by a biopsy to distinguish between the underlying aetiology and identify potentially reversible causes. (1C)
· We suggest that serum samples should be sent for HLA antibody screening and BK PCR at the same time as a kidney biopsy. (1B)
· We suggest that kidney biopsies be reported using current Banff criteria and transplant kidney biopsies should be stained for C4d and SV40. (2C)
· We suggest analysing historical and current CNI trough levels to identify possible CNI toxicity and possible non-adherence. (2B)
· There is insufficient evidence to recommend magnetic resonance imaging to establish the degree of interstitial fibrosis as part of the investigations of chronic allograft nephropathy.
Guideline 4.4 – Management of CAI
Guideline 4.4.1 - Chronic antibody-mediated rejection
· Chronic antibody-mediated rejection (cABMR) is the commonest cause of graft loss amongst transplant recipients. There is currently no evidence to make specific recommendations for the treatment of cABMR, including IVIG and PLEX with or without rituximab. (2C)
· We suggest that patients receive intensification of their maintenance immunosuppression where possible, and treatment non-adherence should be addressed. (1C)
· We suggest that recurrence of primary glomerulonephritis should be managed in line with international guidelines published by other reputable bodies. (Not graded)
· We suggest that in patients with cABMR, supportive care should be provided to optimise blood pressure, blood glucose and lipid control, as per Chapter 5 in this guideline. (Not graded)
Guideline 4.4.2 - CNI Toxicity 
· We suggest that in patients with evidence of CNI toxicity on a biopsy, particularly if there is no evidence of alloimmune injury, a reduction in CNI dose should be considered. (2C)
· We suggest that in patients with evidence of CNI toxicity on a biopsy, conversion to belatacept may be considered. (1B)
Guideline 4.4.3 - BK Nephropathy 
· We recommend that patients with evidence of BK nephropathy should initially be managed with a reduction in immunosuppression, as is discussed in Section 8.6 of this guideline. (1D)
· Increased surveillance should be undertaken to detect worsening kidney dysfunction or the occurrence of de novo DSAs after a reduction in immunosuppression. (2B)
[bookmark: _Toc213749016]5. Kidney Transplant Recipient (KTR): Cardiovascular disease preventive management of hypertension, diabetes, cholesterol, lifestyle, and exercise
Guideline 5.1– Hypertension
· We recommend that blood pressure should be recorded at each clinic visit using a standardised office measurement (1C)
· We suggest that ambulatory blood pressure monitoring (ABPM) can be used to assist in the diagnosis or management of hypertension (2C)
· We suggest a target clinic blood pressure of less than 130/80mmHg (2C)
· We suggest that home blood pressure readings can be used to aid management of hypertension (2D)
· We suggest that a dihydropyridine calcium channel blocker may be preferably used as a first-line antihypertensive agent, esp. during the first 3 months post-transplant (2C)
· We suggest inhibitors of the renin-angiotensin system should be used with caution within the first 3 months post-transplant (2C)
· We suggest that priority should be given to attaining optimal BP control in a patient-tailored approach (2C)
· We suggest that in the presence of resistant hypertension, non-adherence, renal artery stenosis, and other causes of secondary hypertension should be considered (2D)
Guideline 5.2 – Dyslipidaemia
· We suggest that lipid levels are measured in fasting or non-fasting serum samples at baseline, no earlier than 3 months post-transplant (2C)
· We suggest that fasting or non-fasting lipid levels be measured annually in all renal transplant recipients. (2C)
· We suggest that kidney transplant recipients with dyslipidaemia are treated with statins unless there is intolerance (2C)
· We suggest that therapeutic targets of LDL-cholesterol are defined as per high/very high cardiovascular risk patient categories:
aim LDL-C <2.6 mmol/l as an initial step, aim LDL-C<1.8 mmol/l for intensified prevention, taking into account other parameters such as history of cardiovascular disease and frailty (2C)
· We suggest that if targets are not met or there is intolerance to statins, referral to a specialist centre is suggested (2D)
Guideline 5.3 – Diabetes Mellitus
· We recommend that transplant recipients are regularly monitored for hyperglycaemia with fasting plasma glucose at each clinic visit, and yearly HBA1c with fasting plasma glucose after 12 months. (1C)
· We recommend that a formal diagnosis of post-transplant diabetes mellitus (PTDM) can be made once stability has been achieved (i.e., stable immunosuppression doses, no acute rejection/infection) but no earlier than 12 weeks post-transplant. (1B). 
· We recommend that OGTT remains the gold standard for the diagnosis of PTDM. (1B).
· We recommend that HbA1c ≥6.5% (48mmol/L) can be used for the diagnosis of PTDM after the first three months post-transplantation. In asymptomatic patients, the test should be repeated after two weeks to confirm the diagnosis. Caution with must be exercised in the presence of factors that may impair accurate interpretation (1B).  
· We recommend that the management of pre-existing type 1 or 2 diabetes in transplant recipients should not differ from non-transplant patients, as long as the level of renal function and infection risk (specifically in relation to SGLT2 inhibitor use in type 2) is accounted for. (2C)
· We recommend that the glycaemic target for people with PTDM and pre-existing type 2 diabetes should be around 7% (53 mmol/mol) [48 to 68 mmol/mol), but adjusted according to age, co-morbidity, ability to self-manage, and patient preference (1B).
· We recommend that all transplant recipients with a confirmed diagnosis of PTDM should be offered structured diabetes education and care, along with regular screening for complications (1B). The diagnosis of PTDM must be conveyed to the patients’ usual primary care practitioner, and the patient should be put on a diabetes register. 
· We recommend that an individualised approach is adopted in patients’ care, taking into account their personal preferences, comorbidities such as heart failure, obesity, infection risk and access to resources. (1C)
· We recommend that for patients with a stable eGFR >30 ml/min/1.73m2 and BMI >25 kg/m2, metformin should be considered first-line oral therapy for people with confirmed PTDM (1C). 
· We suggest that other therapies such as DPP-4 inhibitors, pioglitazone, GLP-1 analogues sulfonylureas, meglitinides and insulin can be used according to the level of glycaemia, targets and eGFR (2C)
· We suggest that SGLT-2 inhibitors may be used with caution in patients with stable eGFR > 20 ml/min/1.73m2 taking into account infection risk and comorbidities. SGLT2 inhibitors may be beneficial in selected patients, e.g. patients with heart failure provided risk is less than benefit. (2C)
· We recommend that when making decision in relation to immunosuppression, patient and graft outcomes should be prioritised over PTDM risk (1C)
Guideline 5.4 – Cardiovascular disease
· We recommend that lifestyle changes should be considered before management of cardiovascular risk factors: hypertension, diabetes, dyslipidaemia. (1C)
· We suggest that KTRs receive standard treatment for ischaemic heart disease including thrombolysis, revascularisation, and secondary prevention (2C)
· We suggest that KTRs with heart failure are managed by a multidisciplinary team involving cardiology and nephrology, and are considered to receive standard of care treatment according to their level of eGFR. (Not graded)
Guideline 5.5 – Smoking cessation
· We recommend that smoking should be discouraged in transplant recipients (1A)
· We suggest that transplant recipients who smoke are offered referral to a structured smoking cessation program (Not graded)
Guideline 5.6 – Lifestyle, physical activity, and exercise post-transplant
Physical activity and exercise recommendations
· We recommend that general physical activity should be encouraged in KTRs without contraindications (1B).
· We recommend KTRs aim for 150 minutes of moderate to vigorous physical activity a week (or 75 minutes of vigorous physical activity) as per the UK Chief Medical Officers’ Guideline (1C).
· We recommend that structured exercise be considered as a method of enhancing cardiorespiratory fitness (1B) and physical function (1C).
· We recommend that KTRs without contraindications undertake both aerobic and resistance exercise to maximise the effects on exercise capacity and muscle function (1B).
· We recommend exercise should be performed at least 3x/week in KTRs without contraindications (1C): 
· Aerobic exercise should be performed at an intensity of >60% of the maximum (either based on heart rate or VO2 peak) (1C).
· Resistance training, comprising of upper and lower body components, should be performed at an intensity of >60% 1-repetition max (RM) at least 2x/week (1C).
Immediate post-transplant recommendations
· We suggest that exercise interventions consisting of intensive physiotherapy and movement encouragement administered immediately post-transplantation i.e., <1-2 days are not beneficial in increasing recovery or attenuating declines in physical function. However, mobility should be encouraged as per standard care (2C)
Safety and contraindication recommendations
· We suggest that KTRs avoid traumatic damage to the transplanted kidney and any participation in contact sports (e.g., rugby, American football, martial arts, ice hockey, boxing) and/or prolonged extreme exercise (e.g., marathons, Ironman triathlons) must be considered carefully on an individual basis with discussions with renal clinicians (2C)
Other practical physical activity and exercise prescription suggestions
· KTRs should aim to minimise the amount of time spent being sedentary, and when physically possible, should break up long periods of inactivity with at least light physical activity. (Not graded)
· Physical activity can comprise general leisure-time physical activities, structured exercise, or sport, if appropriate. (Not graded)
· Exercise should be supervised for greatest compliance and efficacy by an appropriately trained individual (e.g., physiotherapist, sports scientist, cardiac rehabilitation specialist or an assistant physiotherapist/dietitian/nurse with additional training from one of the former groups). (Not graded)
· Exercise volume, both aerobic and resistance in nature, should be progressed gradually by adjusting duration, frequency, and/or intensity until the desired exercise goal (maintenance) is attained. (Not graded)
· Exercise should be followed by cool-down activities (e.g., exercising for a minimum of five minutes, starting at one-half of the prescribed training intensity and gradually decreasing intensity until exercise is stopped). (Not graded)
· To maintain exercise behaviour, behavioural strategies such as social support, goal setting of outcomes, instruction (modelling) of exercise behaviours and motivational interviewing should be implemented. (Not graded)
Guideline 5.7 – Dietary measures
· Patients should receive individualised information and counselling to adapt their diet and lifestyle after transplantation. This should be from a registered dietitian with appropriate training, experience and adequate resources and should include, review of dietary restrictions and normalisation of fluid and electrolyte status and intake. (Not Graded)
· We suggest weight should be routinely monitored and documented. Any fluid retention should be noted. An ideal weight should be targeted with BMI between 18.5-25 kg/m2 is suggested but may vary according to age, gender, and ethnicity.  BMI should be calculated from a fluid-free weight (2C). 
· There should be a protocol in place for recognising clinically significant increases or decreases in body weight and providing individualised intervention to reduce the risk of malnutrition or obesity. There should be regular malnutrition screening for all KTR with a validated nutrition screening tool or method. (Not graded)
· We suggest limit salt intake to <6g/d and an energy intake of 25-35kcal/kg/d or that required to maintain a positive nitrogen balance and healthy weight, is suggested. 
· Alcohol consumption should be within national guidelines (2D) 
· Recreational drug use should be avoided (2D) 
· The use of over-the-counter medications (without discussion with clinical staff) and non-proprietary medications (e.g. herbal medicines) should be discouraged (2D) 
· We suggest dietary advice should be given to ensure adequate calcium and magnesium intake and control of serum phosphate level. All KTR who follow sun avoidance guidelines to limit the risk of skin cancer with immunosuppression should be advised to take 10micg (400iu) vitamin D3 daily throughout the year or sufficient to maintain vitamin D3 levels of at least 50nmol/L. (Not graded)
· KTR are at increased risk of foodborne infection, hence should be advised to adhere to food safety practices which include following the ‘4 C’s’ (clean, cook, chill, cross-contamination), keeping hands, surfaces and utensils clean, washing all fruits/vegetables, appropriate storage, preparation and cooking of foods to recommended temperatures, and avoid high-risk foods (e.g. unpasteurised dairy products, undercooked meat and eggs). (2D)
· KTR should be counselled on drug-nutrient interactions which affect immunosuppressive medications metabolised via the cytochrome P450 and the CYP3A4 and CYP3A5 enzymes . They should avoid grapefruit and pomelo and limit intake of clementine, pomegranate, ginger, turmeric and green tea. KTRs should not take alternative/herbal/traditional remedies without their nephrologist’s approval. The KTR needs to be counselled on the timing of immunosuppression medication in relation to meal time and composition (2D)
[bookmark: _Toc213749017]6. Kidney Transplant Recipient (KTR): Neoplasia
Guideline 6.1 – Screening for cancer
We suggest that the organisation of screening for neoplasia in KTRs take into account:
· Screening should be similar to the general population for cervical, breast, colon and prostate cancer. (2C)
· Screening is not recommended for renal cell carcinoma. (2C)
· Breast and testicular self-examination should be encouraged. (2D)
· Annual examination of skin by a trained healthcare professional. (1D)
· Patients with cirrhosis should undergo an annual liver ultrasound and determination of serum alpha feto-protein. (2C)
Guideline 6.2 – Non-Melanoma Skin Cancer (NMSC)
· We recommend that KTRs should be educated about the adverse effects of sun exposure. (1C)
· We suggest an individualised assessment of hazard should be made for KTRs according to risk factors. (2C)
· We recommend that patients should be encouraged to cover their skin in direct sunlight and to use total sunblock (Sun Protection Factor ≥ 50). (1D)
· We suggest that self-examination should be encouraged and should be supplemented by annual review by a trained healthcare professional. (2C)
· We suggest that acitretin should be prescribed to those with previous NMSC if there are no contraindications. (2B)
Guideline 6.3 – Immunosuppression in cancers
· We suggest that the overall level of immunosuppression should be reduced if neoplasia develops. (2C)
Guideline 6.4 – Immunosuppression in Kaposi’s sarcoma
· We suggest that m-TORis has specific anti-tumour effects in Kaposi’s sarcoma and switching to this medication should be considered. (2C)
[bookmark: _Toc213749018]7. Kidney Transplant Recipient (KTR): Infection Complications (Guidelines 8.1-8.7)
Guideline 7.1 – KTR: Vaccination
Guideline 7.1.1 – KTR: Vaccination
We recommend that KTRs:
· Should be vaccinated with inactivated viruses as per national vaccination programmes. (1C)
· Should receive annual influenza vaccination unless contraindicated. (1C)
Guideline 7.1.2 – KTR: Vaccination
We suggest that KTRs:
· Should have hepatitis B surface antibody (HBsAb) levels rechecked annually and be revaccination if antibody titres fall below 10mIU/ml (2D)
· Should receive pneumococcal vaccine and a booster every five years. (2D)
· Should not receive live attenuated vaccines. (2C)
Guideline 7.2 – KTR: Cytomegalovirus disease
Guideline 7.2.1 – KTR: prophylaxis of CMV 
We recommend: 
· All donor and recipients should be screened for CMV serostatus before or at the time of transplantation (1A)
· Prophylaxis should be continued for at least 3 months following transplantation in sero-negative recipients of kidneys from CMV positive donors (D+/R-). (1A) 
· Prophylaxis should be administered for at least 3 months after treatment with a TDA when donor recipient status is D+/R+ or D-/R+ (1A)
Guideline 7.2.2 – KTR: prophylaxis and treatment of CMV disease 
We suggest:
· All transplant units should have the ability to measure CMV serological status and the detection and quantification of viral load. (1A)
· A written protocolised strategy based either on prophylaxis and/or pre-emptive therapy should be implemented. (2D)
· For the treatment of mild and moderate CMV disease, oral valganciclovir and intravenous ganciclovir are of equivalent efficacy. (1A)
· Treatment of life-threatening CMV disease should be initiated with intravenous ganciclovir. (1A)
· Treatment duration should be determined by monitoring viral load but at least 2 weeks should be offered (1D).
· Stopping treatment should be considered once symptoms resolve and two viral load tests indicate CMV is undetectable (2D).
· Ganciclovir resistance should be considered in patients who remain symptomatic or have rising viral load despite 2 to 4 weeks of therapy at an effective dosage (1A). Virology advice is recommended to direct therapy in this event (1D).
· Reduction of immunosuppression, preferentially mycophenolate mofetil or azathioprine, should be considered at the time of infection with review once infection or disease have resolved (1D).
Guideline 7.3 – KTR: Epstein Barr virus infection
Guideline 7.3.1 – KTR: EBV infection
We recommend:
· Immunosuppression should be reduced or stopped following the development of PTLD. (1C)
Guideline 7.3.2 – KTR: Prophylaxis of EBV infection
We suggest:
· Both donor and recipient should have their EBV serology recorded at the time of transplantation. (2D)
· All high risk (D+/R-) patients (including adults) should have EBV viral load measured immediately after transplantation, monthly for six months, and three monthly to one year. (2C)
· EBV viral load should be monitored after the treatment of rejection. (2C)
· Total immunosuppression should be reduced when EBV titres rise significantly. (2C)
Guideline 7.4.1 – KTR: Treatment of VZV infection
We recommend:
· Severe infection (chickenpox) should initially be treated with intravenous aciclovir and treated until the lesions scab over. (1C)
· Uncomplicated shingles should be treated with oral aciclovir or valaciclovir until the lesions scab over. (1D)
· Disseminated (>2 dermatomes), ocular or invasive shingles should be initially treated with intravenous aciclovir and treated until the lesions scab over. (1B)
· Varicella-susceptible KTRs (i.e. VZV IgG -ve) with primary exposure to VZV should receive VZV immunoglobulin, ideally within 96 hours, but up to a maximum of 10 days following exposure. If unavailable or after 10 days, oral aciclovir should be administered for seven days, starting one week after exposure (This may be started up to day 14 after exposure). (1D)
Guideline 7.4.2 – KTR: VZV infection
We suggest:
· Patients on the waiting list who are VZV IgG seronegative should be vaccinated prior to transplantation. (2D)
· Immunosuppression may be reduced during primary and severe infection. (2D)
Guideline 7.5 – KTR: Herpes Simplex Virus infection 
Guideline 7.5.1 – KTR: Treatment of HSV infection 
We recommend: 
· Superficial HSV (1 or 2) infection should be treated with appropriate oral agents until the lesions have resolved. (1D) 
· Systemic HSV infections should be treated with intravenous aciclovir and a reduction in immunosuppression until resolution, or 14 days and then oral medication continued. (1C) 
Guideline 7.5.2 – KTR: Prophylaxis of HSV infection 
· We suggest that KTRs suffering frequent recurrent HSV infection should consider oral prophylaxis. (2D) 
Guideline 7.6 – KTR: BK viral associated nephropathy
Guideline 7.6.1 – KTR: BK nephropathy 
· We recommend that confirmed BK nephropathy should be treated by reduction in immunosuppression. (1D)
Guideline 7.6.2 – KTR: BK nephropathy
We suggest:
· KTRs should be screened for BKV viral load PCR in serum or urine. (2C)
· Screening should be monthly for the first nine months, then every three months until the end of the second year. (2D)
· Screening should also be carried out when renal function deteriorates in an unexplained fashion or when immunosuppression is intensified. (2D)
· Suspected BK nephropathy should be confirmed by renal biopsy which should be stained for SV40. Two cores containing medullary tissue should ideally be examined. (2D)
· Immunosuppression should be reduced when the serum BKV load exceeds 103 copies/ml for at least 3 weeks or greater than 104/ml. (2C)
· There is no established specific treatment for BK nephropathy. (2D)
· Re-transplantation can safely be considered in patients who have BK nephropathy diagnosed in an earlier graft. (2C)
Guideline 7.7 – KTR: Pneumocystis jirovecii infection- treatment and prophylaxis
We suggest:
· All patients with confirmation (microscopy or PCR) of Pneumocystis jirovecii in respiratory secretions should be treated for 14 to 21 days with co-trimoxazole orally or intravenously (15-20mg/kg in three or four divided doses adjusted for renal function) (2B). 
· Patients with contraindication to co-trimoxazole treatment should receive intravenous pentamidine (2B).
· Adjunctive glucocorticoid therapy may be considered in patients with severe disease (2D). 
· All patients should receive 3-6 months of treatment with co-trimoxazole for Pneumocystis jirovecii prophylaxis post-transplant and after significant immunosuppressant events (eg treatment for rejection) (1B).
Guideline 7.8 – KTR: Post-transplant infection prophylaxis, others
We recommend:
· All patients should receive 3-6 months of treatment with co-trimoxazole. (1B).
· Oral antifungal prophylaxis should be administered for three months after transplantation. (2C)
· In selected patients, prophylaxis against mycobacterium tuberculosis with daily isoniazid (supplemented with pyridoxine) should be instituted for six months after transplantation. (2C)
[bookmark: _Toc213749019]8. Kidney Transplant Recipient (KTR): Bone and Joint disease
Guideline 8.1 – KTR: Osteoporosis
We suggest:
· KTRs suffering from osteoporosis or at high potential risk should be considered for steroid-avoiding immunosuppression. (2D)
· KTRs on long-term corticosteroids or at high risk for osteoporosis should undergo DEXA scanning if eGFR >30 ml/min/1.73m2. (2D)
· Treatment should be according published guidelines for steroid-induced osteoporosis. (2D)
KTRs suffering with osteoporosis with high-bone turnover should be considered for treatment with denosumab to increase bone mineral density after vitamin D replacement to limit the risk of hypocalcaemia. (Not graded)
Guideline 8.2 – KTR: Tertiary hyperparathyroidism
We suggest:
· Severe hyperparathyroidism should be treated prior to transplantation. (2D)
· Cinacalcet can be used in KTRs. (2C)
· Treatment should be the same as for other patients with CKD. (2D)
Guideline 8.3 – KTR: Treatment and management of gout
· We recommend that neither allopurinol nor febuxostat should be administered with azathioprine due to serious interactions (apart from cases closely managed by clinicians with relevant experience). (1B)
We suggest:
· An acute gout flare is treated with colchicine or a short course of oral prednisolone. (2D)
· NSAIDs should be avoided. (2D)
· Hyperuricaemia should be treated when associated with gout, tophi or uric acid stones. (2C)
· Allopurinol is effective but should be dose adjusted for renal function. (2D)
· Febuxostat may be used if allopurinol is not effective at maximum appropriate dose. (2D)
· Appropriate lifestyle advice should be provided to reduce risk factors (1C)
[bookmark: _Toc213749020]9. Kidney Transplant Recipient (KTR):  Haematological complications
Guideline 9.1 – Post-Transplant Erythrocytosis
· Haemoglobin levels should be monitored at every clinic visit (2D) 
· We suggest treatment should be initiated when there is a persistently raised haemoglobin of 170g/L or a haematocrit exceeding 51% (2D)
· We recommend angiotensin converting enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs) as initial treatment for post-transplant erythrocytosis (1C) 
· Venesection may be used in refractory cases, particularly if symptoms of hyperviscosity are present (2D)
· There is no benefit in treating with aspirin to prevent thrombotic events. (2C)
· Alternative underlying causes for erythrocytosis should be sought prior to making a diagnosis of post-transplant erythrocytosis (2D)
Guideline 9.2 – Post-transplant Anaemia (PTA) 
· We recommend that investigations and management of chronic anaemia in KTRs should be similar to those for people with non-dialysis dependent CKD (1B)
· We suggest that consideration is given to identifying and managing potentially reversible transplant-associated causes of anaemia in a timely manner. (2B)
[bookmark: _Toc213749021]10. Kidney Transplant Recipient (KTR): Reproductive issues and sexual function in the renal transplant recipient
Guideline 10.1 – Conception and contraception (female)
We recommend:
· Mycophenolate mofetil, mycophenolate sodium or its compounds (mycophenolic acid (MPA)) should be stopped at least six weeks prior to conception and replaced appropriately. (1A) 
· M-TOR inhibitors (m-TORi) should be stopped at least three months prior to conception and replaced appropriately (1D) 
· Women on MPA-containing immunosuppressant drugs or m-TORi and their partners should make use of highly effective contraception (intrauterine device in females or tubal ligation in males, or combined hormonal and barrier method) (1A) 
· Women with a renal transplant should be offered aspirin 75 mg daily to reduce the risk of pre-eclampsia from 12 weeks gestation until birth of the baby, unless there are contraindications. (1B) 
· Pre-conception counselling should be offered for all females of reproductive age and all male patients prior to transplantation, in the early post-transplant phase and at least annually, or whenever required thereafter (1C)  
· The values and acceptance of pregnancy-related risks of the KTR and their partner should receive attention (Not graded). 
We suggest:
· Women with an uncomplicated course following renal transplantation should wait at least 12 months until their renal function is stable on pregnancy-safe medications before achieving conception (2D). 
· Pregnancy in KTRs should be jointly managed by a multidisciplinary team, including an obstetrician with experience in the care of KTR (2D) 
· The benefits and potential theoretical risks of breastfeeding while using immunosuppressive medication should be discussed. Breastfeeding while on lactation-safe immunosuppression should not be discouraged (2C) 
· The use of an intrauterine device or progestin-only contraception is preferred over oestrogen-containing contraception due to the risk of hypertension and venous/ arterial thrombosis with the latter (2C)
· Assisted reproductive technology (ART) procedures can be considered in KTRs. Such patients should be managed in expert multidisciplinary centres with experience in such techniques. Counselling and close monitoring for multiple gestation pregnancy, pre-eclampsia, low gestational age and low birth weight should take place if ART is pursued (2D). 
Guideline 10.2 – Conception and contraception (male)
We recommend:
· Male KTRs are advised that Mycophenolate mofetil, mycophenolate sodium or its compounds (MPA) have teratogenic potential. Males on these agents should make use of highly effective contraception during treatment and for at least 3 months after stopping these medications to avoid the theoretical risk of teratogenicity  (1D)
· Male KTRs should be counselled on risk of oligospermia during the use of m-TORi and valganciclovir (1C)
We suggest: 
· All immunosuppressive drugs, other than m-TORi and MPA-containing compounds, can be used in male KTRs who wish to conceive (2D)
· Men on m-TORi who wish to conceive should stop these agents 3 months before conception and replace them as appropriate due to the risk of teratogenicity (2D). Male KTRs should be advised that m-TORi are also associated with reduced spermatogenesis (2D) 
· Men who wish to maintain fertility should avoid m-TORi/MPA-containing drugs, or be referred to fertility services for consideration of sperm banking (2D)
Guideline 10.3 – Sexual dysfunction
We suggest:
 Specific enquiry should be made regarding sexual dysfunction, preferably at an annual review clinic. (2D)
 Care pathways and close liaison with local andrology services for dealing with sexual dysfunction should be established (2D)
 Sildenafil is safe and effective in male KTR not taking nitrates. (2D)
Guideline 10.4 – Hormone replacement therapy
We suggest:
· The decision to initiate HRT in menopausal women with a kidney transplant should be individualised, taking into consideration specific cardiovascular and malignancy risk factors, and potential drug interactions (2D) 

[bookmark: _Toc213749022]Summary of Audit Measures
[bookmark: _Toc213749023]1. Kidney Transplant Recipient (KTR): Organisation of Outpatient Follow-up (Guidelines 1.1-1.4)
1. The proportion of blood results available for review and were reviewed within 24 hours. 
2. Proportion of units with a written follow-up schedule available to all staff and patients. 
3. Percentage of patients accessing their results through Renal Patient View or similar
4. Percentage of total patients assessed in an annual review clinic 
[bookmark: _Toc213749024]2. Kidney Transplant Recipient (KTR): Immunosuppression with non-adherence (Guidelines 2.1-2.6)
1. Recording “Did Not Attend” (DNA) rates for all patients.
2. Recording sub-therapeutic drug levels.
3. Measuring within-patient variability of CNI levels
4. Percentage of total patients receiving induction with ILRAs and TDAs 
5. Percentage of de novo KTRs receiving tacrolimus 
6. Percentage of de novo KTRs receiving MPA-based immunosuppression 
7. Percentage of de novo KTRs receiving corticosteroid as part of maintenance therapy 
8. The use of generic agents should be monitored and audited
[bookmark: _Toc213749025]3. Kidney Transplant Recipient (KTR): Acute rejection, diagnosis and treatment (Guidelines 3.1-3.2.9)
1. Severity of biopsy proven acute rejection (BPAR) recorded by Banff criteria
2. The percentage of KTRs with BPAR in first 3 months and the first 12 months
3. The percentage of KTRs requiring TDAs to treat rejection within the first year
4. Complication rates after renal transplant biopsy
5. The percentage of KTRs with a donor-specific HLA antibody at the time of biopsy 
6. Severity of biopsy proven acute rejection (BPAR) recorded by Banff criteria
7. Percentage of KTRs initially on a steroid free regime with BPAR in first 3 months and first 12 months
8. The percentage of KTRs with positive C4d staining on biopsy
9. Percentage of KTRs requiring TDAs to treat rejection who subsequently develop CMV disease (primary or reactivation)
10. Percentage of KTRs requiring TDAs to treat rejection who subsequently develop malignancies
[bookmark: _Toc213749026]4. Kidney Transplant Recipient (KTR): Chronic Allograft Injury (Guidelines 4.1 – 4.4)
1. The proportion of patients with pre-existing or de novo donor-specific antibodies 
2. The percentage of patients with chronic allograft injury on biopsy, and the relative proportions of chronic ABMR, BK nephropathy, and CNI toxicity.
3. The intra-personal variation in tacrolimus trough levels
[bookmark: _Toc213749027]5. Kidney Transplant Recipient (KTR): Cardiovascular disease – hypertension, diabetes, cholesterol (including lifestyle and exercise)
Guideline 5.1– Hypertension
1. The proportion of transplant centres adopting a standardised BP measurement
2. The proportion of patients achieving a target blood pressure of 130/80 
3. The proportion of patients presenting with resistant hypertension and adherence within this subpopulation
4. The proportion of patients following lifestyle modifications prior to / in combination to pharmacological management
5. The proportion of patients receiving information on the burden of hypertension on transplant survival before transplant surgery
Guideline 5.2 – Dyslipidaemia
1. Proportion of renal transplant patients with regular measurements of lipids
2. Proportion of renal transplant patients taking statins for primary and secondary prevention of cardiovascular disease and adherence
3. Proportion of patients achieving lipid targets
Guideline 5.3 – Diabetes Mellitus
1. Proportion of patients diagnosed with PTDM
2. Proportion of patients receiving different pharmacological agents for PTDM
3. Efficacy and safety of the use of SGLT 2 inhibitors for PDTM
Guideline 5.4 – Cardiovascular disease
1. Proportion of patients with de novo ischaemic heart disease.
2. Proportion of patients suffering myocardial infarction post transplant.
3. Proportion of patients undergoing primary revascularisation.
4. Proportion of patients receiving secondary prevention with a statin, anti-platelet agents and RAS blockers.
5. Proportion of patients receiving standard of care treatment for heart failure
Guideline 5.5 – Smoking cessation 
1. Proportion of KTRs who smoke
2. Proportion of cigarette smoking KTRs who have been given formal advice or offered help with cessation 
Guideline 5.6 – Lifestyle, physical activity, and exercise post-transplant
1. Proportion of patients who are active
Guideline 5.7 – Dietary measures
1. Proportion of patients who are obese or malnourished 
[bookmark: _Toc213749028]6. Kidney Transplant Recipient (KTR): Neoplasia
1. Proportion of patients having screening procedures for neoplasia at the annual review clinic.
2. Incidence of all malignancies post transplantation particularly NMSC.
[bookmark: _Toc213749029]7. Kidney Transplant Recipient (KTR): Infection Complications (Guidelines 8.1-8.7)
Guideline 7.1 – KTR: Vaccination
1. Proportion of patients who are appropriately vaccinated
Guideline 7.2 – KTR: Cytomegalovirus disease
1. Incidence of CMV disease.
2. Treatment outcomes of viral PCR cases
3. Completeness of records for CMV donor and recipient serology
Guideline 7.3 – KTR: Epstein Barr virus infection
1. Rates of EBV infection and PTLD amongst KTRs
2. Completeness of records for EBV donor and recipient serology
Guideline 7.4 – KTR: Varicella Zoster Virus infection
1. Annual rates of primary VZV and shingles infection
2. Completeness of records for VZV recipient serology in KTRs
Guideline 7.5 – KTR: Herpes Simplex Virus infection 
1. Rates and outcomes of HSV infections 
Guideline 7.6 – KTR: BK viral associated nephropathy
1. Rates of BK viral infection in screening tests
2. Rates and outcomes of BK nephropathy
Guideline 7.7 – KTR: Pneumocystis jirovecii infection- treatment and prophylaxis
1. Rates of PJP infection 
2. Outcomes of PJP treatement
[bookmark: _Toc213749030]8. Kidney Transplant Recipient (KTR): Bone and Joint disease (Guidelines 9.1-8.7)
Guideline 8.1 – KTR: Osteoporosis
1. Prevalence of KTRs on corticosteroids
2. Frequency of bisphosphonate usage amongst KTRs
3. Incidence of fractures amongst KTRs
Guideline 8.2 – KTR: Tertiary hyperparathyroidism
1. Incidence of hyperparathyroidism
2. Incidence of parathyroidectomy 
3. Usage of cinacalcet
Guideline 8.3 – KTR: Treatment and management of gout
1. Frequency of gout and hyperuricaemia amongst KTRs
[bookmark: _Toc213749031]9. Kidney Transplant Recipient (KTR):  Haematological complications
1. The efficacy and safety of HIF-PH inhibitors amongst people with a functioning renal transplant in the management of PTA
2. The efficacy and safety of SGLT2 inhibitors amongst people with a functioning renal transplant in the management of PTA 
[bookmark: _Toc213749032]10. Kidney Transplant Recipient (KTR): Reproductive issues and sexual function in the renal transplant recipient
1. Long-term monitoring of children born to renal transplant recipients is essential as they grow into adulthood to assess for potential subtle effects of immunosuppression exposure. 
2. Comparative studies of bottle-fed infants exposed to immunosuppression in utero and breast-fed infants with peripartum exposure. 
3. Further studies on the risks of assisted reproductive therapy in renal transplant recipients is warranted. 


[bookmark: _Toc213749033]Rationale for Clinical Practice Guidelines
[bookmark: _Toc213749034][bookmark: _Hlk198736213]1. Kidney Transplant Recipient (KTR): Organisation of Outpatient Follow-up (Guidelines 1.1-1.4)
All KTRs should have ready access to a senior clinical opinion with appropriate knowledge and experience, and such a clinician should be available at renal transplant clinics. This may be a specialist, associate specialist and speciality doctor, consultant-level nurse, or medical or surgical consultant. The exact type of healthcare professional may vary, but KTRs and junior staff should have access to an individual with appropriate knowledge and experience. This will also benefit the training of junior staff. A dedicated outpatient area is beneficial as it provides a familiar environment and staff experienced in managing KTRs. 
Prompt availability and formal review of test results are desirable since most complications can be resolved quickly if recognised early, particularly in the first few weeks after renal transplantation. Patient care should be carried out according to the principles laid out in the Department of Health (DoH) leaflet “Achieving Excellence in Kidney Care” 1 and the report by Kidney Research UK “Kidney Health Delivering Excellence” 2. 
Freedom from regular hospital attendance is an essential benefit of renal transplantation, balanced against the risks and prevention of complications. These risks (especially surgical complications) are highest in the immediate postoperative period and during the first few weeks following hospital discharge, when the burden of immunosuppression is high 3. For typical patients, monitoring should be most frequent during this period and then diminish with time. Virtual renal clinics should be explored as a complementary form of KTR review as it might be more convenient for some patients. 
Patients should be encouraged to actively participate in their care according to principles embodied in the National Service Framework 1. Interest in their blood results should be welcomed, and KTRs should be encouraged to use Patient View (https://www.patientview.org/; formerly known as Renal Patient View). Patient education is a crucial element in the success of renal transplantation, and easy access to information should be provided for all patients in different formats (e.g. paper-based and electronic). 
Since KTRs experience considerable late morbidity, which is unlikely to be appropriately managed in a traditional clinical setting (e.g. skin lesions, sexual dysfunction, weight gain/loss and psychological morbidity) 4, it seems sensible to facilitate periodic follow-up in a different and more holistic environment 5. 

[bookmark: _Toc213749035]2. Kidney Transplant Recipient (KTR): Immunosuppression with non-adherence to medicines (Guidelines 2.1-2.6.4)
Non-adherence with immunosuppressive medication is an important, potentially reversible, factor associated with allograft rejection and loss.  Some studies indicate up to one third of patients report regularly missing tablets 6 and the risk increases with time after implantation.   In addition, loss of a transplant due to medication non- adherence can reduce the chances of a well-matched subsequent graft due to sensitisation.  Characteristics associated with non-adherence can be broadly categorised into patient, disease, cultural and socioeconomic groups and should be discussed with prospective recipients and wider transplant multidisciplinary team before wait listing.    Additional clinical parameters which raise suspicion of non-adherence after transplantation are well recognised and should be used to assess risk to long graft survival e.g. erratic or low immunosuppression levels, clinic non-attendance, psychiatric illness, low belief in the need for medication, adolescence and early adulthood 7,8. High within-patient variability of CNI levels has also been shown to be associated with poor graft outcomes and can readily be monitored in the clinic 9. 
Interventions to improve non-adherence include counselling from clinicians/ allied health professionals with experience assisting transplant patients (e.g pharmacists, clinical psychologists, advance nurse practitioners), phone reminders, rationalising medication regimen to reduce dosing frequency.  Each patient requires educating and involving all stake holders including patients and their relatives/care givers7.  Initial results from randomised controlled trials demonstrate improvement around the time of intervention10,11 but results in the longer term have been less beneficial.  
Immunosuppressive therapy for kidney transplantation has a wide and potentially serious side effect profile, including increased risk of cancer, cardiovascular disease and infection. Engagement with patients about anticipated short- and long-term side effects of immunosuppressive therapy allows discussions to be reassured about some anticipated side effects while informing others. This may aid treatment adherence and allay untoward concerns about medication side effects.  
Following an allogeneic renal transplant, there is an intense period of immunological activity during which recipient lymphocytes respond to allogeneic material. Immunosuppression induction therapy aims to minimise this response and the risk of early graft rejection at a time when oral agents may not have reached effective concentrations. 
There is good evidence that IL2-RAs reduce the risk of early rejection compared to placebo. However, there is no definitive evidence of improved graft survival at three years, nor are there trials of adequate statistical power to answer the question of long-term benefits. However, some evidence from registry data suggests that the lower rejection rates might translate into better graft survival 12. Pharmacoeconomic analysis has shown that these agents are cost-effective in the early post-transplant period, and this is embodied in the National Institute for Clinical Excellence (NICE) guidelines 13,14. 
There is moderate evidence that TDAs reduce the risk of acute rejection in high-risk immunological recipients. However, this benefit is generally gained at the expense of increased side effects - particularly an increased incidence of malignancy, cytopenia and infection. Four randomised controlled trials comparing alemtuzumab to basiliximab in standard-risk patients have consistently demonstrated reduced acute rejection rates with alemtuzumab, but longer-term outcomes are still awaited 15–18. However, alemtuzumab has been associated with increased side effects in most studies and for most patients, it would seem unnecessary other than as part of a strategy to avoid other drugs, e.g. corticosteroids. Anti-thymocyte globulin has been shown to reduce the incidence of acute rejection in standard risk KTRs when compared to an IL2RA. Still, follow-up at ten years did not show any significant clinical differences between the two groups 19. A multicentre prospective RCT compared ATG to IL2RA in high-risk KTRs and demonstrated significantly reduced rejection rates but no significant difference in five-year outcomes 20. Similarly, ATG may reduce acute rejection rates in black KTRs and reduce the incidence of antibody-mediated rejection (AMR) and donor-specific antibody production, but long-term evidence of benefit is lacking 21,22. 
There is limited evidence to suggest that the clinical profile of alemtuzumab differs from that of other T cell-depleting antibodies, with a lower incidence of post-transplant lymphoproliferative disease (PTLD) 23. Preliminary evidence suggests that B lymphocyte-depleting antibodies, such as anti-CD20 (rituximab), are unsuitable as routine induction agents 24,25. Rituximab may be helpful to as an induction agent in ABO-incompatible transplantation 26. 
Immunosuppressive drugs are generally used in combination to balance effective total immunosuppression with minimisation of drug-specific side effects. Since the graft is most immunogenic in the early post- transplant period it is important to use higher doses of these drugs during this period. Thereafter dosages and thus blood levels can be reduced to minimise the risks of infection and malignancy. Account should be taken of the immunological risk of the transplant and also the strength of induction therapy, i.e. KTRs induced with TDAs often require less intensive maintenance therapy. 
Except for transplants from syngeneic or haploidentical live donors, it is generally established practice in renal transplantation to use triple therapy as maintenance, consisting of a CNI, an antiproliferative agent and corticosteroids. Such regimens have led to the lowest rejection rates and are considered the benchmark to which other regimens are compared. Induction therapy plus low-dose tacrolimus, mycophenolate mofetil (MMF) and corticosteroids have produced the lowest rates of acute rejection, superior graft function, and better graft survival. There are examples of other regimens for maintenance therapy, generally involving avoidance, minimisation or withdrawal of either steroids or CNIs. Such regimes can produce similar outcomes in selected patients but there are currently no reliable instruments to predict which KTRs will benefit. 
A large randomised controlled trial (RCT) suggested that low dose tacrolimus combined with MMF and steroids with an IL2-RA as induction was superior at 12 months in terms of graft function, graft survival and acute rejection rate to either standard or low dose ciclosporin in low immunological risk KTRs 27,28. There are concerns over the early nephrotoxic effects of CNIs but whether these observations extend to lower doses and levels is unknown. To date, no alternative to CNIs has been shown to improve either early or late graft outcomes. Favourable outcomes in this trial 28 were based on tacrolimus levels of 3-7 ng/mL. More recent data suggest that trough tacrolimus levels <4.0ng/mL was associated with higher levels of rejection in the ‘post- SYMPHONY’ era 27. Therefore, a pragmatic compromise would be to aim for trough tacrolimus levels of 4- 8ng/mL. 
The risk of acute rejection is minimised by early achievement of target CNI levels and so there is no reason to delay the initiation of a CNI. Specifically, there is no evidence that delaying the introduction of a CNI prevents or ameliorates delayed graft function. 
Trial evidence demonstrates that tacrolimus reduces the risk of acute rejection and improves graft survival during the first year of transplantation compared to ciclosporin 29. Protocol biopsy studies also suggest that subclinical rejection is less prevalent in regimes containing tacrolimus as opposed to ciclosporin 30. However, PTDM is significantly more common with tacrolimus even accounting for variation in concomitant steroid usage 31. An RCT comparing tacrolimus with ciclosporin (Neoral) in non-diabetic patients demonstrated significantly higher levels of abnormalities in glucose metabolism with tacrolimus but a non-significant trend towards worse graft function with ciclosporin 32,33. However, lower blood levels of tacrolimus minimise the risk of PTDM compared to higher levels; this has not been fully explored in a trial setting. 
It is acknowledged that tacrolimus is associated with a number of side effects. Some milder side effects relating to peak levels of the parent compound (e.g. tremor) may be ameliorated by dose reduction or the use of slow release formulations of tacrolimus 34. However, tacrolimus may cause disabling side effects in a minority of patients including posterior reversible encephalopathy syndrome, haemolytic uraemic syndrome, alopecia and GI disturbance. In such circumstances it is usually necessary to switch to an alternative agent such as ciclosporin, m-TORi or belatacept. 
Higher doses of CNIs are required during the first three months when the recipient’s immune response is receiving the most allostimulation. There is theoretically a good reason to reduce the immunosuppressive load after this time to reduce the incidence of drug-related adverse effects (i.e. reduce CNI target levels). Analysis of RCTs has shown that CNI withdrawal leads to higher rejection rates without any improvement in graft survival. Comparison of lower dose CNI regimes with higher doses have generally shown little difference in outcomes 35, but in some cases better renal function has been attained. Those seeking a fuller discussion of these studies are referred to the 2009 KDIGO guidelines 36. 
Compared with placebo and azathioprine, mycophenolic acid based compounds, (mycophenolate mofetil and mycophenolate sodium) reduce the risk of acute rejection and increase graft survival 37–39. The evidence comparing MPA to placebo consistently demonstrates lower rates of acute rejection with MPA but at the expense of increased bone marrow suppression and increased opportunistic infection rates. Absolute numbers of patients with gastrointestinal side effects are higher with MMF though this is not significant. There is limited evidence that mycophenolate sodium leads to a reduced incidence of gastrointestinal side effects compared to mycophenolate mofetil, albeit in studies specifically addressing patients with gastrointestinal side effects, rather than larger studies of KTRs 40. All mycophenolic acid based compounds are associated with significant teratogenicity in women and a theoretical risk in men and should not be used in fertile KTRs who are unwilling to use reliable contraception 41 The theoretical risks in men should be discussed as well as the risk of rejection if the KTR wishes to switch immunosuppressive agents.
Steroids have a well-documented adverse effect profile and there is heightened interest in steroid withdrawal and avoidance regimes. Whether low dose prednisolone (e.g. 5 mg daily) is associated with a similar adverse profile to higher dose regimens is unknown. Interestingly there is little evidence of an effect on insulin sensitivity between no steroids and 5 mg daily 42. The majority of accumulated trial evidence in renal transplantation has involved steroid-containing regimes and there is little information on steroid withdrawal/avoidance. There are no differences in graft survival between patients treated with or without maintenance corticosteroids beyond the first week after kidney transplantation and avoidance beyond the first week after kidney transplantation reduces adverse effects. Early withdrawal and avoidance studies show increased acute rejection rates but without an effect on graft survival 43–45. In contrast, steroid withdrawal studies later than one month after transplantation generally show increased rejection rates. Long-term follow up is required to fully assess these effects. It is clear that close vigilance is required with steroid avoidance regimes since acute rejection rates will probably be higher. Patients with graft rejection should probably be maintained on long-term oral steroids 46. Due to the adverse effects associated with long term steroid use, KTR who remain on steroids after the induction period should have the risks and benefits of steroid treatment and withdrawal discussed with them to determine a suitable long term plan.
There are now substantially more older patients receiving kidney transplants, in the United States, the percentage of kidney transplant recipients age >65 years increased from 14% in 1999 to 24% in 2018.  Although the rate of ACR reduces by age, the incident of graft loss following a rejection episode is significantly increased in elderly recipients. A number of factors also increase the susceptibility of elderly KTR to CV disease, infection and malignancy. This means that the balance of immunosuppression has to be carefully considered in this patient group. Registry analysis of older (>65 years) vs younger (18-64 years) KTR shows that older people tend to be given lower intensity immunosuppression with tacrolimus and mycophenolate (ie steroid sparing) which appears beneficial whereas m-TORi and ciclosporin based maintenance is linked to greater risks of adverse effects in this group 47,48.
There is some evidence that m-TORis can allow reduced doses of CNIs and better graft function at one year after transplantation, however these agents are poorly tolerated and are associated with higher rejection rates 49. Two studies have investigated the substitution of m-TORis for CNIs between 1 and 6 months after transplantation. While both studies demonstrated short-term improvements in renal function, there were no significant improvements in long term graft or patient outcomes 50–52. A systemic review demonstrated a significant reduction in the rate of malignancy with sirolimus but a 43% increase in overall mortality rate compared to controls 53. The exact role of m-TORis in the early stages after transplantation is uncertain but at this time they should only be used as second line agents especially due to their association with poor wound healing and proteinuria. 
Belatacept is a fusion protein that blocks costimulatory pathways involved in T cell activation, which has to be administered by regular intravenous infusions. It has been used in KTRs as an alternative to CNIs and significant improvement in renal function and better graft histology at one year has been demonstrated despite an increase in early ACR 54. More recent studies have confirmed improved graft function, which was sustained at seven years, but also an association with the development of PTLD. Therefore it is only licensed for EBV seropositive KTR due to the association between EBV seronegativity and PTLD 55–57. A meta-analysis concluded that belatacept has no demonstrable effect on rejection rates, patient or graft survival 58. However, it was associated with significantly better graft function and histology. It is currently a valuable alternative agent that may be particularly useful in certain clinical situations (e.g. poor adherence, haemolytic uraemic syndrome). 
Therapeutic drug monitoring is essential for drugs with a narrow therapeutic index to enable safe prescribing. For tacrolimus and ciclosporin the absorption may vary in the early stages after transplantation but usually stabilises within a month. Both drugs may exhibit both inter-patient and intra-patient variability. Tacrolimus and ciclosporin are traditionally monitored by 12-hour C0 trough levels, but in the case of ciclosporin there is some evidence that C2 levels may also be used although target ranges are less well established and the logistics of sample collection are more complex. There is little evidence directly comparing different target levels of the same drug in a controlled fashion. 
The pharmacokinetics of mycophenolate as mycophenolic acid (MPA) is complicated due to non-linear absorption, enterohepatic circulation, plasma protein binding and other factors which mean that single levels are not helpful as C0 levels correlate poorly with AUC. They are rarely used in clinical practice apart from to check for compliance. Monitoring is best carried out by measuring the area under the curve (AUC) but this is not practical for most patients and the benefits in clinical studies have not been conclusive 59. If calculated, a target MPA AUC0–12h of 30–60 mg·h/L is suggested in adult KTR treated with MMF in combination with tacrolimus or ciclosporin, with or without glucocorticoids 60.
Sirolimus levels should be monitored since toxic effects correlate with high drug levels and C0 levels correlate well with AUC 61. 
The introduction of many generic preparations of tacrolimus, ciclosporin and MPA has occurred in the last ten years. These offer potential cost savings but with the risk that these medications are not truly bioequivalent due to the limitations of the regulatory process. This has led to differences in both pharmacokinetic and clinical terms, compared with the original agents. 
Immunosuppressive drugs in common use have narrow therapeutic windows, with significant risk of under- and over-immunosuppression and, with CNIs, the risk of nephrotoxicity due to over-exposure. Plasma CNI levels are carefully measured in practice, with narrow therapeutic ranges. Assessment of generic agents were required only that time-averaged plasma concentrations (area-under-the-curve) fall between 80-125% of the original preparation in normal subjects and differences in bioavailability due to food, or other factors, are not assessed. For ciclosporin the bioavailability of generic agents extends across this range and is influenced by food, thus switching between generic agents may result in major differences in drug exposure. Due to this the European Medicines Agency has changed the AUC requirements for drugs with narrow therapeutic windows to 90-111% of the original product 62. The risk of using generics may be minimised by careful measure of drug exposure after switching between agents and named generic preparations. When the choice of generic is left to the dispenser this is likely to result in variable exposure. The same issues may apply to tacrolimus but the bioavailability of this agent is less variable, and to other generic immunosuppressants such as MPA, although monitoring of this agent is not usually undertaken in clinical practice. For these reasons a local protocol for the use of generic agents should be available to all involved in the care of transplant recipients, specifically those who write and dispense prescriptions. KTR should also be educated on the importance of remaining on the same formulation of immunosuppressants and be able to recognise the brand or named generic that they use.
[bookmark: _Toc213749036]3. Kidney Transplant Recipient (KTR): Acute rejection, diagnosis and treatment (Guidelines 3.1-3.6)
Guideline 3.1 – KTR: Diagnosis of acute rejection
Historically, unresolved acute rejection episodes invariably led to graft loss so it is rational to treat such episodes unless the treatment is likely to do more harm than good. Rejection episodes are characteristically associated with loss of graft function 63 and, although advances in novel diagnostic approaches are ongoing, diagnosis remains best established by a percutaneous biopsy since it differentiates rejection clearly from other causes of graft dysfunction. Recognition of different forms of rejection may inform different treatment regimens (e.g. antibody mediated vs T-cell mediated rejection).
Two cores of tissue should be obtained as this approach establishes the diagnosis of acute rejection with a sensitivity of 99% versus 91% when only one core is obtained 64. The use of a 16-gauge automated core biopsy needle yields higher numbers of glomeruli and thus increased diagnostic usefulness without an increase in complication rate compared with an 18-gauge needle 65,66. 
Biopsy is performed when there is acute graft dysfunction with the aim of providing a histological diagnosis to confirm clinical suspicion and should be reported according to current Banff criteria. However, renal scarring may be too advanced for any intervention to lead to significant improvement. Subclinical rejection (SCAR) is defined as histological rejection in the absence of clinical evidence of altered graft function diagnosed on protocol biopsies and logically one might expect that early detection would lead to improved outcomes. In most patients, with modern immunosuppression regimes, there is little evidence that treatment of SCAR improves outcomes and a clear link between SCAR and chronic rejection has not yet been proven 67. There are multiple reasons for this: there is no large multi-centre prospective study; the induction, baseline and maintenance immunosuppression regimes vary in studies; some protocol biopsies are actually indication biopsies and thus cannot show SCAR; and the Banff criteria was designed for diagnostic biopsies and not for protocol biopsies where the findings may not fit with the criteria 68. Protocol biopsy practice varies significantly between countries but also between centres in the same country 69. There is randomised control trial evidence that there is no benefit from protocol biopsies performed within the first 6 months of transplantation in low risk patients on a standard immunosuppressive regimen 67 and a recent large Nordic study demonstrated limited value for one-year protocol biopsies at detecting either sub-clinical or borderline TCMR in low risk patients 70. There are two clinical settings where protocol biopsy is of value. In delayed graft function (DGF) there is increased risk of graft failure; ‘silent’ acute rejection may account for a significant proportion of this increased risk 71. In a more specialised setting, in very high and high immunological risk patients, if SCAR is detected this should be treated as it may improve outcome 72,73. The optimal timing and frequency of protocol biopsy is not clear but we suggest that it be considered in the clinical settings outlined above at days 7-10 for DGF. In high risk transplants, protocol biopsy will typically be at 3 months.
It is recommended to stain all biopsies for C4d and to send a serum sample for detection of human leukocyte antigen (HLA) specific antibodies to facilitate diagnosis of acute antibody mediated rejection in line with joint BSHI/BTS guidelines and those of The Transplantation Society 73. Immunohistopathologic evidence of recent interaction of antibody with the vascular endothelium is necessary for the diagnosis and this may include, but is not limited, to C4d positivity. The Banff criteria were revised in 2022 to acknowledge the occurrence of “probable” antibody mediated rejection in the absence of detectable C4d staining but in conjunction with detectable donor-specific antibodies and micro-vascular inflammation below the MVI threshold 74 .Conversely, diffuse C4d staining may occur in the absence of morphological evidence of active rejection or graft dysfunction, primarily in ABO incompatible transplantation. 
There is ongoing work with the Banff Molecular Diagnostics Working Group, amongst others, exploring the use of innovative non-invasive biomarkers of rejection that may in time allow integration of different methods into the diagnosis of rejection 75–79. This updated guideline however does not make any recommendations on the use of novel techniques for diagnosing rejection due to the lack of widespread availability outside of clinical trials/research 69,80. 

Guideline 3.2 – KTR: Treatment of acute rejection
Acute rejection is defined as the acute worsening of allograft function with concomitant histopathological changes. It can be T-cell-mediated (TCMR) or antibody-mediated (AMR), or a combination of both (mixed). 
The rate of acute rejection in the US at one year for transplants performed in 2022 was 6–11%, compared to 30-40% in the 1990s and 10-20% in the early 2000s 81–83. UK data suggests a similar incidence but there is a lack of consistent reporting through the NHSBT registry.
Systematic reviews and meta-analyses aiming to address best practise treatment for rejection report low to moderate quality data at best. Studies are generally underpowered, lack clinical endpoint reporting, comprise heterogenous phenotypes and/or include limited use of appropriate controls 63. 
A practise shift in standard of care immunosuppression regimes (typically CNI with an anti-proliferative agent ± steroids) can make comparison with earlier outcome data difficult 63. 
Despite this an HLA donor specific antibody (DSA) can give rise to post-transplant AMR as a result of crossing a pre-existing HLA DSA; through an early memory recall response; or it can develop de novo.
Of these three pathways, de novo HLA DSA associated AMR has a higher rate of graft loss and often presents as mixed TCMR/AMR rejection as compared to memory-associated AMR, which typically is a pure AMR phenotype, occurs early posttransplant, and is more responsive to therapy 63,84. 
Rejection may present as clinical, sub-clinical or borderline, and despite a lack of clear guiding evidence, most transplant nephrologists would opt to treat sub-clinical or borderline rejection as long as there are not contra-indications 85. There is conflicting evidence as to whether borderline infiltrates will automatically progress into rejection and evolution of the Banff criteria now means the distinction between borderline changes (“very mild acute rejection”) and acute rejection Grade 1 (“mild acute rejection”) may increase the potential for frequent false negatives 63. 
In a prospective cohort study comparing the outcomes of patients with subclinical inflammation to those without inflammation on protocol biopsies, the group with subclinical inflammation had higher serum creatinine levels, higher chronicity scores on the follow-up biopsy (at 12 months), a greater likelihood of developing de novo DSAs, and a greater likelihood of experiencing clinical rejection episodes requiring treatment during the two-year follow-up period 86.
All patients experiencing an episode of rejection should be assessed for treatment concordance; including assessment of patient understanding, absorption issues or pharmacological interactions, and current immunosuppression should be optimised. 
Guidelines 3.2.2, 3.2.3 & 3.2.4 KTR – Treatment of acute rejection - Optimising immunosuppression for all types of rejection
Patients prescribed a steroid free regime should have corticosteroids added to their regime as per KDIGO recommendations.
Patients taking azathioprine should be switched to mycophenolate in the absence of contra-indications. There is RCT evidence that the addition of MMF to the post-rejection immunosuppression regimen, or replacement of azathioprine with MMF, will help to prevent subsequent acute rejection 87. An RCT (N = 221) comparing treatment outcomes of first rejection outcomes in patients taking MMF to those taking azathioprine showed those receiving MMF had fewer subsequent rejection episodes, and graft survival at 3 years was better in the MMF group 87,88.
However, the type of rejection was poorly defined and the study was not statistically powered to detect significance beyond the 6 month follow up.
Increasing target trough level of CNI should be carefully weighed in terms of increased adverse effects. A systematic review showed that that increasing the exposure to tacrolimus added little to no benefit except where patients were non adherent 89.
Consideration should be made to switching ciclosporin to tacrolimus in the absence of contra-indications.
KTR: Treatment of acute rejection - T Cell Mediated Rejection
There is a lack of good quality evidence supporting any one clear strategy over another, as a result of this the approach to managing acute T-cell mediated rejection (TCMR) varies between transplant centres 90. 
In a systematic review of literature assessing response to treatment in TCMR (all therapies), it was noted that different criteria are used to define response, introducing significant limitations. However, pooled data suggests similar therapeutic response in Banff IA, IB rejections (44–73%) and Banff IIA rejections (52–80%), but notable significantly lower in Banff IIB rejections (10%) 91. 
Guideline 3.2.5 KTR – Treatment of acute T cell mediated rejection - Corticosteroids
Corticosteroids act by inhibiting cytokine transcription by blocking transcription factors, such as NF-kβ and activator protein-1, leading to downstream effects of T-cell depletion (by IL-2 inhibition), inhibition of T-Helper 1 differentiation and apoptosis, eosinophil apoptosis, and macrophage dysfunction 92. 
Corticosteroids should be considered first line treatment for acute TCMR given high probability of efficacy with low-moderate risk of toxicity with around 70-75% of acute TCMR IA and IB rejection episodes responsive to high dose corticosteroids 81,90.
Optimal regime for steroids has not been determined and there is a lack of data comparing oral versus intravenous corticosteroid administration 93 but typically 500mg of intravenous (IV) methylprednisolone is administered daily for 3 days followed by an oral prednisolone taper 90. 
Maintenance steroids should be added in steroid-free patients undergoing acute rejection of any type, however, there is paucity of evidence around optimal dosing.
Guideline 3.2.6 KTR – Treatment of acute T cell mediated rejection - T-cell Depleting Agents (TDAs)
TDAs are shown to be more effective than corticosteroids alone in improving kidney function and preventing graft loss for first acute cellular rejection episodes 94,95. However the majority of this data is from single centre retrospective cohort studies published more than 20 years ago. Evidence is also limited by changes in Banff classification, and it is now considered that the majority of Banff class I lesions respond to corticosteroids, whereas TCMR involving lymphocytic infiltrate of vasculature (Banff class II and II) may be more responsive to TDAs 94.
T-cell depleting agents can be either monoclonal (alemtuzumab, OKT3) or polyclonal (thymoglobulin). Older studies compared monoclonal TDAs (specifically Muromonab-CD3, OKT3) with polyclonal TDAs and results showed little or no benefit of monoclonal TDAs (predominantly OKT3) over polyclonal thymoglobublin, but OKT3 is no longer commercially available. Instead, the only monoclonal T cell depleting agent, currently commercially available is anti CD52-specific monoclonal antibody; Alemtuzumab 95.
Five small case series’ with a combined cohort of 88 patients reported benefits of alemtuzumab for antibody mediated rejection, but only one compared alemtuzumab to rATG 96. 
A 2020 Dutch retrospective analysis of two cohorts (n=224), using propensity scores to control for baseline differences, examined outcomes between 2002 to 2012 following treatment for glucocorticoid-resistant, recurrent or severe acute TCMR (Banff IIa or higher) and compared those who received alemtuzumab with those who received rATG 97. 
Patient and allograft survival of patients treated with either alemtuzumab or rATG were not different [HR 1.14, 95% CI 0.48–2.69, p = 0.77, and HR 0.82, 95% CI 0.45–1.5, p = 0.52, respectively) 96. Furthermore, infection-free survival after alemtuzumab treatment was similar compared with that of rATG treated patients (HR 0.41, 95% CI 0.25–0.68, p < 0.002). CMV reactivation occurred in 25 patients treated with alemtuzumab, compared to 27 patients in the rATG group (p = 0.10). In both the alemtuzumab- and rATG-treated groups, two patients experienced a primary CMV infection (p = 0.50).
Dosing of rATG was different to the standard practise described below where patients received a single dose of 4mg/kg (actual body weight) which may account for some of the infusion related adverse events. 
This study suggested that alemtuzumab offers advantages in terms of cost-effectiveness, reduced infusion reactions and shorter length of stay (median 3 days with alemtuzumab versus 15 with rATG) along with administration via subcutaneous route rather than intravenous injection. However, standard induction therapy changed during the retrospective period which limits the translation to practise 96.  
A follow up study by the same group looking at patient outcomes from 2012 to 2022 included 225 patients treated with alemtuzumab for rejection and determined that alemtuzumab remains an effective treatment for severe kidney transplant rejection 97. However, they found it is associated with long lasting lymphocyte depletion (272 days for T cells and 344 days for B cells) which translated to frequent infections, (including CMV and EBV) and worse patient survival outcomes. 18.7% of alemtuzumab treated patients subsequently developed malignancies compared to a malignancy rate of 19.6% in the reference group (which included patients not undergoing rejection) but the patient groups were not equal in size. This study did not compare alemtuzumab with rATG and was focussed on the longer term outcomes post alemtuzumab treatment. 
Thymoglobulin is a multimodal polyclonal T cell depleting agent, predominantly targeting T cell antigens. The complement-dependent T cell lysis in the intravascular compartment (i.e. blood) and the phagocytosis of T cells by macrophages in peripheral and secondary lymph nodes are regarded as the primary mechanisms of action of thymoglobulin 94.
A Cochrane systematic review of 31 RCTs demonstrated better outcomes for any TDA over corticosteroids in reversing acute cellular rejection (RR 0.50, 95% CI 0.30 to 0.82) and reduced graft loss (RR 0.80, 95% CI 0.57 to 1.12) but found little or no difference in preventing subsequent rejection (RR 0.70, 95% CI 0.50 to 0.99) and patient death at one year 95. TDAs increase risk of post treatment infections (including cytomegalovirus disease) and increase incidence of infusion reactions compared to corticosteroids. 
There are two thymoglobulin preparations available in the UK; rabbit-derived (rATG; Thymoglobulin) and equine-derived (eATG; ATGAM)  
Therapeutic dosing is usually guided by lymphocyte levels, aiming to maintain lymphocytes <0.2 although peripheral CD3 counts can also be used to monitor response. Thrombocytopenia is a common adverse effect. 
The optimal ATG dosing schedule to achieve lymphocyte depletion in both peripheral blood and secondary lymphoid tissues (spleen and lymph nodes) has yet to be determined but thymoglobulin is typically dosed at 1-1.5mg/kg per dose for 7-14 doses 20 and is associated with reversal of both TCMR and aAMR in 50-90% of patients 94. 
There is a theoretical risk of developing anti-ATG antibodies and subsequently reducing, or negating therapeutic potency, but impact of this to clinical practise remains to be established 94.
In patients who develop rATG thymoglobulin antibodies, eATG (ATGAM) can be used at a dose of 10-15mg/kg/day (dependent on lymphocyte count) for 14 days. However, the use of ATGAM is associated with significant side effects, including serum sickness and cytokine release, and it is less well tolerated than rATG thymoglobulin 94.
Reported incidence of CMV disease or reactivation varies but is similar in those treated with monoclonal (38%) and polyclonal (49%) TDAs 94,96 and we recommend patients receiving TDA’s receive prophylaxis with valganciclovir according to unit protocols.
Guideline 3.2.7 KTR – Treatment of acute rejection - Acute Antibody Mediated Rejection 
There is limited high quality evidence for effective treatments for acute Antibody Mediated Rejection (aAMR). Therefore practise varies between, and sometimes within, transplant units in the UK. 
Therapeutic options can be classified by mechanism of action and treatment typically involves a combination of therapies 90,98–100 
· Extracorporeal DSA removal (plasmapheresis/Immunoadsoprtion)
· Reducing DSA production (anti-T cell/B cell apoptosis; ATG, anti-B cell; rituximab, anti-plasma cell; bortezomib, splenectomy)
· Reducing DSA injury (blocking complement activation; eculizumab)
· Or working at multiple levels (IVIg, anti-T cell/B cell apoptosis; ATG, corticosteroids)
Existing randomised controlled trials in aAMR have been undertaken in heterogenous populations, have been underpowered and of low quality. Despite limited high-quality evidence of effectiveness in clinical trials, plasmapheresis and IVIg have become the standard of care for the treatment of aAMR 90,99–101. 
A large number of clinical trials are currently underway looking at emerging therapies for aAMR. Existing cellular targets include IL-6 receptors (tocilizumab [NCT04561986], clazakizumab [NCT03380377]), Anti-CD20 (obintuzumab [NCT02586051]), proteosome inhibitors (bortezomib [NCT01873157, NCT03737136, NCT02201576], carfilzomib [NCT02442648]), anti-B lymphocyte simulators (belimumab [NCT01536379]) and recombinant cysteine protease (imlifidase [NCT03897205]), with further work looking at CD38 blockade (daratumumab [NCT05913596, NCT04204980]).
Guideline 3.2.7 KTR: Treatment of acute antibody mediated rejection – Corticosteroids
As for TCMR, corticosteroids should be standard of care for any rejection episode 99, in part to mitigate inflammatory response, and in part to also treat any concomitant TCMR. Corticosteroids may allow initial optimisation of immunosuppression and are readily accessible, whilst diagnosis is confirmed. 
Guideline 3.2.8 KTR: Treatment of acute antibody mediated rejection - Plasmapheresis
Plasmapheresis directly removes DSAs from the serum in a predictable manner. However, since DSAs are only removed from the vascular compartment, there is re-equilibration with the interstitium over time, increasing the DSA levels in the serum again. This equilibrium process takes about 48 hours, therefore plasmapheresis is typically spaced every 48 hours 90.
Consecutive plasmapheresis may rapidly remove existing antibodies and may be appropriate initially to rapidly remove existing antibodies 102. 
It is worth noting that the inclusion criteria, primary endpoints, and duration of follow-up varies considerably among studies and the lack of success observed in some older trials may be attributed to what would now be considered less potent immunosuppressive strategies, rather than failure of plasmapheresis 90,101. 
Although mainly based on small uncontrolled series, plasmapheresis, as part of combination therapy might be effective in reversing C4d-positive aAMR 103. 
KTR: Treatment of acute antibody mediated rejection - Immunoadsorption 
Immunoadsorption (IA) is an alternative strategy to plasmapheresis for efficient and highly specific anti-body depletion 99. Uncontrolled reports suggest potential efficacy of immunoadsorption in C4d-positive aAMR 103. At present there is no evidence that one particular method of extracorporeal antibody removal produces superior clinical outcomes 98,99.
KTR: Treatment of acute antibody mediated rejection - Intravenous Immunoglobulin (IVIg)
IVIg has immunomodulatory properties by inhibiting B and T cell proliferation, suppressing the production of anti-HLA antibodies, modifying complement activation and enhancing clearance of pathogenic IgG 100. IVIg is considered standard of care, alongside plasmapheresis and corticosteroids 99,104. 
Low dose IVIg is thought to inhibit endogenous antibody rebound after plasmapheresis removal and restores protective antimicrobial IgGs 90. 
A retrospective paired cohort study with mean follow up of 7 years found that patients who received IVIg had improved graft survival compared to those who did not. A further, smaller study compared high dose IVIg monotherapy to combination of low dose IVIg with plasmapheresis, and anti-CD20 therapy and found higher graft survival in the combination group90. However, these studies are old, with significant variation in immunosuppressive practise from current theory and containing small patient numbers in poor quality cohort studies. There are no recent, large, randomised controlled trials of IVIg in aAMR to inform practise.
KTR: Treatment of acute antibody mediated rejection - Anti-CD20 Monoclonal antibodies
Rituximab is a monoclonal antibody directed against the CD20 antigen on the surface of B lymphocytes 100. Rituximab works by depleting B cells, which are precursors of plasma cells that produce DSA. 
A systematic review and meta-analysis from 2018 found only two RCTs and a further 2 non-controlled studies (total study population 168) and failed to demonstrate any benefit from rituximab in addition to that seen with plasmapheresis and IVIg 101. 
The RITUX-ERAH study, a French, multi-centre, double-blinded trial, evaluated both short and long term outcomes for rituximab in 2020. All 38 patients, with aABMR in the first year post-transplant received plasma exchange, IVIG and corticosteroids, and 27 were randomised to receive rituximab in addition This study also failed to demonstrate any statistical difference in either renal function or graft survival at 12 month or seven year follow up 105. Webster et al also found that rituximab plus steroids probably increases the risk of urinary tract infection/pyelonephritis (RR 5.73, 95% CI 1.80 to 18.21) compared to treatment without rituximab 95.
The 2019 expert consensus guidelines identified a further small scale randomised trial but also concluded that despite frequent use, prospective studies show evidence for use of rituximab is low and fails to demonstrate any clear benefit 99. 
Several retrospective analyses have suggested some positive effects of rituximab in multi-modal treatment regimens (together with steroids, plasmapheresis and IVIg), and a single centre non randomised study suggests rituximab may prevent DSA rebound as part of a desensitisation protocol. However, optimal doses, number of treatment cycles and effect on patients without vascular AMR remain unclear. 
Obinutuzumab is an experimental anti-CD20 monoclonal antibody which works by depleting B cells and promoting cell lysis by triggering the complement of both complement dependent cytotoxicity (CDC) and antibody-dependent cellular cytotoxicity (ADCC) 106.
When compared to rituximab, obinutuzumab appears to offer more profound B-cell depletion and shows promise in B-cell depletion for desensitisation in highly sensitized patients. However, it is associated with an inconsistent reduction in anti-HLA antibodies and evidence is limited to case series 106.
Whilst B cell depleting therapies such as rituximab remain of interest, and KDIGO 2009 recommends rituximab should be considered as a treatment option, there is insufficient evidence to recommend in standard practise and its place in therapy remains to be established 99. 
KTR: Treatment of acute antibody mediated rejection - Complement Inhibitors
Activation of the classical complement pathway is responsible for downstream effects of DSA and is thought to be a significant factor in the manifestations of aAMR 98–100,106.
Eculizumab, a monoclonal antibody that targets complement 5, and Complement-1 esterase inhibitors (C1 INHs) are proposed to prevent and/or treat aAMR, with varying degrees of effectiveness. 
Several case reports describe successful use of eculizumab in severe or refractory cases of aAMR in HLA- or ABO-incompatible kidney transplants 106, and it shows promise as an add on therapy to existing strategies.  
C1 INH has been studied in the treatment of aAMR non-responsive to standard treatment 106 with conflicting response. Studies are small, low quality and an early study in 2019 ended early due to futility. 
There is insufficient data to recommend either complement inhibitor as standard practise but eculizumab may be considered as an add on option to refractory AMR.
KTR: Treatment of acute antibody mediated rejection - Proteosome Inhibitors
Proteosome inhibitors such as bortezomib (first generation) and carfilzomib (second generation) are thought to decrease alloantibody-producing plasma cells and are of interest in the treatment of aAMR 100,106.  
A placebo-controlled RCT (n=44)  showed that two cycles of bortezomib was no more efficacious than placebo at preventing a decline in GFR, improving histologic or molecular disease features, or at reducing DSAs in patients with  aAMR107. 
Combining proteosome inhibitors and co-stimulation blockers has shown encouraging results in the prevention of aAMR in animal models and is now being investigated in humans100.
The place of proteosome inhibitors in therapy remains to be established and there is currently insufficient evidence to recommend these agents. The risks and benefits, particularly of biologic therapies, must be considered on an individual basis 98. 
KTR: Treatment of acute antibody mediated rejection - Splenectomy
Surgical splenectomy is not routinely performed although some centres may consider it as a salvage procedure for aAMR refractory to IVIG and/or plasmapheresis. Small case series data shows reduction in serum creatinine and improving urine output within 48 hours of splenectomy 90. However, there is a lack of evidence supporting both safety and efficacy of splenectomy and therefore it is not routinely recommended.
KTR: Treatment of acute antibody mediated rejection - IL-6 receptor inhibitors
IL-6 receptor inhibitors show promise for treatment of aAMR. They are shown to reduce the development, maturation, and activation of T cells, B cells and plasma cells 100,106,108,109 which in small scale observational case series translates to a significant reduction in DSA levels.
Tocilizumab is the most widely studied, humanized monoclonal antibody targeting IL-6 and clazakizumab is genetically engineered. 
There is, however, a lack of high quality, large scale randomised controlled trials comparing IL-6 receptor inhibitors to standard of care and most literature supports evidence for cAMR , not aAMR.
A literature review from 2022 found a total of 117 patients treated with tocilizumab for AMR, but of these only one study was specific to aAMR, comprising 7 patients in a case report115.
This single centre observational study evaluated renal function and DSA level reduction following tocilizumab treatment, showing improved, or stabilised, renal function in all 7 patients and ≥50% reduction in DSA level was seen in 4 patients. However, these patients all received various combinations of anti-CD20, TDA’s and corticosteroids 109 which makes the results difficult to extrapolate to clinical practise. 
Recurrent rejection was noted in 3 patients who received less than 6 months therapy with tocilizumab suggesting a role in desensitisation or cAMR rather than aAMR. Hypogammaglobulinaemia also frequently occurred (likely due to tocilizumab’s effect on B cells and plasma cells).
Clazakizumab, is currently strictly investigational although it is proposed to reduce rebounding antibodies and rejection more effectively than other IL-6 receptor antibodies, which may make it suitable for cAMR 106, but is lacking large scale clinical studies to determine a place in therapy.
The evidence for IL-6 receptors inhibitors is mostly small scale, non-randomised, retrospective studies and further large scale studies are required to establish routine place in treatment. But tocilizumab may be considered in refractory cases of aAMR, where careful consideration to the infection risks is made but there is insufficient evidence to recommend its place in routine treatment. 
KTR: Treatment of acute antibody mediated rejection - Daratumumab
Daratumumab is a first in class, humanised monoclonal antibody targeting CD38 with several mechanisms, targeting regulatory T- and B-cells and killer cells 100.
Clinical trials show an adverse effect profile similar to IL-6 receptor blockers, including infusion related reactions, volume overload, hypogammaglobulinaemia, myelosuppression, GI upset and infection 106. Studies also reveal a concern around resistance and the development of antidrug antibodies.
Daratumumab case studies report benefits in both desensitisation programs and in the treatment of aAMR but there is insufficient evidence to recommend in standard practise.
KTR: Treatment of acute antibody mediated rejection - Belimumab 
Belimumab is a humanised anti-B-lymphocyte stimulator (BlyS) IgG1 monoclonal antibody, which inhibits B-cells, in turn reducing chronic inflammation and tissue damage 106. 
Overexpression of BLyS can lead to autoimmunity and in kidney transplant recipients high serum concentration of BLyS is shown to be associated with the development of de novo DSA and increased risk of aAMR. Belimumab in active aAMR is on the whole not well studied and there is insufficient evidence to recommend in standard practise.
KTR: Treatment of acute antibody mediated rejection - Imlifidase 
Imlifidase is an IgG-degrading endopeptidase that cleaves all 4 IgG antibodies 100 thought to rapidly reduce or even eliminate anti-HLA DSA, and effectively blocks complement-dependant cytotoxicity (CDC). Recently established for desensitisation in highly sensitised transplant recipients, it is currently undergoing clinical trials in aAMR 106. Imlifidase may however be limited by risk of antibody rebound, including anti-imlifidase antibodies, DSA and total IgG, and significant drug-drug interaction because imlifidase also cleaves most induction therapies necessitating appropriate separation of the two. There is insufficient evidence to recommend in standard practise for aAMR.
[bookmark: _Toc213749037]4. Kidney Transplant Recipient (KTR): Chronic Allograft Injury (Guidelines 4.1 – 4.4)
Guideline 4.1 – Definition of Chronic Allograft Injury
Ten-year graft death-censored survival after deceased kidney donation is around 72-76% and 83% after living kidney donation 110. The understanding of late allograft failure has evolved over recent decades. Historically, it has been attributed to chronic rejection. However, we now know that chronic allograft injury is multifactorial and can be due to various aetiologies that may require different interventions and have different prognoses 111. It used to be called chronic allograft nephropathy (CAN) and chronic allograft damage. 
Interstitial fibrosis (IF), tubular atrophy (TA) and glomerulosclerosis are the hallmarks of chronic allograft injury. Still, these are manifestations of chronic allograft insults leading to common mechanistic pathways rather than being pathognomonic of the underlying entity 112. These include chronic alloimmune injury, infections (including BK nephropathy, recurrent urinary tract infections and obstruction), recurrent or de-novo glomerular disease, as well as diabetes and hypertension. Donor vasculopathy, prolonged delayed graft function and reperfusion injuries at the time of transplantation also contribute to the overall picture of chronic allograft injury 111,113.
Chronic allograft injury can therefore be defined as a slow, progressive decline in graft function beyond the first year of transplantation, ultimately resulting in graft failure 114. There is no consensus on defining a clinically significant decline in eGFR or graft failure. Indeed, different definitions have been used as endpoints in studies and trials 115,116.
Guideline 4.2 – Detection of CAI
Creatinine and proteinuria are routinely used in clinics as readily available biomarkers to detect allograft dysfunction. KDIGO and BTS guidelines recommend monitoring renal function every 3-6 months after the first 12 months post-transplantation 117. However, monitoring creatinine and proteinuria has limited utility in predicting graft failure as these markers are nonspecific and lack sensitivity for early graft injury 118,119. There may have already been substantial and irreversible damage accrued by the time there is a clinically evident decline in eGFR 111,120. In one study, protocol biopsies performed at one year showed an elevated chronic allograft damage index in 60% of patients, while only 20% of patients had elevations in creatinine 121. Several non-invasive urinary and circulating biomarkers, including chemokines and microRNA, have been associated with graft dysfunction; however, their validity in clinical practice is still being evaluated 122,123.
On the other hand, various predictors associated with poor graft outcomes have been identified, particularly regarding alloimmune injury. The link between treatment non-compliance, donor-specific antibodies (DSA) and inferior graft survival has been established 124,125. Higher HLA mismatches are also linked with a higher risk of graft loss 126. The DeKAF study identified inflammation in areas of tubular atrophy on indication biopsies and DSA+ C4D+ biopsies to be associated with higher death-censored graft loss 127. 
The recently published integrated risk prediction score (iBox) uses eight prognostic factors (functional, histological, and immunological) to predict graft failure 128. Such prediction tools may provide an opportunity to stratify patients into clinically meaningful risk groups and help guide surveillance. This may lead to early identification of graft injury and prompt intervention. These tools can also be particularly useful as surrogate endpoints of graft failure. They can be used to objectively measure the effect of medical interventions in daily practice and clinical trials. However, they are not yet universally available for clinical practice in most countries and trusts. 
Guideline 4.3 – Investigation of CAI
Elevations in creatinine and detection of proteinuria are the main biomarkers used in clinical practice that indicate graft dysfunction. However, they are non-specific. As a result, a kidney biopsy should be performed when there is an unexplained rise in creatinine and/or proteinuria to identify the underlying aetiology and any reversible causes 99. Kidney allograft biopsies should be interpreted in line with the latest Banff criteria (currently the 2022 update), and staining for C4d is an important contributor towards a histological diagnosis of antibody-mediated rejection (ABMR) 68. Staining with SV40 is helpful towards the diagnosis of BK viral nephropathy and is routinely done in clinical practice. However, the universal staining with SV40 may not be necessarily cost-effective, particularly in resource-limited scenarios 129,130.
The presence of donor-specific antibodies is also contributory to establishing a diagnosis of antibody-mediated rejection according to the Banff criteria, and therefore, it should be available at the time of biopsy. A BK viral load may guide management and indicate treatment response in the context of BK nephropathy 129. Serial CNI trough levels should also be analysed. This may act as a surrogate marker of non-adherence or may suggest CNI toxicity if levels are high and no other cause for graft dysfunction is identified. Intra-patient variability in tacrolimus levels has been associated with inferior graft outcomes 131.
Magnetic resonance imaging (MRI) has also been evaluated as a potential non-invasive modality to diagnose CAI and quantify IF. However, renal biopsy remains the gold standard to diagnose CAI and identify the underlying aetiology. There is currently insufficient evidence to recommend MRI in the diagnosis, surveillance and management of CAI in clinical practice 132,133.
Guideline 4.4 – Management of Chronic Allograft Injury
Once chronic AMBR has been established, with lesions such as transplant glomerulopathy, PTC multilayering and arteriolar thickening, there is little evidence to recommend a particular treatment regime at the time of writing. This reflects, in part, the heterogeneity of pathogenic mechanisms contributing to chronic alloimmune injury. There is now a much-improved understanding of the diverse immunopathological mechanisms that can lead to chronic alloimmune injury; including antibody-dependent and antibody-independent pathways, complement-dependent and complement-independent injury, and non-HLA–mediated mechanisms; these processes often converge on similar histological patterns of chronic damage. Therefore, while features such as microvascular inflammation (MVI) in the presence of chronic injury may suggest ongoing or recent antibody-mediated activity, these histological findings do not necessarily identify the dominant underlying pathogenic process at the time of diagnosis. Consequently, treatment strategies targeting specific aspects of the immune system have shown variable and often limited efficacy, particularly once established chronic structural damage is present134. . 
Past studies with IVIG and PLEX with or without rituximab 135–137, rituximab monotherapy 138, as well as complement inhibition 139 and proteasome inhibitors 140 have no effect on the outcomes of chronic ABMR. Studies using IL-6 antagonists have been promising, but further trials are needed before there is sufficient evidence for their recommendation 141,142. The INTERCEPT trial is currently evaluating the effect of tocilizumab in chronic-active ABMR143]. 
A recent phase II safety trial investigating the CD38 monoclonal antibody felzartamab demonstrated promising results in patients with late ABMR. The median time from transplantation to trial inclusion was 9 years, and 68% of participants had chronic-active ABMR. By week 24, 82% (9 of 11) of patients receiving felzartamab showed resolution of ABMR on biopsy, accompanied by reductions in MVI and transcript scores; however, ABMR recurred in three patients by week 52. Importantly, this study provided evidence for the involvement of Natural Killer (NK) cells in ABMR pathogenesis, suggesting that modulating their activity may represent a potential therapeutic target144. Further studies are needed before any formal recommendations can be made. The most recent Transplant Society Working Group consensus statement suggests optimisation of immunosuppression and supportive care through blood pressure and glucose control 99.
There has been a paradigm shift over the last years regarding the prevalence of CNI toxicity in chronic allograft injury. While chronic CNI toxicity is well recognised, studies have shown that most grafts are lost secondary to chronic rejection 145. Reduction of immunosuppression in this context can worsen the trajectory of graft function loss. Various CNI sparing protocols have been investigated and trialled in the past. However, most were associated with an increased risk of biopsy-proven rejection 146. In the BENEFIT and BENEFIT- EXT trials, de novo use of belatacept was associated with a higher risk of acute rejection compared to ciclosporin. However, long-term data show comparable outcomes to cyclosporin, with sustained improvement in eGFR levels noted in the belatacept group. Moreover, patients on belatacept had a significantly lower incidence of dnDSA than those on ciclosporin 56,147. In another trial, switching from CNI to belatacept in low immunological risk transplants was also associated with a numerically higher risk of acute rejection, however, graft outcomes at 3 years seem to be comparable, with improved eGFR in the belatacept-treated group 148. In a small observational study, conversion to belatacept in high-immunological risk recipients with CNI toxicity appeared safe 149. More recent data have also shown that patients who were converted to belatacept post-transplant had lower risks of graft failure while having similar safety outcomes compared with patients on CNI 150.
The TRANSFORM study showed that use of everolimus with reduced-dose tacrolimus was non-inferior to standard immunosuppression with standard-dose tacrolimus + MMF at 2 years in terms of graft outcomes. However, this study had a higher discontinuation rate in the everolimus arm because of adverse events and patients with higher immunological risk transplants were excluded from the trial 151.
BK virus nephropathy (BKVN) occurs in up to 10% of renal transplant recipients and can result in graft loss in up to 50% of those affected 152. In patients with kidney dysfunction, BK viral loads should always be taken, and kidney biopsies should be stained for SV40. If untreated, BK nephropathy can progress to interstitial fibrosis and tubular atrophy and subsequent graft loss. Management of BK nephropathy is discussed in detail in Guideline Section 8.6.
Supportive management of chronic allograft nephropathy should also include control of blood pressure and diabetes. The reader is referred to chapter 5 in this guideline for further recommendations on the management of cardiovascular risk factors.



[bookmark: _Toc213749038]5. Kidney Transplant Recipient (KTR): Cardiovascular disease - hypertension, diabetes, cholesterol (including lifestyle and exercise) 
Guideline 5.1 – Hypertension
Hypertension is the most common comorbidity among KTR, affecting up to 80% of patients 153, with percentages rising to 95% when ambulatory blood pressure monitoring (ABPM) is utilised for diagnosis 154. The pathogenesis of hypertension post-transplant is multifactorial. Poor graft function with associated sodium and water retention and renin-angiotensin-aldosterone system (RAAS) activation, as well as immunosuppressive agents, can exacerbate pre-existing hypertension or lead to a new presentation.
Poorly controlled blood pressure (BP) in KTRs is associated with increased cardiovascular events, poor graft function and increased mortality 155–157. Therefore, appropriate diagnosis and management is crucial. Several studies over the recent years have suggested that masked hypertension is more common among KTRs compared to general population, and can be inadvertently misdiagnosed for normotension, if only clinic BP readings are utilised as opposed to complementary ABPM 154,158,159. It appears that KTRs may more frequently present as non-dippers with an average prevalence of 54% shown in a recent meta-analysis 157. Of note, a study has showed that high night-time BP may be a stronger predictor of graft function 160.
The optimal target BP in KTRs has been a topic of discussion. The previous version of this guideline had recommended a target of 140/90 mmHg or 130/80 mmHg with proteinuria based on observations made from retrospective registry studies and in accordance with the previous NICE guideline on CKD management 161.
KDIGO has adopted a more aggressive approach in therapeutic targets of BP in KTRs since 2009, setting the target BP at <130/80 mmHg 36, which was again the recommended cut-off for KTRs in 2021 KDIGO guidelines on BP management in CKD 162. The same target was recommended by the 2023 European Society of Hypertension guidelines, endorsed by the International Society of Hypertension (ISH) and the European Renal Association (ERA) 163. 
Indeed, observational studies have demonstrated that BP below that target, is associated with improved graft outcomes 164 and survival 165.
The Systolic Blood Pressure Intervention Trial (SPRINT) 166, though not having included KTRs in its population, has provided valuable insight of the benefits of aggressive BP control in the general population and a subgroup of CKD patients, along with sparking a lot of discussion on how BP is assessed in clinical setting and what is a pragmatic approach in real life.
Both KDIGO 162 and the UK Kidney Association (UKKA) 167 have emphasised the importance of a standardised method of BP measurement 168 with UKKA calling out the UK physicians to make necessary adjustments to their practice to enable this. This is further supported by a small study in transplant recipients 169. 
The results of SPRINT, though not involving KTRs raise the question as to whether a nadir BP target should also be set, given the higher occurrence of acute kidney injury episodes in the intensive treatment group 170. The vast majority of episodes were mild and reversible 171, but given the specific characteristics of a transplant versus a native kidney, namely lack of innervation in a single kidney, possibly it is advisable to err towards the side of caution when it comes to persistent SBP readings of <120 mmHg, esp. in the context of old age and polypharmacy, and consider whether any modifications need to be done. In that sense, BP should be a treatment parameter that is actively and regularly reviewed and acted upon in routine transplant care.
As in general population, the first step in hypertension management should be lifestyle modifications, esp. in relation to salt intake and exercise 172 (also see section 6.6). The Dietary Approach to Stop Hypertension (DASH) diet has been independently associated with reduced risk of graft function decline and all-cause mortality in KTRs 173. 
Regarding the optimal pharmacological treatment strategy, there are no large scale head-to-head RCTs comparing different antihypertensive agents in KTRs. The best available evidence comes from meta-analyses which reviewed the smaller RCTs available. The most consistent finding is a possible protective effect of calcium channel blockers (CCBs) with up to 42% graft loss reduction 162,174,175, which may be related to a counter-acting effect on vasoconstrictive action of CNIs. 
There is less consistency about the effects (beneficial or adverse events) of angiotensin-converting enzyme inhibitors (ACEI) and angiotensin receptor blockers (ARBs) in KTRs beyond BP lowering. 162,175. However, this might result from a lack of well-designed large-scale trials in this population, given that the antiproteinuric, renoprotective, and cardioprotective actions are well-established in the non-transplant population, including CKD patients.  Therefore, though a dihydropyridine CCB could be a first-line agent, priority should be given to a patient-tailored approach achieving optimal BP control with the least side-effects. 
For those presenting with resistant hypertension, along with considering the possibility of transplant renal artery stenosis and rarer causes of secondary hypertension, e.g. primary aldosteronism or phaeochromocytoma, adherence should be discussed with the patient 172. This is of particular importance for KTRs because polypharmacy is a significant concern for a large proportion of the population, especially in the first months post-transplant. In this context, support from a pharmacy service in the transplant centre or community may be warranted and helpful. 
Guideline 5.2 – Dyslipidaemia
Dyslipidaemia is common among KTRs, mainly driven by immunosuppressive agents such as corticosteroids, ciclosporin (more so than tacrolimus), sirolimus and everolimus 176, which have a negative impact on lipid metabolism. Abnormalities observed may include any of the following; increase in levels of total cholesterol (TC), very-low-density lipoprotein (VLDL)-cholesterol, low-density lipoprotein (LDL)-cholesterol and triglycerides (TG), decrease in high-density lipoprotein (HDL)-cholesterol and change in size and consistency of LDL towards the more atherogenic small-dense LDL particles. 
It is well-established that individuals with moderate to severe renal impairment are considered at high or very high cardiovascular disease risk, and risk estimate prediction tools do not apply 177,178. Moreover, the European Society of Cardiology (ESC) in their 2019 Dyslipidaemia guidelines acknowledge the dyslipidaemia burden in solid organ and allogenic haemopoetic stem cell transplant recipients, and they recommend that it is managed with statins as in non-transplant patients at high or very high risk for atherosclerotic cardiovascular disease, with specific attention in addressing the cause of the lipid abnormalities and avoiding interactions between drugs. This recommendation is in keeping with the 2014 KDIGO Guidelines 24552851 In terms of LDL-cholesterol targets, this would translate to aiming for a LDL < 1.8 or 1.4 mmol/l for primary prevention. However, the 2021 ESC Cardiovascular disease prevention guidelines recommend a step-wise approach in terms of LDL-cholesterol targets. Though, there is no specific mention to transplant recipients, the recommendation for CKD patients i.e. aiming a LDL-cholesterol target of <2.6mmol/L (100mg/dL) and >/=50% LDL-C reduction as a first step, is probably a reasonable and pragmatic approach to apply to KTRs, balancing aggressive cardiovascular risk reduction with possible drug interactions and polypharmacy 178. Depending on other comorbidities and history of cardiovascular disease, a more intensified treatment approach may be warranted, aiming for an LDL-C <1.8 or even 1.4 mmol/l. 
Nevertheless, the beneficial effects of statins in renal transplant patients are not clearly established, and good quality data are limited. In the Assessment of Lescol in Renal Transplantation (ALERT) study 179, 2102 transplant recipients with elevated baseline cholesterol but no history of cardiovascular disease were randomised to fluvastatin or placebo. After a mean 5.1 year follow up period, cardiac death and non-fatal myocardial infarction rates were significantly reduced in the fluvastatin group by 38% and 32%, respectively. A reduction in the primary endpoint of major cardiovascular event i.e. cardiac death, non-fatal myocardial infarction or coronary intervention, was noted but only became significant in an open label extension study 180. Nevertheless, it should be noted that the fluvastatin dose was increased halfway the duration of the original study following emerging safety data on dosing, and as a result, much lower LDL levels were achieved after the first two years. A systematic review reported that statins were effective in favourably modifying the lipid profile in kidney transplant recipients (11 studies), and may have cardiovascular benefits, though the latter was mainly driven by the inclusion of ALERT and concluded that further studies are required 181. 
Over the last few years, some retrospective studies have failed to demonstrate a cardiovascular benefit from statin use 182–184, despite improvements in lipids 183,184. Nevertheless, there are several reports of improved overall survival in association with statin use in KTRs, including a large US KTR cohort (n=58264); 184–186, while others have not confirmed it 187.
As recommended in the previous version of this guideline, an initial assessment of the lipid profile should be performed no earlier than three months post-transplant, so that a relative stability in doses of immunosuppressive agents has been achieved. Thereafter, measurements should be performed at the same intervals as in the general population, i.e. 8 +/- 4 weeks after any statin dose initiation or change, or annually for routine monitoring. Non-fasting samples can be taken instead of fasting 178.
The choice and dose of statin is more likely to be selected based on safety and the immunosuppressive regimen rather than potency in lowering LDL cholesterol.
Statins are metabolised by the cytochrome P450 microsomal enzyme system and concurrent therapy with inhibitors of this system, such as ciclosporin, and less so tacrolimus, can lead to greater statin exposure and a higher risk of side effects such as myopathy. This risk appears to be greater with simvastatin and is lowest with fluvastatin, pravastatin and rosuvastatin 188. If targets are not achieved or the patient is intolerant to statins, referral to a specialist centre is recommended. Ezetimibe can also be used, either as an adjunct to statin treatment, if targets are not achieved or as monotherapy in case of intolerance to statins; it appears to be safe and effective in renal transplant recipients; 189,190. 
Over the recent years, several new lipid-modifying agents have been developed; Proprotein convertase subtilisin/kexin type 9 inhibitors are in use and there is a small case series in transplant patients which suggested effective and safe use of evolocumab 191. 
Fibrates have a high risk of side effects and are best avoided in renal transplant recipients. There is insufficient evidence regarding the effect of omega 3 in KTRs, though it has been reported that they might increase exposure to sirolimus 192
Guideline 5.3 – Diabetes mellitus
Overall, diabetes mellitus, either pre-existing or newly diagnosed after transplant, is a common occurrence among kidney transplant recipients, and a significant health concern for both patients and health care professionals.  Diabetes mellitus is the leading cause of end-stage renal disease and, even those who proceed to receive a transplant have reduced survival compared to non-diabetic transplant recipients 193. Additionally, kidney transplant recipients without known pre-existing diabetes, may present with post-transplant diabetes mellitus (PTDM) ie.  diabetes diagnosed in the post transplantation setting (regardless of whether it was present but undetected prior to transplantation or not). Even after the 2003 Consensus which defined specific diagnostic criteria194, the reported incidence of PTDM in solid organ transplant recipients seems to vary between 10-40%195, though most recent studies in kidney transplant recipients report an incidence between 25-30% 196,197.
Despite some discrepancies in literature, mainly driven by limitations in study design and definitions, it appears that overall, PTDM is associated with increased cardiovascular and all-cause mortality as well as an increased risk of graft loss 198. Data regarding links to microvascular complications are very limited. From the available evidence, it appears that patients with PTDM are affected to a lesser degree than those with type 1 or 2 diabetes. Two small cohort studies with long follow-up and PTDM duration, reported that none of the patients were affected by diabetic retinopathy 199,200, while it affected up to 20% of a smaller cohort (n=41) 201. Peripheral neuropathy is probably the commonest microvascular complication detected in patients with PTDM 199,200 but the actual percentage depends on the method used for diagnosis 201. 
PTDM develops in the context of a combination of diminished insulin secretion and enhanced insulin resistance with a series of risk factors contributing, some of which are shared with standard type 2 diabetes, while others are transplant specific; differently, they can be categorised to modifiable vs non-modifiable 202. (https://abcd.care/sites/default/files/site_uploads/Resources/Position-Papers/ABCD-RA-PTDM-v14.pdf) 
Immunosuppressive regimes, namely CNIs (tacrolimus more so than cyclosporine) and glucocorticosteroids are well established transplant-specific contributors to the development of PTDM. Tacrolimus seems to have a dose-dependent adverse action on beta-pancreatic cells compromising both insulin secretion and synthesis, as well as peripheral sensitivity 203–205. Glucocorticoids affect glucose metabolism in multiple ways; their use is associated with β-cell dysfunction, increased insulin resistance, enhanced gluconeogenesis in liver and adispose tissue (lipolysis).
Diagnosis
In 2021, the Association of British Clinical Diabetologists (ABCD) and Renal Association issued their first joint guidelines on the detection and management of PTDM in the UK. An important element of the diagnosis which was stressed was the timing after transplant 202. PTDM needs to be differentiated from immediate post-transplant hyperglycaemia, which is very common and occurs within the first few weeks post-transplant and may or may not lead to PTDM. Immediate post-transplant hyperglycaemia is primarily led by factors surrounding the surgery such as high dose intravenous steroids, peri-operative stress, pain etc and is associated with an increased risk of PTDM. Therefore, the ABCD and RA have recommended that a diagnosis of PTDM can be made no earlier than 6 weeks post-surgery with an oral glucose tolerance test (OGTT). Acknowledging challenges in every day clinical practice, they have also recommended that oral glucose tolerance test remains the gold standard diagnostic method for PTDM,  and should at least be “utilised for additional risk stratification and/or diagnostic clarification”. The 2024 International consensus on PTDM also highlighted the invaluable role of OGTT in the diagnosis of PTDM and recommended an – unvalidated – diagnostic algorithm, which involves early identification of at risk patients already from the waiting list and an early OGTT at 10-13 weeks, rather than 6. There is evidence suggesting that PTDM identified early (at 3 months) might reverse 206, though this needs to be confirmed further. The American Diabetes Association (ADA) also recommended that PTDM diagnosis should only be made once stability has achieved post-transplant, without specifying a time frame207.
Overall, the diagnostic accuracy of HbA1c for diabetes may be impacted by a series of factors (eg. Anaemia, duration of glucose exposure, uraemia, acidosis etc) which might be more relevant in the early post-transplant period. Therefore, ABCD and RA recommended that HbA1c ≥6.5% (48mmol/mol) may be used to diagnose PTDM in clinically stable solid organ transplant recipients after the first three months post-transplantation. It was also highlighted that isolated fasting or non-fasting glucose measurements will underdiagnose PTDM in transplant recipients just like in general population, and it was suggested that combining fasting plasma glucose (FPG) ≥7mmol/L and/or HbA1c >6.5% (48mmol/mol) after the first 3 months will identify the majority of cases.  
In relation to post transplant hyperglycaemia it was recommended that afternoon capillary blood glucose monitoring (AGM) is utilised to screen and monitor.  
Management
The management of pre-existing type 2 diabetes in transplant recipients should not differ from non-transplant patients, as long as the level of renal function and infection risk (specifically in relation to SGLT2 inhibitor use) is accounted for 208. Regarding PTDM, the ABCD and RA joint document provides comprehensive guidance on the management. Starting from the early post transplant hyperglycaemia, it is recommended that early insulin therapy is considered as there is some evidence that this might reduce risk of PTDM later on 209.
Consistently with the general population, the recommended glycaemic target is around 7% (53 mmol/mol), but should take into consideration the level of renal graft function, age, co-morbidity, ability to self-manage, and patient preference; this is along the same lines with NICE guidance for type 2 diabetes which recommends involving patients in decision making regarding their target 210.
It is recommended that overall the same principles of treatment should apply as per in type 2 diabetes and should be offered structured diabetes education and care including screening and management of complications. Diet and lifestyle changes play a principal role as in type 2 diabetes. 
With regards to pharmacotherapy, the landscape of glucose lowering therapy in diabetes has completely changed over the recent years following robust evidence of cardiovascular and mortality benefits of SGLT2 inhibitors and GLP1 RAs which have led to changes in international guidelines for diabetes.
The 2021 ABCD – RA guidance recommended metformin as first line for patients with stable eGFR >30 mls/min/1.73m2 and BMI >25 kg/m2, and suggested that other glucose lowering agents (namely sulfonylureas, meglitinides, DPP-4 inhibitors, pioglitazone and GLP-1 analogues) may be used as long as eGFR level and hypoglycaemia risk is accounted for. Metformin use has not been associated with any specific adverse events in transplant recipients 211–213.
With regards to SGLT2 inhibitors it was recommended that they can be used with caution in patients with stable eGFR >30ml/min/1.73m2 and low risk of urinary tract infection, and in collaboration with diabetes specialists. Nevertheless, since then further evidence has emerged especially in relation to SGLT2 inhibitors and GLP1 analogues use in non-transplant patients and their associated benefits on cardiovascular and renal outcomes. Though there are no randomised controlled trials in transplant recipients, there is accumulating evidence from observational cohorts their use is not associated with any specific safety concerns. 
With regards to the use SGLT2 inhibitors use in transplant recipients, the majority of data derives from small retrospective or non-randomised prospective studies. Overall, their use is associated with modest HbA1c and weight reductions, without significant side effects. A small prospective double blinded placebo (n=44) controlled study showed that empagliflozin was efficacious and safe in transplant recipients with PTDM and stable eGFR above 30 214.
In a retrospective, propensity score-matched analysis (total n = 2081) SGLT2 inhibitor use (n=226) reduced the composite outcome of all-cause mortality, death-censored graft failure (DCGF), and serum creatinine doubling without any significant adverse events 215 [ongoing studies – NCT05374291, NCT06140537, NCT04906213].
GLP-1 receptor agonists have been in use for type 2 diabetes for some time now, but it has not been up until the last few years that substantial evidence emerged regarding their cardioprotective and weight-loss benefit. The limited evidence available from experience with transplant recipients suggests improved glycaemic control and weight loss, with gastrointestinal being the most common side effects but no interaction with immunosuppression levels or other safety issues. A recent meta-analysis reported on the safety and efficacy of GLP-1 receptor agonists in renal transplant recipients (n=338) confirmed the above also reporting an improvement in proteinuria 216.
Dipeptidylpeptidase 4 (DPP4) inhibitors have been the most commonly prescribed in the kidney transplant population mainly due to their unrestricted (for linagliptin) use even in severe renal impairment and favourable safety profile 217. The data available suggests that their use in kidney transplant recipients is also associated with modest improvements in HbA1c and a neutral effect on weight without an increased rate of adverse events 217.
As a result, the 2024 International Consensus proposed a treatment algorithm where management is tailored to patients’ background and comorbidities, and use of SGLT2 inhibitors and GLP1 RAs is prioritised against metformin in those who might benefit.
In relation to immunosuppression, ABCD/RA, ADA and the 2024 International Consensus concur that patient and graft outcomes should be prioritised over PTDM risk when making decisions. This is because despite several trials evaluating alternative to standard regimes eg. Early steroid withdrawal, low CNI dose etc in relation to PTDM risk and/or graft outcomes there is no conclusive evidence to suggest that even in case of PTDM risk modification, patient outcomes are improved. It is advised that a patient-tailored approach is adopted taking into consideration specifics such as immunological risk and impact of diabetes.
Guideline 5.4 – Cardiovascular disease
Cardiovascular disease is the leading cause of death in ESRD, and although the risk is modified by transplantation, with some recent data suggesting that the incidence of de novo cardiovascular events may be no different to the general population218, it remains a major cause of morbidity and mortality 219,220. Transplant recipients may be affected by any presentation of the cardiovascular disease spectrum i.e. coronary artery disease, heart failure, dysrhythmias, etc. and the risk is enhanced by all traditional and transplant-specific factors. Coronary artery disease in particular may affect up to 14–20% (previous myocardial infarction myocardial infarction or coronary artery disease) 221–223, in kidney transplant recipients, irrespective of the presence or severity of pre-transplant coronary artery disease Post transplantation myocardial infarction is common, affecting approximately 11.1% of patients by 3 years post transplantation, and much of this risk is experienced early, within the first 6 months of transplantation 224. Myocardial infarction risk has been shown to be linked with delayed graft function, post-transplantation diabetes and graft failure, and in turn, myocardial infarction predicts graft failure and death. Additionally, the ALERT trial 180 demonstrated that determinants of non-fatal myocardial infarction in kidney transplant recipients include total cholesterol level, prior coronary artery disease and previous acute rejection.
With regards to prevention and management, as discussed in section 6.3, kidney transplant recipients should be treated as other patients at high cardiovascular risk. There is only limited evidence, but there appears to be a benefit to be gained from statin treatment in kidney transplant recipients 225. In terms of aspirin use for primary prevention in kidney transplant recipients, data are very scarce but there is no evidence to suggest their use in the absence of known cardiovascular disease. Indication 226,227. In the acute setting of a ST elevation myocardial infarction, reperfusion rates seem improved compared to the past, and outcomes better compared to dialysis patients 228. Kidney transplant recipients can be safely treated with coronary revascularisation procedures 229,230 and there is no reason to believe that will benefit less than patients in the general population, many of whom have renal impairment. Therefore, patients with renal transplants should have equal access to cardiac investigations and surgery as patients without CKD.
Heart failure can present de novo in renal transplant recipients with a cumulative incidence of 18.3% at 36 months 231. Established treatments with a prognostic benefit in heart failure with reduced ejection fraction, such as mineralocorticoid receptor antagonists, sacubitril/valsartan and ACE inhibitors, are at least as effective in patients with mild degrees of renal impairment (non-transplant) as those with normal renal function (among those who met the inclusion criteria of the trials). Despite the lack of evidence in renal transplant populations, in the absence of specific safety considerations, these regimes may be used in renal transplant recipients according to their level of eGFR as would in non-transplant CKD. Over the last few years, abundance of good quality evidence has suggested a cardioprotective role of SGLT2 inhibitors in heart failure and CKD irrespective of the presence of diabetes. Though trials have excluded patients with kidney transplants, data from retrospective cohorts have demonstrated no safety concerns in transplant recipients who were treated with SGLT2 inhibitors for diabetes 214,215. Therefore, there is no reason to believe that these benefits would not extend to the renal transplant population. As a result, we suggest that in the presence of heart failure, treatment with a SGLT2 inhibitor may be considered and agreed with a multidisciplinary approach, involving both nephrologist and cardiologist. 
Guideline 5.5 – Smoking cessation 
Cigarette smoking is strongly associated with reduced life expectancy, several forms of malignancy, respiratory disease and premature cardiovascular disease in the general population, whilst also it accelerating the progression of CKD 232. Among KTRs, the most recent studies suggest a patient-reported, current smoking incidence of up to 11% 233,234, i.e. lower than previously thought, though the real incidence assessed by cotinine levels in blood might actually be higher 235.
In KTRs, cigarette smoking is associated with reduced patient survival, malignancy, and increased cardiovascular events 236–238, whilst a sub-analysis of FAVORIT, demonstrated an increased rate of all-cause and non-cardiovascular mortality, and graft loss in association with ongoing smoking habit 234. Moreover, it appears to be associated with an increased risk of post-transplant erythrocytosis  239. 
 In the general population, various intervention strategies have been shown to be beneficial in encouraging smoking cessation (nicotine replacements - gum, patch, and inhaled, counselling, and Bupropion) 240,241. Maintenance of abstinence is challenging, as 10-20% of former smokers will resume smoking following previously successful cessation 242. The long-term benefits of smoking cessation have not been proven in transplant recipients, nor are long-term studies likely to be performed. However, strategies for smoking cessation are safe and likely to produce the same benefits seen in other populations or public health studies 243. A local strategy should be available, and record made of the advice given and available. 
Guideline 5.6 – Lifestyle, physical activity, and exercise post-transplant
Physical activity and exercise recommendations
Physical activity is any bodily movement produced by skeletal muscles that requires energy expenditure 244. The term "physical activity" should not be mistaken for "exercise"; a subcategory of physical activity that is planned, structured, repetitive, and purposeful in the pursuit of improvement or maintenance in components of physical fitness. Data on physical activity in KTRs are limited 245–247, yet overall, starting immediately pre-transplantation, levels of physical activity are generally lower than the general population 248. During the first year after transplantation, a partial recovery of physical activity occurs and activity is higher overall than in patients on dialysis therapy 249,250; however, levels remain considerably below those of age-matched healthy controls 247,248,251. Sufficient physical activity estimates range from ~11-55% 246,248,251–255.
Epidemiological evidence suggests that higher levels of physical activity are associated with reduced mortality 248,251,256,257 and cardiovascular events [5, 14] 248,256. Post-transplantation, several observational studies support a relationship between physical activity and cardiovascular risk factors such as obesity, metabolic syndrome, dyslipidaemia, and glucose intolerance 248,251,253,256.
Previous physical activity guidance in KTRs has been non-descript and limited in terms of practical and useful implementable clinical recommendations, including the 2009 ‘KDIGO Clinical Practice Guideline for the Care of Kidney Transplant Recipients’ 117 and the previous iteration of this UKKA guideline ‘Post-operative care in kidney transplant recipients’ from 2017 258. British and Australian Expert and Position Statements on exercise in CKD endorse the KDIGO recommendations but do not provide specific guidance for KTRs 259,260. Likewise, the current NICE guideline for managing kidney disease in adults encourages exercise, but does not provide any specific guidance beyond this, nor does it distinguish between KTRs and other stages of CKD. Similarly, the Japanese Society of Renal Rehabilitation Clinical Practice Guideline proposes the implementation of physical activity (and exercise) therapy for KTRs 261, yet stops short of addressing the type, intensity or duration. 
The most comprehensive clinical guidelines for physical activity, exercise, and lifestyle for people living with KTRs were published in 2021 by the UKKA 262. This document contains comprehensive recommendations, strategies, and guidance for implementing and supporting physical activity and lifestyle behaviour in KTRs. We encourage the reader to review these 2021 guidelines for recommendations across the CKD pathway.

Immediate post-transplant recommendations
In exercise-based RCT studies 263–265 involving ‘newly’ transplanted patients (i.e., <2-3 days posttransplant), no additional benefits of exercise or intense physiotherapy were reported when compared to usual care. Given the small amount of research into this area, further data is needed to support the use of early intervention post-transplantation.
Safety and contraindication recommendations
Sports, or exercise involving significant contact, may be an appropriate means for an individual to engage in physical activity 266. Whilst the risk of traumatic damage to transplanted kidneys is low 267, the decision to participate in contact sports (e.g., rugby, martial arts, ice hockey, boxing) is complex. Combat sports are routinely discouraged, and the decision to include other activities that could damage or compromise the transplanted organ must be considered carefully 268. The previous guidelines for post-operative care in KTRs 258, endorsed by the British Transplant Society, encouraged sporting events but cautioned against participation in sports where a direct blow to the allograft is possible. 
Whilst evidence suggests that the performance of KTRs can be maintained even in challenging environmental conditions (e.g., desert trekking 269, high-altitude climbing 266), prolonged, strenuous physically demanding activities, such as marathons, Ironman triathlons etc., challenge many physiological systems and should only be considered by transplanted athletes with a knowledgeable support team that includes an exercise physiologist, an experienced coach, and sports medicine doctor and with the advice of a transplant physician 266,268. Overall, whilst there are notable cases of KTRs successfully returning to high-intensity sports, including professional boxing 270 and rugby, weighing the risk-to-benefit of any activity is an important consideration 266,268.
Evidence from healthy younger and older adults suggests that regular exercise can reduce the risk of respiratory infections and latent herpesvirus reactivation and improve antibody responses to vaccination, which is of great importance for organ transplantation recipients 271. Infection remains a concern in any organ transplant recipient, possibly exacerbated by immunosuppressant medications and, as exercise can be detrimental to the immune system, it should be considered when athletes who are already immunosuppressed are training intensely 266,271,272. Moderate and higher-intensity exercise does not appear to cause adverse immunological effects in KTRs 271–273. 

Guideline 5.7 – Dietary measures
Transplant recipients may experience weight gain after transplant contributing to the metabolic syndrome, diabetes and their sequelae. One factor may be the challenge in the transition from a focus on complex pre-transplant dietary restrictions to a healthy balanced diet post-transplantation. Individualised dietary information and counselling from a registered dietitian or other health care professional with appropriate training, experience and adequate resources is recommended 274. 
Whilst metabolic syndrome and obesity have been associated with poorer graft outcomes, the overall impact of obesity on patient and graft outcomes is less than might be expected 275. However, as longer follow up data emerge from the general population regarding the association between obesity and cardiovascular disease and malignancy 276 it would seem prudent for KTRs to avoid obesity. We encourage an integrated, multicomponent (diet, activity, behaviour change), multidisciplinary, non-judgemental approach to the prevention and management of obesity as recommended by NICE 274,277. 
Weight targets should be individualised and set in discussion with the patient, accounting for variations in muscle mass, ethnic/genetic variation in fat distribution and cardio metabolic risk, fluid retention and other factors such as polycystic organs 277. Where applicable, oedema-free weight should be used to calculate BMI and documented along with the measured body weight for accurate assessment and monitoring. Height should be measured or estimated in standardised way and documented in health records.
Pharmacological intervention for obesity has not been assessed in a clinical trial in KTR and may interfere with the metabolism and absorption of immunosuppressive agents 278. Bariatric surgery is similarly unproven in this population and likely to have a higher incidence of side effects and potential interactions. Dose reduction or withdrawal of corticosteroids helps weight loss but more intensive monitoring is essential around the time of dose changes. 
It is reasonable to assume that evidence of healthy diet patterns and dietary fibre intake on cardiovascular risk reduction in the general population and people with CKD will apply 275. Diets that are rich in fruit, vegetables, whole grains, legumes, seeds, nuts, fish, and dairy and low in meat are encouraged. Intakes of trans fats, refined carbohydrates, salt, processed meats, sweetened beverages and highly processed foods are discouraged. Some dietary factors, including DASH, Mediterranean, moderate protein, and low-sodium diet, as well as antioxidants, may be associated with improved survival and kidney function in KTRs 279.
Evidence suggests cardiovascular benefits from nutrition interventions that focus on dietary quality and Mediterranean diet and a diet with high n-3 polyunsaturated fatty acids 280. 
In post-transplant patients with diabetes, A recent systematic review reported low-quality evidence for the Mediterranean diet in reducing the risk of post-transplant diabetes mellitus and fasting plasma glucose levels 276. Low-quality evidence associated vegetable intake with a lower risk of post-transplant diabetes mellitus. 
In post-transplant patients with hypertension, a salt intake of <6g per day is recommended 278,281. There is high certainty evidence that salt reduction reduced blood pressure in people with CKD, and albuminuria in people with earlier stage CKD in the short‐term. Long-term maintenance may reduce CKD progression and cardiovascular events. The British Transplant Society recommend <6g salt per day for KTR with poor/reducing graft function 278.
[bookmark: _Toc213749039]6. Kidney Transplant Recipient (KTR): Neoplasia
General concepts
Neoplasia is more common in KTRs (over twice the risk higher than the general population 282) due to impaired immunosurveillance and reduced control of oncogenetic virus replication.  It is a common cause of morbidity and mortality 283. Data from different renal registries vary widely but, in general, the relative risk of cancer is higher in younger patients than older patients 283 and patients who spent longer on dialysis before implantation 284. Other risk factors associated with increased risk of neoplasia in include sun exposure, viral infections, overall dose of immunosuppression and previous recipient history of cancer.
KTRs with neoplasia have worse outcomes than members of the general population 283. Preventative strategies are recommended including cancer screening and minimisation or modification of immunosuppressive therapy if possible. Once cancer is diagnosed, management should include reducing and/or modifying immunosuppressive therapy after discussion with the recipient, oncologist and nephrologists 285.  This is likely to be more beneficial in those cancers with higher relative risks in KTRs (e.g. more likely to have a clinical impact in non-melanoma skin cancer than pancreatic cancer). Emerging evidence supports the notion that lowering dose of immunosuppression may be associated with slowing cancer progression 285.
Table 1  282
Standardized incidence ratio (SIR) 
	 SIR compared to the general population
	KTR Common cancers

	High SIR >5
	Lip
Non-melanoma skin
Anus
Kaposi’s sarcoma
Eye
Lymphoma (Hodgkin and Non Hodgkin)
Kidney
Thyroid


	Medium SIR 1-5
	Melanoma
Cervix
Vulvovaginal
Bladder
Colorectal
Lung
Stomach
Oesophagus
Oral cavity
Myeloma
Leukaemia
Hepatobiliary
Pancreas
Ovary

	No increase
	Breast
Prostate
Uterus
Leukaemia



Guideline 6.1 – Screening for cancer
The merits of any screening programme must balance the individual’s risk of developing the disease, their prognosis if detected, and the risk of harm from screening. Screening should be individualised and reflect co-morbidities and other competing risks (e.g., vascular disease). Some centres have advocated more frequent screening (e.g., annual cervical screening), but evidence is lacking to support these assertions. However, new studies demonstrate the possible benefit of an evidence-based skin cancer surveillance program to assess and manage KTRs 286.
In KTR screening should follow the pattern of the general population for most common cancer 287,288. The national cancer screening protocols are described on NHS England website (https://www.nhs.uk/conditions/nhs-screening/). Smoking cessation should be encouraged in all KTRs. A formal protocol for the management of smoking cessation should be available in each transplant centre.  
Guideline 6.2 – Non-Melanoma Skin Cancer (NMSC)
Certain patient groups are at higher risk of non-melanoma skin cancer, particularly fair-skin and living in a sunny climate. Other risk factors include occupation, behaviour, previous skin cancer, childhood solar exposure, family history and CNI use 289. It is sensible to minimise exposure and use sun block. Acitretin (0.2-0.4 mg/kg/day) may prevent recurrence in those with previous skin cancer 290. Some studies suggest that mTOR inhibitors may be associated with fewer NMSC, particularly cutaneous Kaposi sarcoma and data suggest that switching KTRs to sirolimus is associated with reduction of secondary NMSC 291. However, conversion to mTOR inhibitors should take into account their adverse side effect profile, poor tolerability and associated increased risk of rejection 291,292. The role of HPV vaccination in KTRs is unclear, but it is an inactivated vaccine that can be administered safely either before or after transplantation 293.
Guideline 6.3 & 6.4 – Immunosuppression in cancers & Immunosuppression in Kaposi’s sarcoma
There is no direct link between any particular immunosuppressant agent and a particular cancer other than the association of TDAs and PTLD 294. It is generally agreed that the level of immunosuppression should be decreased when cancer develops. This decision should be individualised according to the stage of the cancer at diagnosis, the likely impact of a reduction in immunosuppression, the availability of treatment for the tumour, and potential drug interactions between the chemotherapy and immunosuppressive agents. In general, the effect of reducing the overall level of immunosuppression is more likely to be beneficial where the relative risk of the tumour in KTRs is higher. Trial evidence have shown that m-TORis are indicated in the treatment of Kaposi sarcoma in addition to reduced levels of overall immunosuppression 295.


[bookmark: _Toc213749040]7. Kidney Transplant Recipient (KTR): Infection Complications (Guidelines 8.1-8.7)
Guideline 7.1 – KTR: Vaccination
Vaccination for KTRs and their household members should ideally be completed prior to transplantation. A minimum of 4 weeks is recommended between vaccination with live attenuated vaccines and transplantation. After transplantation there is no evidence to link vaccination with rejection 296. After transplantation it is safe to administer inactivated vaccines but live attenuated vaccines should be avoided (see Table 2 below) as small studies have demonstrated concerns regarding their safety and efficacy in KTRs. Vaccination should probably be carried out at least 3 months and preferably 6 months after transplantation when the immunosuppression has been reduced. Consideration should be given to vaccination of close household contacts where appropriate e.g. Varicella vaccination for children of VZV seronegative KTRs  296,297.
Table 2: Routine vaccines collated by UK Renal Pharmacy Group from the Green book vaccination schedule
	
	Transplant workup
	Post transplant

	Influenza
	Annually
	Annually

	Pneumococcal
(23-valent PPV)
	Vaccine and booster every 5 years
	Vaccine and booster every 5 years

	COVID
	Augmented SARS‑CoV‑2 vaccine schedule, and seasonal booster doses when available
	Augmented SARS‑CoV‑2 vaccine schedule, and seasonal booster doses when available

	Hepatitis B
	Hepatitis B vaccine using the high dose hepatitis B vaccine
Hepatitis B surface antibody (HBsAb) levels should be rechecked annually and be revaccinated if antibody titres fall below 10 mIU/mL
	Hepatitis B surface antibody (HBsAb) levels should be rechecked annually and be revaccinated if antibody titres fall below 10 mIU/mL

	Shingrix
	Shingrix® inactivated Varicella Zoster Virus (shingles) vaccine if 18 years of age or older
	Shingrix® inactivated Varicella Zoster Virus (shingles) vaccine if 18 years of age or older

	Human papillomavirus (HPV)
	 HPV vaccine for males and females between 9-25 years of age (using 3-dose schedule). 
For some higher risk patients, we may suggest HPV vaccine outside of this age range
	HPV vaccine for males and females between 9-25 years of age (using 3-dose schedule). 
For some higher risk patients, we may suggest HPV vaccine outside of this age range

	VZV (chicken pox)
	Patients who are VZV IgG negative should be vaccinated prior to transplantation. As a live attenuated vaccine, VZV vaccine should not be administered post transplant
	

	Measles
	Patients who are measles IgG negative should be vaccinated prior to transplantation. As a live attenuated vaccine, measles vaccine should not be administered post transplant
	



Table 3
	Inactive Vaccine
	Live Attenuated Vaccine

	Polio - inactivated
	BCG

	Hepatitis B
	Influenza – intranasal, live attenuated

	Influenza - inactivated
	Varicella Zoster/Shingles - Live

	Hepatitis A
	Mumps, Measles, Rubella 

	Pneumococcal
	Polio – oral, live-attenuated

	Meningococcal 
	Salmonella - oral

	Human Papilloma Virus
	Typhoid - oral (ty21a)

	Rabies
	Rotavirus

	Diptheria
	Dengue fever – live attenuated 

	Tetanus
	Yellow Fever

	Anthrax
	Cholera – oral, live (Vaxchoraâ)

	Japanese encephalitis - inactivated
	

	Shingles vaccine – adjuvanted (Shingrixâ) (see section 8.4.2)
	

	Cholera – oral, inactivated (Dukoralâ)
	

	Covid 19
	

	Smallpox and Mpox (Imvanexâ) – considered inactive
	

	Pertussis
	




The HPV vaccine has been assessed in a small study of transplant recipients. Although the vaccine was safe and tolerated, immunogenicity was suboptimal. In 171 solid organ transplant recipients the vaccine was administered at day 1, month 2 and month 6. Primary outcome was seroconversion rates to the 9vHPV types at month 7 which ranged from 46% for HPV45 to 72% for HPV58 298. There is a strong link between HPV and anogenital, oropharyngeal and non-melanoma skin cancer and, given the tolerability of these vaccines, we recommended vaccination for all KTRs aged between 9 and 25 using the 3 dose schedule 299.
Prior to travel, KTR should make sure that they are up to date with the required vaccinations for their destination via a suitably qualified healthcare professional ensuring that no live vaccines are administered.  This should be completed several months before travel to enable time for an adequate response. KTR travelling to malaria endemic regions are at increased risk of severe disease and therefore appropriate chemoprophylaxis is recommended for low and high risk areas. Choice of malaria prophylaxis should be based on renal function and travel medicine advice.  Any febrile illness during or after travel should be investigated for malaria 296,300.


Guideline 7.2 – KTR: Cytomegalovirus disease
CMV infection is the most common serious viral infection affecting renal transplant recipients 301. It occurs most commonly in CMV naïve recipients of a kidney from a CMV positive donor. However, pre-implantation seropositive transplant recipients may be affected by reactivation of CMV infection or by primary infection with a new genotype. De novo CMV infection is associated with more intensive immunosuppression, treatment of acute rejection episodes and the use of TDAs. For CMV disease there is clear evidence that prophylaxis reduces the severity, delays the onset and prevents CMV infection in CMV negative recipients of CMV positive kidneys 302. CMV infection is also associated with concomitant infection by other herpes viruses, the significance of which is uncertain 303. CMV prophylaxis is therefore recommended in CMV negative KTRs from a CMV positive donor (D+/R-), and for seropositive KTRs (D-/R+ or D+/R+) exposed to more intensive immunosuppression, in particular TDAs.
In CMV negative recipients of a CMV positive kidney (D+/R-) the use of oral antiviral therapy, commonly valganciclovir, is proven to delay the onset, limit the severity and prevent CMV in a proportion of patients. In recipients with previous CMV exposure (D+/R+ or D-/R+), the decision to start prophylaxis therapy or monitor CMV viral loads varies between centres with moderate quality evidence to support both approaches 304,305. Recent randomised controlled trials suggest superior protection with letermovir compared to valganciclovir but this medication is not routinely available at present 306.
 It is important to recognise that a proportion of patients will develop CMV disease after stopping prophylaxis and will require clinical and virological monitoring for at least three months following the stopping of therapy. At present, evidence exists for the use of valaciclovir and valganciclovir 307,308. In clinical practice, valaciclovir is not widely available or used, and valganciclovir is the agent of choice. The dose of valganciclovir should be adjusted according to renal transplant function. Most commonly, and based on the available evidence, antiviral prophylaxis is usually continued for 90-180 days following transplantation. The rationale is that reduction of immunosuppressive therapy over this period will allow the immune system to combat viral replication once prophylactic therapy is withdrawn. However, it is likely that longer prophylaxis may have additional beneficial effects, most likely until immunosuppression has been reduced to long-term maintenance levels 309,310.
Treatment of CMV disease is equally effective with oral valganciclovir or intravenous ganciclovir 311,312. In life-threatening CMV infection, it is advisable to initiate treatment with intravenous therapy 313,314.
Failure to respond to valganciclovir or ganciclovir, suggested by rising viral titres and/or persistent symptoms, despite at least 2 weeks treatment should raise suspicion of ganciclovir resistance.  This commonly develops in CMV genes UL54 and UL97 315.  Alternative antiviral therapy, such as cidofovir, maribavir and foscarnet, carry significant adverse side effect profiles and changing therapy should be discussed with virology specialists 316.
Guideline 7.3 – KTR: Epstein Barr virus infection
After transplantation, primary EBV infection may present with a broad spectrum of disorders ranging from asymptomatic infection to high grade non-Hodgkin lymphoma (PTLD). EBV seronegative KTRs are up to 50 times more likely to develop PTLD compared to their seronegative counterparts. The EBV genome is found in more than 90% of PTLD occurring during the first year after transplantation317. Vigilance is therefore essential, especially since EBV viraemia usually precedes the development of PTLD by 4-16 weeks. However, assays for EBV viral load can often be positive in asymptomatic patients (false positives) and so clinical correlation and attention to changes in viral load are essential. Risk factors for early PTLD include primary EBV infection, young donor age, CMV infection, and induction with TDAs. The use of antiviral agents (e.g. valaciclovir or valganciclovir) or immunoglobulins in response to rising viral loads is unproven and cannot be recommended. Since the immune response to EBV infected tissue is thought to depend on EBV-specific T cell responses it is logical to reduce immunosuppressive treatment in the face of clinical EBV infections and PTLD.
Guideline 7.4 – KTR: Varicella Zoster Virus infection
Acquired by 90% of the population before adulthood, primary infection with VZV causes chickenpox. Thereafter the virus remains latent in the cranial nerve and dorsal root ganglia. Secondary reactivation results in shingles and typical dermatomal blistering skin lesions. Primary infection is an uncommon complication in KTR except in seronegative individuals and paediatrics and can be acquired by direct skin contact and by airborne droplet transmission 318. Donor‐transmitted VZV infection is rare but has been reported. Breakthrough varicella can occur in vaccinated KTR but the risk is low, although it is more likely to occur in those who did not develop sufficient immunity post vaccination or in whom VZV antibodies titres diminish post-transplant 319.
Primary varicella disease in KTRs can be devastating with severe skin lesions, widespread visceral involvement and disseminated intravascular coagulation. In KTR, treatment with IV aciclovir should be started as soon as possible, ideally within 24 hours of the rash occurring.  IV therapy can be switched to oral once all the lesions have crusted over or the patient has improved significantly. The immunosuppression burden of the patient should be evaluated and a reduction considered 319. Non-specific IVIg or VZV IVIg is not recommended for treatment as it is unlikely to provide additional benefit in those with established infection although has been used in those with severe disease 319. 
For KTR with herpes zoster (shingles) localised (dermatomal) infection may be treated with oral antiviral therapy (eg aciclovir or valaciclovir) for 7 days or until the lesions have crusted over.  KTR with disseminated, invasive or ocular involvement should be treated with IV aciclovir for at least 7 days with input from a virologist 319.
VZV IVIg is recommended for KTR who have no antibodies to VZV and have had a significant exposure to varicella or zoster during the infectious period via UK HSA. 320
Vaccination of sero-negative patients on the transplant waiting list with the live-attenuated varicella vaccine is advised as it has been shown to be safe and immunogenic 319. 
KTR immunisation with inactivated VZV vaccine to prevent shingles is safe and effective. A randomised control trial studied 264 KTR 4-18 months post-transplant in whom half were given the adjuvanted recombinant zoster vaccine (RZV) and the other 132 placebo. Vaccine response was monitored over 12 months and anti-glycoprotein E specific humoral and cell-mediated immune responses were higher in RZV than placebo recipients across all post vaccination time points and persisted above pre-vaccination baseline 12 months post-dose 321.
Guideline 7.5 – KTR: Herpes Simplex Virus infection 
There is an increased potential for superficial HSV infections to progress disseminated or invasive disease in KTRs. Reactivation most commonly occurs in the first few weeks after transplantation and complicated disease can become life threatening involving the liver, lung and central nervous system. For mucocutaneous disease, oral treatment should be started as soon as possible with aciclovir, valaciclovir or famiciclovir until complete healing of all lesions or at least 5-7 days. Due to their gravity, complicated infections should be treated with intravenous therapy which may need to be prolonged in cases with CNS involvement and a reduction in immunosuppression 322.
For KTR who experience recurrent episodes of HSV infection, long term aciclovir therapy should be considered if immunosuppression cannot be reduced.  Long term use has been shown to be effective in immunocompromised patients and the risk of aciclovir resistance less than with recurrent treatment courses 322.
Guideline 7.6 – KTR: BK viral associated nephropathy
The human polyoma BK virus is linked to two major clinical syndromes in KTRs, namely BK virus nephropathy (BKVN) and transplant ureteric stenosis 129,323. BKVN occurs in up to 10% of KTRs and is associated with a significant number (15 - 50%) of allograft losses. 90% of young adults have serological evidence of prior infection and the DNA virus remains latent in the uroepithelium. The virus becomes active and replicates under the influence of immunosuppression. BK virus is cytolytic and epithelial cells are shed in the urine as decoy cells with free virus detected in the urine. With increased viral replication, BKV can be found in the blood and detected by PCR. Approximately half of patients with high level viruria (>107 copies/mL) will develop significant BK viraemia (104 copies/mL) and half of these will develop histological BKVN. This sequence justifies screening for either high level urinary BKV shedding (alternatively the presence of decoy cells) or BK viraemia. Risk factors for BKV include donor and recipient characteristics, high immunosuppressive burden and intensification of immunosuppression. Definitive diagnosis requires demonstration of the virus in renal tissue, usually by staining with the antibody for large T antigen of SV40. Since the infection can be focal and preferentially affects the renal medulla, two cores including medulla should be examined 324,325.
The mainstay of treatment is reduction of immunosuppression and there is no evidence that reducing any particular immunosuppressive agent is particularly beneficial 326. Common approaches include sequentially reducing/stopping anti-proliferative agents followed by reducing CNI levels in the face of rising viral replication. Specific agents such as intravenous immunoglobulin, quinolones, cidofovir and leflunomide have been shown to have anti-viral activity but there is no definitive evidence to show that they offer any advantage over simply reducing the total immunosuppressive burden  327,328.
There is no evidence loss of a transplanted kidney, as a result of BKVN, will adversely affect the outcome of subsequent grafts and no special precautions are necessary (e.g. allograft nephrectomy) prior to re-listing 329.
Guideline 7.7 – KTR: Pneumocystis jirovecii infection- treatment and prophylaxis
Diagnosis of Pneumocystis pneumonia (PCP) requires confirmation by microscopy or PCR from respiratory secretions (induced sputum after inhaled saline or bronchoalveolar lavage). In non-HIV infected individuals, co-trimoxazole has been shown to be effective. Co-trimoxazole has excellent bioavailability and enteral administration is preferred, although intravenous therapy may be necessary in acutely unwell patients. In patients with contraindications to co-trimoxazole, intravenous pentamidine is a suitable alternative although is associated with a higher rate of side effects and should be avoided in patients with pancreas transplants. Alternative agents against pneumocystis jirovecii include atovaquone, primaquine with clindamycin (although may affect tacrolimus levels) or dapsone with trimethoprim 330. Therapy should be continued for 14 to 21 days. The use of additional glucocorticoid therapy is not associated with improved survival in non-HIV patients, although treatment with prednisolone has been associated with quicker recovery from severe PCP infection in one small observational study 331. Due to poor outcomes in hypoxic patients, corticosteroids are suggested in this group and should be started ideally within 72 hours of starting antimicrobial therapy 330.
PCP prophylaxis with co-trimoxazole is recommended and has shown to be beneficial in a meta-analysis of 13 randomised studies in 1412 immunocompromised individuals. In 10 of the trials (n=1000) comparing co-trimoxazole to no treatment or fluroquinolones, an 85% reduction in the occurrence of PCP in KTRs receiving prophylaxis with co-trimoxazole, RR of 0.15 (95% CI 0.04 to 0.62) was found. Two trials (207 patients) looked at co-trimoxazole dosing and found no differences between once daily versus thrice weekly dosing 332. 
Guideline 7.8 – KTR: Post-transplant infection prophylaxis 
In addition to benefit for PCP, there is good evidence that co-trimoxazole provides effective prophylaxis against urinary tract infections after renal transplantation 333. Alternatives include cephalosporins and fluoroquinolones. Alternative agents against pneumocystis jirovecii include dapsone, atovaquone or aerosolized pentamidine. 
Candida infection is common after renal transplantation and can cause considerable morbidity. It is usually acquired from colonisation of the oral mucosa and so topical oral preparations offer a simple form of prevention without the potential toxicity of systemic preparations 334. 
Tuberculosis in KTRs is usually due to reactivation of quiescent disease under the influence of immunosuppression. In other immunosuppressed populations, treatment of latent TB prevents progression to clinically active TB. Cochrane Database review and recent metanalyses recommend prophylaxis with isoniazid (for up to 1 year) in selected recipients at high risk of TB with careful monitoring of liver function, especially in patients who are hepatitis B and C positive 335,336.


[bookmark: _Toc213749041]8. Kidney Transplant Recipient (KTR): Bone and Joint disease (Guidelines 9.1-8.7)
Guideline 8.1 – KTR: Osteoporosis
All KTRs have a complex bone disorder whereby the effects of immunosuppression are superimposed on an underlying Chronic Kidney Disease Mineral and Bone Disorder (CKD-MBD). Any guidance should be used in conjunction with existing national and international guidelines for CKD-MBD including KDIGO 337,338. 
The risk of fractures after renal transplantation is high but there are limited studies assessing factors that predict fracture risk after transplant. Dual energy x-ray absorptiometry (DEXA) measurement of bone mineral density (BMD) remains the gold-standard for assessing fracture risk and has been assessed in KTRs in two studies demonstrating that osteopenia or osteoporosis at either spine or hip can predict fracture 339,340. Alternative clinical tools such as the fracture risk assessment tool and trabecular bone scores require validation in KTRs.  
Bisphosphonate-use post-transplant has been assessed in a 2019 Cochrane review  of treatments for bone disease among kidney transplant recipients. Bisphosphonate use was not associated with significant increases in BMD with low certainty that they help prevent fractures. In addition, data relating to bisphosphonates are limited to the first 12 months post-transplant.
There is evidence that treatment with calcium and vitamin D derivatives attenuates post-transplant bone loss and maintains bone mineral density without excess hypercalcaemia  341,342. Corticosteroids seem to be the principal determinant of bone turnover and bone volume so it seems logical to target interventions towards reduction or withdrawal of these drugs 343. There are numerous guidelines and reviews for corticosteroid-induced osteoporosis including those of the American College of Rheumatology and it seems reasonable to follow them 344,345. 
Denosumab, a monoclonal antibody targeting the receptor activator of the NF-κB ligand, is a potent anti-resorptive agent and seems to be safe in renal impairment with the caveat that serum calcium needs to be closely monitored as the risk of hypocalcaemia is increased 346.  One prospective clinical trial has been completed with denosumab in de novo KTRs and showed a significant increase in 1-year lumbar spine and total hip BMD compared with placebo after two doses of denosumab (5% and 2% respectively, both p <0.05) 347. There was an increase in urinary tract infections and asymptomatic, transient hypocalcaemia in the denosumab group. Ensuring adequate vitamin D levels prior to denosumab helps alleviate the risk of hypocalcaemia.  Although randomised trial evidence beyond 1-year is lacking, a retrospective study of denosumab in prevalent KTRs demonstrated improvement in BMD 348. It should be noted that in patients (including KTRs) stopping denosumab 349,350 there is an increase in bone loss and alternative anti-resorptive agents such as bisphosphonates should be considered prior to stopping 345,351.

Guideline 8.2 – KTR: Tertiary hyperparathyroidism
Hyperparathyroidism is extremely common pre-transplant and although parathyroid hormone (PTH) levels usually improve within the first few months after transplantation they only completely resolve in 30% and 57% of KTR within the first- and second-year post transplant respectively 352. Some reasons for this may be high PTH prior to transplant, low vitamin D levels and poor graft function 353
Post-transplant hyperparathyroidism is a complex entity that may represent a true high bone turnover state but also low bone turnover and the only certain way to distinguish between the two types of mineral and bone disorder (MBD-CKD) is by bone biopsy 354. Dietary intake of phosphate, longstanding phosphate retention whilst on dialysis, as well as high fibroblast growth factor 23 (FGF-23) levels and profound urinary phosphate losses due to hyperparathyroidism in the early post-transplant period all contribute to the complexity of managing this condition 353. 
Hypercalcemia has been shown to affect up to 59%, 45%, and 21% KTR at 3 and 12 months and 5 years, respectively and peak at around 2 months 343,355. Hypercalcemia is related to a combination of increased urinary calcium absorption secondary to hyperparathyroidism in a well-functioning kidney, vitamin D repletion, and calcium release from the skeleton. Hypercalcaemia management in KTR is important as calcification of the graft may affect graft survival 353.
Treatment of KTR with hyperparathyroidism should be in conjunction with the KDIGO-MBD recommendations 337.  Cinacalcet may be used in KTR.  It successfully corrects hypercalcaemia and elevated PTH level, may improve bone mineral density, and may also have an antihypertensive effect 356–359.
There is no determined ideal PTH levels for KTR as higher levels increase risk of CV disease and normal levels may result in adynamic bone disease 353.
There is contradictory data on the effect of parathyroidectomy post transplantation with some small studies showing that PTH was corrected more quickly and effectively in patients with parathyroidectomy 360–362. A meta-analysis which included 7 studies assessing change in graft function 6 and/or 12 months post parathyroidectomy and 13 in KTR treated with cinacalcet, concluded that parathyroidectomy and cinacalcet treatment in KTR does not significantly affect serum creatinine or eGFR 363.
There is no evidence but it seems sensible to treat severe hyperparathyroidism prior to transplantation.
Guideline 8.3 – KTR: Treatment and management of gout
Gout is common after transplantation and may cause significant cardiovascular morbidity and mortality and decreases quality of life. Hyperuricaemia increases the risk of gout and may also be linked with increased rates of cardiovascular disease 364. KTR have increased risk factors for gout which include impaired renal function, hypertension, diuretic use, calcineurin inhibitors use especially ciclosporin, and APKD 365,366.
For acute flares NSAIDS should be avoided due to the risk of nephrotoxicity and AKI.  Tacrolimus and more significantly ciclosporin can both increase plasma concentrations of colchicine so colchicine should be used with caution in these patients due to its narrow therapeutic window and toxicity at high levels 367. Dose should be adjusted to renal function and stopped at the first signs of toxicity i.e. diarrhoea.  Selective IL-1 inhibitors can be used to treat acute gout flares under specialist supervision but there is a lack of data in KTR to recommend their use and there has been reports of increased risks of infections 368.
Many patients may benefit from urate lowering therapy to reduce their serum urate level to below 360 micromol/L to prevent flares and long-term complications. Although there is little trial data allopurinol has been widely used in KTR. The dose must be adjusted to renal function to prevent toxicity which may limit the efficacy. In a small study of 46 KTR serum levels of uric acid were significantly decreased in the febuxostat group (470.82 ± 34.37 to 378.77 ± 51.97 micromol/L) and decreased in the allopurinol group (469.46 ± 33.47 to 428.21 ± 23.37 micromol/L) 369. A meta-analysis carried out in 2019 found 7 observational trials with 367 KTR who were treated with allopurinol or febuxostat for asymptomatic hyperuricaemia. Compared with allopurinol, the febuxostat group demonstrated a higher odds of achieving target uric acid levels lower than 6 mg/dL within 12 months (OR = 2.9, p = .004). However, there was no statistical difference in change of uric acid (WMD = −1.0 mg/dL/y, p = .32) There were no statistical differences in eGFR, Hb, WBC, liver enzymes (AST, ALT), and trough level of tacrolimus between baseline and at the study end 370. Febuxostat should be used with caution in patients who have pre-existing CV disease as the CARES study found an increased risk of CV death and all-cause mortality in the febuxostat group compared to allopurinol although this was not seen in the FAST trial 371,372.
It is important that KTR receive appropriate lifestyle advice to reduce their risk of gout flares such as weight reduction in over weight KTR, avoiding excessive alcohol intake and avoiding high purine foods 365.  Tailored advice from a renal dietitian would be beneficial.
Allopurinol and febuxostat should be avoided in patients taking azathioprine due to a serious drug interaction. This causes bone marrow suppression resulting in severe leucopoenia and anaemia due to an increase in myelosuppressive metabolites 373. Azathioprine and allopurinol or febuxostat have rarely been used together in cases of disabling gout in those KTR in whom other immunosuppression options are unsuitable.  This should only be carried out by clinicians experienced with this interaction and close patient monitoring is essential.
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Guideline 9.1 – Post-Transplant Erythrocytosis
Post-transplant erythrocytosis (PTE), also known as post-transplant polycythaemia, occurs in about 5-22% of patients who receive a kidney transplant 374–376. The incidence has declined over the past years due to increasing use of Angiotensin converting enzyme inhibitors (ACE-I) and angiotensin receptor blockers (ARBs) as well as more intensive immunosuppression (mycophenolic acid analogues) 375,377,378. 
The most used definition of PTE refers to a raised haemoglobin (Hgb) over 170g/L or a haematocrit exceeding >51%. However, different groups have used different cut-off values for haematocrit, while certain bodies also distinguish between genders. Various investigators have also specified variable durations (eg >1 month, >3 months, >6 months) 379.
In 2009, the Kidney Disease Improving Global Outcomes (KDIGO) group defined PTE as a haemoglobin above 170 g/L or a haematocrit above 51% independent of gender and duration 36. In 2017, the British Transplantation Society (BTS) recommended that treatment should be given beyond gender-specific thresholds, when haematocrit exceeds 52% in men and 49% in women 258. However, this guideline does not offer a definition of PTE per se. The British Society for Haematology (BSH) guidelines recommend treatment if there is hypertension as well as a rising haematocrit for over one month without specifying a threshold for haematocrit 380. As most studies have used the KDIGO definition, and the fact that most recent evidence has shown that PTE is not associated with inferior graft outcomes or increased mortality in the modern era 376, we have adopted this same definition to dictate treatment thresholds.
Risk factors for PTE are well established and include male gender, a well-functioning graft, longer duration on dialysis prior to transplantation, smoking, presence of native kidneys and adequate erythropoiesis prior to transplantation 374–376. The pathophysiology is not fully understood, however it is thought to be associated with persistent high secretion of erythropoietin from the native kidneys despite rising haemoglobin levels post-transplant, and involves renin-aldosterone-angiotensin system (RAAS), Insulin-like growth factor 1 (IGF-1) and endogenous androgens 378. PTE usually occurs between 8 months and 2 years post transplantation and may remit spontaneously within 2 years from onset in around a quarter of patients 379. PTE can cause mild symptoms (malaise, fatigue, plethora and dizziness) and has been associated with thromboembolic events 378,379. However, a recent study has shown that with modern management, PTE was not associated with thromboembolic events, mortality or graft failure 376. 
Patients with suspected PET should undergo evaluation to exclude underlying pathologies that may contribute to erythrocytosis. Firstly, patients should be examined for haemoconcentration secondary to dehydration. Patients would have usually undergone a thorough assessment as part of their transplant work-up, however malignancies such as renal cell carcinoma, as well as conditions predisposing to chronic hypoxia should be identified 378,381. BSH recommends screening for JAK-2 if haematocrit remains refractory to ACE-I/ARBs or venesection 382. Smoking cessation should be recommended.
Various studies have demonstrated clinical benefit in the reduction of haemoglobin and haematocrit levels following use of ACE-I/ARBs 378,379.  Haematocrit drops gradually, reaching a nadir at around 3 months after initiation of treatment and then remains stable on treatment. After discontinuation of treatment, haematocrit values rise again to pre-treatment levels in most patients 378,379.
Venesection has been used by some in patients with persistently high haematocrits (>0.57–0.60) and may help with symptoms of hyperviscosity, however it does not reduce the incidence of thrombosis 374,378. Moreover, venesection renders the patient iron-deficient, and therefore supplemental iron should be used in patients who are having regular venesection. The BSH states that there is no evidence for use of aspirin in patients with PTE 382.
Guideline 9.2 – Post-transplant Anaemia (PTA) 
There is no standard definition of post-transplant anaemia (PTA). The KDIGO and AST go by the WHO definition of anaemia as an Hgb < 120 g/L in premenopausal women and < 130 g/L in men and post-menopausal women 383–385. The KDOQI and ERBP further modified the definition of anaemia in men as an Hgb < 135 g/L 386–388.
The reported prevalence of anaemia in KTRs ranges between 34-45% 389. In addition to the usual causes of anaemia of CKD, there is a myriad of transplant-specific risk factors that can contribute. Potential precipitants include allograft dysfunction, rejection, post-transplant infections (including CMV, parvovirus, EBV), haematinic deficiency and drug-related adverse effects (ACE inhibitors, ARBs, antiproliferative agents, valganciclovir, trimethoprim-sulfamethoxazole) 390. Post-transplant anaemia, especially when severe, may pose an increased risk of graft failure, cardiovascular mortality and all-cause mortality 391,392 and thus must be treated in a timely manner. 
Together with the KDIGO and European Renal Best Practice Group, we recommend managing PTA by following the currently available guidelines on the management of anaemia in CKD, with a focus on iron repletion and erythropoietin stimulating therapy (ESA) when required 36,388. We refer the reader to the UKKA Clinical Practice Guideline: Anaemia of Chronic Kidney Disease for further information and recommendations.  
Erythropoietin Stimulating Agent (ESA) therapy 
A few small RCTs using ESA in KTRs have suggested a benefit in Hgb correction and improvement in quality of life, though the optimal Hgb level still remains to be determined 393–397. We suggest avoiding an Hgb level above 120 g/L, in light of the risk of adverse outcomes such as increased stroke as seen in the TREAT trial 398.
Hypoxia-inducible factor prolyl hydroxylase inhibitors (HIF-PHi) therapy
Among the HIF-PHis, roxadustat was authorized for use in patients with anaemia and CKD (regardless of dialysis or not) by the European Medicines Agency in 2021, while daprodustat was approved by the US Food and Drug Administration for use in dialysis-dependent CKD in 2023. To date, there has been no RCT evaluating their long-term efficacy and safety in KTRs. Nonetheless, HIF-PHi therapy can be considered as an alternative agent to ESA therapy in those individuals who have contraindications or do not respond to ESA. 
A few case series, albeit involving small numbers, have reported satisfactory Hgb response with the use of Roxadustat in PTA 399–404. Studies with long term follow-up are lacking.  Reported adverse events include overcorrection of anaemia and low iron stores. There is also a potential theoretical risk of malignancy with HIF-PHIs use. This is of important consideration when counselling the patient prior to their use, as KTRs are already at a higher risk to developing post-transplant neoplasia 405,406. RCT studies are required to demonstrate the long-term efficacy and safety of such therapy in KTRs with PTA.
SGLT2 inhibitors 
In addition to their cardiovascular and nephroprotective benefits, SGLT2 inhibitors have been shown to provide a benefit in correcting anaemia in the non-transplant CKD population and patients with heart failure, independent of the diuretic effect 407–411. Further data is required to better clarify the mechanism underlying this effect and its relevance in clinical practice. 
The available evidence on the long-term safety and efficacy of SGLT2 inhibitors therapy in KTRs is limited. A review of 11 available studies confirmed the effects of SGLT2 inhibitors on glycaemic control and weight in KTRs with underlying diabetes 412. However, there is a lack of evidence for other effects including interaction with immunosuppressive medication, risk of urogenital infections and euglycaemic DKA due to small sample size and short-term follow up 412. Larger RCTs with longer follow-up are needed to elucidate the long-term cardiovascular and kidney outcomes of SGLT2i therapy in the transplant setting.


[bookmark: _Toc213749043]10. Kidney Transplant Recipient (KTR): Reproductive issues and sexual function in the renal transplant recipient
After renal transplantation, female fertility returns within less than 6 months 413. Individualised and multidisciplinary antenatal counselling should take place prior to conception. This offers an opportunity to optimise blood pressure control and proteinuria, switching teratogenic immunosuppressive agents to safer ones, and to educate about potential maternofoetal complications. Such complications include maternal hypertensive disorders (including pre-eclampsia), gestational diabetes, foetal intrauterine growth restriction, preterm delivery, low birth weight, neonatal care admission and increased likelihood to require caesarean delivery 414–419. The risk of adverse maternal-foetal outcomes appears to be higher in multiple pregnancies and pregnancies following assisted reproductive techniques (ART) 420. 
It is recommended that pregnancy should be postponed for at least a year after successful transplantation, as long as graft function is adequate and stable on pregnancy-safe medications before achieving conception 418.  Similar recommendations are echoed by the Italian Society of Nephrology 421, European 422, KDIGO 36 and American Society of Transplantation 423, which advise postponing pregnancy by at least one year after transplantation and defer conception further in KTRs with diabetes, uncontrolled hypertension, moderate or severe proteinuria, recurrent urinary tract infections, recurrent viral infections and/or use of antiviral agents, and so on 424. We refer the reader to consult the Renal Association clinical practice guideline on pregnancy and renal disease for further guidance on the topic 425. 
The majority of KTR can be reassured that long-term graft function is unaffected by pregnancy, though acute kidney injury in the peri- or postpartum period is somewhat common. Prompt investigation and treatment of pre-eclampsia, transplant pyelonephritis, CNI toxicity, acute rejection and renal obstruction should be sought 416. Aspirin is now widely recommended for the prevention of pre-eclampsia in high-risk populations including women with CKD. Whilst there are no specific data to support its use in renal transplant recipients, it seems reasonable to follow this approach as stated in other guidelines 418. 
Immunosuppression 
Immunosuppressive drugs can all affect the foetus, but subtherapeutic management of renal transplant recipients can be deleterious in itself due to the risk of rejection. Sirolimus, mycophenolate mofetil and its active metabolite mycophenolic acid (MPA) are teratogenic immunosuppressants  426 and should be avoided. 
The MHRA and UK teratology service state that MPA compounds should be stopped at least six weeks in child-bearing females and 3 months in males before conception, with ideally two forms of effective contraception on board 427,428. Even though there is no registry data to confirm the risk of teratogenicity associated with males fathering whilst on MPA compounds, there is still a theoretical risk of foetal toxicity which needs to be balanced against the risk of graft dysfunction while changing of immunosuppression occurs. Graft stability on an alternative immunosuppressive agent is essential prior to conception 417. 
Sirolimus and presumably other m-TOR inhibitors are associated with oligospermia, which appears to be reversible on cessation of treatment 429–431.. Drugs like valganciclovir have also shown to impact sperm concentration and motility in adult male kidney transplant recipients, but recovery occurs following 6 months of cessation of therapy 432. 
Azathioprine is the preferred alternative to mycophenolate mofetil/ mycophenolic acid as it is not teratogenic. Calcineurin inhibitors (CNI) can also be used safely in pregnancy. Due to the increased volume of distribution in plasma and the upregulated activity of the cytochrome P450 during pregnancy, CNI levels drop significantly especially in the first trimesters, and therefore a 25-50% increase in CNI dose should be anticipated to maintain the target trough levels of immunosuppression 433,434.  
Breastfeeding 
All immunosuppressants are excreted in breast milk, albeit in very small quantities. The US and European expert guidelines 435,436 and National Transplantation Pregnancy Registry Guidelines 415 consider the use of tacrolimus, cyclosporine, prednisolone and azathioprine to be acceptable during breastfeeding. On the other hand, the paucity of safety data in lactating women precludes the use of MPA 437, mTORi 438, belatacept therapy 439, and rituximab 423,436,440,441. 
We advise health care professionals to consult the online LACTMED database 435 which uses updated registry and literature reviews to provide pharmacokinetic data and safety recommendations.
Contraception 
Progesterone-only contraceptive techniques (eg. progesterone only-pill, intra-uterine system/ device, subdermal implant) can be used safely and effectively in women with a kidney transplant 442. Oestrogen-containing contraceptives confer an increased risk of hypertension, venous and arterial thromboembolism and therefore, should be avoided if at all possible in this subgroup of patients 442,443. Barrier contraception provides protection against sexually transmitted infections, but it is not considered as an effective contraceptive option if used on its own due to the high chance of failure 444. Therefore, both barrier and hormonal techniques are recommended when using teratogenic immunosuppression. 
Assisted Reproductive Technology (ART) treatment 
Kidney transplant recipients may still suffer from subfertility or infertility, and more are seeking assisted reproductive techniques. Such techniques include ovulation induction, intrauterine insemination, in vitro fertilization and intracytoplasmic sperm injection 445,446.
Assisted fertilisation in the general population is associated with multiple gestations which increases the risk of adverse maternofoetal outcomes (eg. hypertensive disorders, IUGR, preterm delivery, low birth weight). In the presence of CKD or kidney transplant, the risk of such adverse events may be further increased 421,445,446. Nonetheless, assisted reproductive technology treatment is feasible and has resulted in successful pregnancies in KTRs, but data are limited to case reports, single-centre studies and voluntary registries with possible selection bias . Such cases should be managed in expert centres and offered very regular monitoring. With the advent of single embryo transfer in the last decade, maternal and neonatal outcomes have improved, though specific data on KTRs remains scarce 448. 
Hormone replacement therapy
Treatment with HRT in menopausal KTRs should be individualised, with a careful discussion and assessment of the woman’s baseline cardiovascular risks, and breast/ uterine/ ovarian cancer risks prior to initiating therapy. Non-hormonal methods of symptom control can also be considered prior to prescribing systemic therapy. Co-administration of CNI with oestrogen requires close monitoring of tacrolimus trough levels and kidney function due to CYP450 interaction 450. 

Lay Summary 

Why do we need these guidelines?
After a kidney transplant, patients need ongoing care to keep the new kidney working well and to stay healthy. This involves taking the right combination of medicines to prevent the body from rejecting the kidney, while also reducing the risk of infections, heart disease, cancer and other health problems. Because kidney transplant patients have specific and sometimes complex needs, their care is usually provided by a team of specialists working together. Reviewing the available best evidence and creating a set of recommendations is very useful for day-to-day care.
Who is this guideline for?
This guidance is for all healthcare professionals involved in looking after kidney transplant patients, including doctors, surgeons, nurses, pharmacists, dietitians, physiotherapists and community healthcare providers. It may also be useful for patients, healthcare managers and policy makers.
How does these guidelines help?
This document provides evidence-based recommendations on the best long‑term treatments to protect the transplanted kidney, how to manage rejection, and how to prevent or treat common complications such as heart disease, infections, cancer, bone problems, blood disorders and reproductive health issues. 
Who prepared these guidelines?
The evidence was reviewed and assessed by a group of experts, including adult and children’s transplant specialists, pharmacists, nurses, dietitians, physiotherapists and patients. The expert group then discussed and prepared guidance on specific topics.
Can this be used outside of the UK National Health Service?
Although the guidance is designed mainly for use within the National Health Service (NHS), it may also be helpful internationally. Its aim is to support high‑quality, consistent care for all kidney transplant patients and to help reduce inequalities by making the best use of available evidence and resources.
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