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INTRODUCTION
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 Post-Kidney Transplant Follow-up :

 Long, complex and costly process

 Key to good graft and patient survival

 Must be extremely rigorous

 Enables prevention and early management of complications

Well codified, depends on the post-transplant period : short (first

weeks), medium (3 to 12 months) and long term (˃ 1year)

 Facilitated by new communication technologies

INTRODUCTION
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A- InThe ShortTerm :

1- Prevent acute rejection

2- Optimize graft function

3- Prevent infections

B- InThe Medium And LongTerm :

1- Preserve good graft function

2- Ensure good therapeutic adherence

3- Prevent the consequences of immunosuppression : metabolic,
infectious, neoplastic, cardiovascular, etc.

OBJECTIVES
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RECOMMANDATIONS (1)

https://www.has-sante.fr/
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RECOMMANDATIONS (2)

https://kdigo.org/guidelines/transplant-recipient/7



RECOMMANDATIONS (3)

Shokeir A. Arab J Urol 2021;19(2)2:105-22.
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RECOMMANDATIONS (4)

https://ukkidney.org/sites/renal.org/files/FINAL-Post-Operative-Care-Guideline-1.pdf
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RECOMMANDATIONS (5)

Wettestein D. Langenbecks Arch Surg 2014;399(4):415-20. Mamode N. Transplant Int 2022;35:10511.
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OUTLINE
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I- GENERAL FOLLOW-UP ORGANIZATION
1- NECESSARY INFRASTRUCTURE

2- LOCATION AND ACTORS

3- RHYTHMICITY OF CONSULTATIONS

4- CALENDAR

5- DATA TO BE TRANSMITTED BY THE TRANSPLANT CENTER

6- CONTACT AND/OR PATIENT TRANSFER TO THE TRANSPLANT CENTER

7- TELE-CONSULTATION SOLUTION

II- KIDNEY ALLOGRAFT FOLLOW-UP
1- RENAL FUNCTION MONITORING

A- GFR ESTIMATE

B- GFR MEASURE

2- ANATOMICAL MONITORING

3- HISTOLOGICAL MONITORING

4- BIOMARKERS
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III- IMMUNOLOGICAL MONITORING

IV- MONITORING OF IMMUNOSUPPRESSION AND ITS

COMPLICATIONS

1- PHARMACOLOGICAL MONITORING

2- THERAPEUTIC ADHERENCE MONITORING

3- PREVENTION AND SCREENING OF COMPLICATIONS

A- METABOLIC : NODAT

B- INFECTIOUS : BKVIRUS NEPHROPATHY

C- NEOPLASTIC : CANCERS AND PTLD
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I- GENERAL FOLLOW-UP 

ORGANIZATION
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1- NECESSARY INFRASTRUCTURE
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NECESSARY INFRASTRUCTURE
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2- LOCATION AND ACTORS
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 Follow-up Location :

 First months :

In the transplant center

 Subsequent monitoring (beyond three months) :

Organized by the transplant center

LOCATION AND ACTORS

Actors : Shared (alternating) monitoring between :

Transplant center physicians

 Physicians likely to be involved in subsequent outpatient follow-up 

(Referring Nephrologist, Cardiologist, General Practitioner, etc.)
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3- RHYTHMICITY 

OF CONSULTATIONS
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RHYTHMICITY OF CONSULTATIONS
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4- CALENDAR
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CALENDAR
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5- DATA TO BE TRANSMITTED

BY THE TRANSPLANT CENTER
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DATA TO BE TRANSMITTED (1)
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Patient medical history, particularly
nephrological

- Initial nephropathy
- Dialysis duration and type
- Previous transplantation

Characteristics of transplantation - Donor type: living; brain dead
- Donor’s age
- HLA incompatibility and prior immunization
- Donor and recipient serological status (HBV, HCV, CMV and EBV)
- Cold and warm ischemia times

Three-month post-transplant follow-up
data

- Surgical report
- Initial hospitalization report
- Reports of any rehospitalizations
- Follow-up reports from the 1st to the 3rd post-KT months

Patient’s post-transplant clinical and
biological data at the start of shared follow-
up

- Last creatinine level and its lowest value
- Last eGFR
- Last uroculture, proteinuria assay and proteinuria/creatinuria ratio
- Last lipid profile (total cholesterol, HDL, LDL, TG)
- Last US of the transplant
- Pre- and post-transplant bone densitometry if available

DATA TO BE TRANSMITTED (2)
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Type and modalities of immunosuppression 
and other ongoing treatments

- Immunosuppression protocol and therapeutic ranges
- Associated treatments
- Expected changes in immunosuppression and other treatments 
(dosages envisaged and planned dates)

Follow-up modalities - Dates of any scheduled interventions
- Consultation dates scheduled in the transplant center
- Therapeutic education program

Contact details at the transplant center - Contact details of referring physicians
- Emergency contact details

DATA TO BE TRANSMITTED (3)

26



OUR STANDARD REPORT
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6- CONTACT AND/OR PATIENT TRANSFER 

TO THE TRANSPLANT CENTER
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CONTACT AND/OR PATIENT 

TRANSFER TO THE TRANSPLANT CENTER
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7-TELE-CONSULTATION SOLUTION
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A healthcare service platform using a

live video consultation that enables

real-time communication between

the patient and the provider at a

remote location.

TELE-CONSULTATION

Hezer B. Transplant 2024;108:409-20.31



TELE-CONSULTATION AND KT :

BENEFITS

Biancone L. J Nephrol 2022;35(3):725-33.32



TELE-CONSULTATION AND KT :

INDICATIONS

Al Ammary F. Adv Chronic Kidney Dis 2021;28(6):542-7. 33



TELE-CONSULTATION AND KT :

ELIGIBILITY CRITERIA

Biancone L. J Nephrol 2022;35(3):725-33.34



TELE-CONSULTATION

AND KT :

ORGANIZATION

AND PROCEDURE

Biancone L. J Nephrol 2022;35(3):725-33.35



TELE-CONSULTATION AND KT :

WHAT CANNOT BE DONE !

Biancone L. J Nephrol 2022;35(3):725-33.36



TELE-CONSULTATION AND KT :

PATIENT SATISFACTION

“I felt I received same standard of care as I 
would have from a face-to-face appointment”

“The telehealth appointment helped me better 
understand my healthcare condition” 

Andrew N. J Telemed Telecare 2020;26(4):232-8. 
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II- KIDNEY GRAFT FOLLOW-UP
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1- RENAL FUNCTION MONITORING
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KIDNEY ALLOGRAFT FUNCTION MONITORING 

40



KIDNEY ALLOGRAFT FUNCTION MONITORING 
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A- GFR ESTIMATE
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GFR ESTIMATE 

Musso CG. Int Urol Nephrol 2016;48(7);1105-10.
43



- 11.4 + 9.2

- 4 + 16

- 1.4 + 36.3

eGFR EQUATIONS AFTER KT :

BIASES AND ACCURACY

White CA. AJKD 2008;51(6);1005-15.44



RENAL FUNCTION RECOVERY

AFTER KIDNEY TRANSPLANTATION

Schröppel B. Kidney Int 2014;86(2):251-8.45



eGFRTRAJECTORIES  

AND GRAFT/PATIENT SURVIVAL PREDICTION

Raynaud M. Kidney Int 2021;99(1):186-97.
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B- GFR MEASURE
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 Exogenous substances used :

 Inulin : the 1st substance used, gold standard

 Radio-pharmaceutical substances :

 Diethylene-triamino-penta-acetate labeled with Technetium

(99mTcDTPA)

 Iothalamate marked with Iodine (125I-iothalamate)

 Ethylene-diamine-tetra-acetic acid labeled with Chromium 51

(51CrEDTA)

 Iodine contrast agents : Iohexol

Lacour B. Rev Francoph Lab. 2013;2013(451):25-37.

KIDNEY ALLOGRAFT GFR MEASUREMENT

White CA. AJKD 2008;51(6);1005-15.
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2- ANATOMICAL MONITORING
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KIDNEY ALLOGRAFT

ANATOMICAL MONITORING
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KIDNEY ALLOGRAFT ANATOMICAL MONITORING :

DOPPLER ULTRASOUND

Gillard R. Rev Med Liege 2019;74(9):484-7.51



KIDNEY ALLOGRAFT ANATOMICAL MONITORING :

DOPPLER ULTRASOUND

Gillard R. Rev Med Liege 2019;74(9):484-7.52



KIDNEY ALLOGRAFT ANATOMICAL MONITORING :

FIBROSCAN

Nakao T. Transplant Proc 2015;47, 640-3.
Ma MKM. Int J Urol 2018;25(5), 450-5.
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KIDNEY ALLOGRAFT ANATOMICAL MONITORING :

MRI ELASTOGRAPHY

Kirpalani A. Clin J Am Soc Nephrol 2017;12:1671–9. 

Wang W. CJASN 2019;14:1372–80.
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3- HISTOLOGICAL MONITORING
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KT 
BIOPSIES

Indication Biopsies
(= For Cause)

Protocol Biopsies 
(= Systematic, 

Screening, 
Surveillance)

The Day of 
Transplantation

During Allograft 
Preparation 

Immediately 
After Vascular 
Declamping

After 
Transplantation

KIDNEY TRANSPLANT BIOPSIES
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INDICATION BIOPSIES
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PROTOCOL BIOPSIES
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BENEFITS OF PROTOCOL BIOPSIES

Lee O. Transplant Proc. 2023;55(4):756-68.
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COMPLICATIONS OF KT BIOPSIES

Macroscopic Hematuria
3.18 %

Bleeding Requiring
Transfusion

0.31 %

Major Complications
0.89 %

Ho QY. Transplantation 2022;106(7):1497-506.
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4- BIOMARKERS
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CLINICAL UTILITY OF BIOMARKERS

Cheung CY. Nephrology 2022;27:475-83.

p
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BIOMARKERS OF ACUTE REJECTION :

IL-23 AND IL-17
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BIOMARKERS OF ACUTE REJECTION :

IL-23 AND IL-17

Haouami Y. J Leukoc Biol 2018;104(6):1229-39.
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BIOMARKERS OF EMT/ALLOGRAFT FIBROSIS :

VIMENTIN, CD45, UROPLAKIN
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 Prospective, multicenter study

 Charles Nicolle Hospital,Tunis + Tenon Hospital, Paris

 2008 - 2013

 75 KT patients (23 living and 52 deceased donors)

At 3 months post-KT:

1. Vimentin and β-Catenin expression in the

surveillance biopsy (immunohistochemistry)

2. Urinary measured mRNA encoding Vimentin, CD45,

GAPDH and UPK1a (quantitative PCR)

BIOMARKERS OF EMT/ALLOGRAFT FIBROSIS :

VIMENTIN, CD45, UROPLAKIN

Mezni I. Med Sci. 2015;31(1):68-74. 66



III- IMMUNOLOGICAL MONITORING
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IMMUNOLOGICAL RISK STRATIFICATION

68



IMMUNOLOGICAL RISK STRATIFICATION

Mamode N. Transplant Int 2022;35:10511.
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DSA MONITORING : 
DURING THE 1stYEAR

Wettestein D. Langenbecks Arch Surg 2014;399(4):415-20.70



DSA MONITORING :  
AFTER THE 1stYEAR 

Wettestein D. Langenbecks Arch Surg 2014;399(4):415-20.71



IV- MONITORING OF 

IMMUNOSUPPRESSION 

AND ITS COMPLICATIONS
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1- PHARMACOLOGICAL 

MONITORING
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IMMUNOSUPRESSION : 

NARROW  THERAPEUTIC  WINDOW 

REQUIRING STRICT MONITORING

Weber LT. Pediatr Nephrol 2015;30(2)2:253-65.74



PHARMACOKINETIC MONITORING
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PHARMACOKINETIC MONITORING :

CALCINEURIN INHIBITORS
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PHARMACOKINETIC MONITORING :

ANTI-METABOLITES, mTOR INHIBITORS

Weber LT. Pediatr Nephrol 2015;30(2)2:253-65.77



PHARMACOKINETIC MONITORING :

CALCINEURIN INHIBITORS
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PHARMACOKINETIC MONITORING :

CALCINEURIN INHIBITORS

Charfi R, Bacha MM. Tunis Med 2023;101(10):738-44.79



2-THERAPEUTIC ADHERENCE 

MONITORING
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POOR THERAPEUTIC ADHERENCE :

PREVALENCE

Nerini E. J Nephrol 2016;29:627-36.81



POOR THERAPEUTIC ADHERENCE :

dnDSA DEVELOPMENT 

Wiebe C. AJT 2012.12:1157-67.
82



POOR THERAPEUTIC ADHERENCE :

GRAFT AND PATIENT SURVIVAL DECLINE 

Prihodova L. J Adv Nurs 2014;70(12):2871-83.83



POOR THERAPEUTIC ADHERENCE :

PREVENTION AND SCREENING
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IMPROVING THERAPEUTIC ADHERENCE:

STRATEGIES

Nerini E. J Nephrol 2016;29:627-36.85



IMPROVING THERAPEUTIC ADHERENCE :

BROCHURE
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IMPROVING THERAPEUTIC ADHERENCE :

BROCHURE
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3- PREVENTION AND SCREENING 

OF COMPLICATIONS
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A- METABOLIC COMPLICATIONS :

NODAT
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NODAT :

SCREENING, DIAGNOSIS AND FOLLOW-UP 
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B- INFECTIOUS COMPLICATIONS :

BK VIRUS NEPHROPATHY
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BANFF 2019 :

“IF/TA”             “PVN”

Loupy A. Am J Transplant 2020;20:2318–31.
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BK VIRUS NEPHROPATHY

Sellami N. Anatomopathology Laboratory, Department of Internal Medicine A,  Charles Nicolle Hospital, Tunis-Tunisia.
93



BK VIRUS NEPHROPATHY :
SCREENING AND DIAGNOSIS
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BK VIRUS NEPHROPATHY :
SCREENING AND DIAGNOSIS
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BK VIRUS NEPHROPATHY :
SCREENING AND DIAGNOSIS

Gorgi Y, Bacha MM. OJOTS 2012;2:56-61. 
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Kotton CN. Transplantation 2024;108(9):1834-66.
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BK VIRUS REPLICATION 

IN KT RECIPIENTS : 

SCREENING, DIAGNOSIS

AND MANAGEMENT

Kotton CN. Transplantation 2024;108(9):1834-66.
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C- NEOPLASTIC COMPLICATIONS : 

CANCERS AND PTLD
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RISK OF MALIGNANCIES (PTLD AND KS) AFTER KT :

TUNISIAN EXPERIENCE
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CANCER SCREENING AFTER KT : 

RECOMMENDATIONS

Au E. Nat Rev Nephrol 2018;14(8):508-20.
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