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The situation in kidney transplantation today 

in relation to blood pressure  

Kidney transplantation today is  characterized by 

• Improved short term graft survival and appearance of 
long term morbidities. 

• Hypertension with a frequency ranging from 70% to 
90% is perhaps the co-morbidity with the greatest 
concern. 

• Hypertension is one of the major contributing factors 
leading to cardiovascular disease which is the primary 
cause of death in renal transplant population 

 

                                                                  Howard RJ, et al. Transplantation 2002; 73:1923-1928 

                                                                  Ojo AO, et al. Kidney Int 2000; 57:307-313 

                                                        Vergoulas et al. Hippokratia Journal 2002; 6:62-70 

 



• 272 patients, period 1987-1995 

• Frequency on 7th pt day: 72.7%, on 5th year:67.6% 

 
                                                                                                              Vergoulas et al. Hippokratia Journal 2002; 6:62-70 
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ETIOLOGY OF HYPERTENSION AFTER 

RENAL TRANSPLANTATION (1) 

 Graft endogenous causes of hypertension 

 

–  Donor hypertension and donor age 

–  Acute rejection 

–  Chronic allograft dysfunction 

–  Recurrent or de novo glomerulonephritis 

–   Drug induced nephrotoxicity 

–  Graft outflow obstruction 

                                  Vergoulas G, et al. Hippokratia, 2002; 6: 62-70 



ETIOLOGY OF HYPERTENSION AFTER 

RENAL TRANSPLANTATION (2) 

 Graft exogenous causes of hypertension 
  

Related to the native kidneys 

Graft artery stenosis 

Pre-existing essential hypertension, LVH, BMI 

Polycythemia 

Immunosuppressive therapy 

       Corticosteroids 

       Calcineurin inhibitors 

Transplantation related (DGF, ischemia time) 
                                                                               Vergoulas G, et al. Hippokratia, 2002; 6: 62-70 



Recipient survival when there is patient’s history of 

essential hypertension before transplantation 

                                       Vergoulas G, et al. Hippokratia 2004; 8(2): 62-68  
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Recipient Survival in the Presence of Hypertensive 

Donor 

                                              Vergoulas G, et al. Hippokratia 2004; 8(2): 62-68  
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Graft survival and donor hypertension 

                                               Vergoulas G, et al. Hippokratia 2004; 8(2): 62-68  
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Hypertension after kidney transplantation 1. 

 

• Hypertension arbitrarily is considered to exist 
when SBP>140 or DBP>90 mmHg or when the 
patient is taking antihypertensive medication. 

• Treatment of elevated blood pressure in renal 
transplant recipients is essential as 
hypertension has been shown to correlate with 
increased cardiovascular morbidity and 
mortality as well as graft loss. 
 

                                                                                                              Opelz G, et al. Kidney Int 1998; 53: 217-222  
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• Graft survival in patients with and without hypertension 

after kidney transplantation (223 pts, 1987-96) 
                                                                           Vergoulas G, et al. BANTAO Journal 2003;1:261-263  
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Hypertension after kidney transplantation 2. 

• There is inverse correlation between 

severity of hypertension and graft survival 

• Each 10 mm Hg rise in SBP independently 

increases the risk of death and death 

censored graft failure by 18% and 17% 

respectively 
•                                                                   Kasiske BL, et al. Am J Kidney Dis 2004; 43: 1071-1081   

 



Risk of kidney graft loss with increasing SBP 

                                                    Opelz G, Kidney Int 1998; 5:217 

0

0,5

1

1,5

2

2,5

<140 140-

149

150-

159

160-

169

170-

179

>180

Σχετικός κίνδυνοςRelative risk 



Risk of kidney graft loss with increasing DBP 
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Graft function has significant impact on Systolic and 

Diastolic BP (272 pts, multiple regression analysis) 

                                              Vergoulas et al. Bantao J. 2003; 1(2): 264-266 

SBP: p:0.0005 

DBP; p:0.001 

BW; p: NS 



To estimate in a different way the relation of 

measured blood pressure with graft survival 

 

 

• We divided our patients into two groups: 

• One group with > 10 year graft survival 

and  

• A  second group with graft survival > 1 and 

< 10 years  
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Which is the impact of achieved-measured 

blood pressure during time? 

• In fact it is not known which level of blood 
pressure is normal or not individually. 

• This level of BP depends upon many factors 
such as age, race, sex, arterial stiffness etc and 
in any case is individualized. 

• The grouping of patients in normotensives and 
hypertensives is arbitrary.   

• The impact of the measured blood pressure 
level,  with or without antihypertensive 
medications, as a constant variable during time 
on graft survival is not known and certainly 
there is center effect.   



 

 

    Mean value and standard deviation of SBP, DBP and PBP 
(mmHg) during the five year follow up (356 pts). 
 

 

                                       SBP                    DBP                 PBP 

    1st year        134.32±16.20       85.90±9.66       48.62±1.38 

 

    2nd year       133.57±15.72       84.86±9.10       48.71±12.49 

     

    3rd year        133.50±17.64       85.54±9.97       47.96±13.09 

 

    4th year        132.28±15.10       84.44±8.65       47.83±11.53 

 

    5th year        133.06±14,09       83.87±8.31       49.19±10.22 
                                     Vergoulas G, et al. Nexus Symposium on Hypertension, Vienna,  November, 2007 



Cox regression analysis* of the relative risk of graft 

loss during 5 year follow up (Scr and SBP 

measured at 1st year after transplantation) 

                                                             Wald         Sig       Exp(B) 

    Rejection                         7.364       0.007     1.604 

    Systolic Blood pressure   5.992      0.014     1.012  

    Ser creatinine (1st year)  26.994     0.000     2.588 

* Variables entered in the final cox regression analysis were: body 

weight before transplantation, 1st year systolic blood pressure, 

delayed graft function, recipient sex and age, time in dialysis 

before transplantation, acute rejection episodes, serum 

creatinine at one year, common HLA antigens, graft origin 

(living or cadaveric donor), number of transplantation  (1st, 2nd, 

3rd).                 Vergoulas G, et al. Nexus Symposium on Hypertension, Vienna,  November, 2007 

 



Five year follow up of blood pressure of 356 transplanted patients 

                                 Vergoulas G, et al. Nexus Symposium on Hypertension, Vienna,  November, 2007 

Segmented, time related, Cox regression analysis 
on the relative risk of graft loss because of five 
year SBP, DBP and PP.  

                                                   Wald                   Sig        Exp(B) 

    SBP                   0.426               0.514       1.005 

    DBP                  0.022                0.882        0.993 

    PP                     1.371               0.242        1.011 

   Segmented time related Cox regression analysis 
on the relative risk of graft loss because of five 
year SBP, DBP and PBP (deaths excluded). 

                                                       Wald                     Sig               Exp(B) 

     SBP           0.752                    0.386            1.008 

     DBP           0.022                    0.882            0.998 

     PBP           1.378                    0.241            1.013 

 



Treatment of Hypertension after 

kidney transplantation 
 

• Posttransplant hypertension is often difficult to control 
and many patients require multiple antihypertensive 
agents 

The blood pressure to be treated after Rt is: 

• A blood pressure higher than 130 / 85 mmHg in Rt 
recipients without proteinuria 

• A blood pressure higher than 125 / 75 mmHg in Rt 
recipients with proteinuria 

 
 

                                                 Kasiske et al. J Am Soc Nephrol 2000; 11 (Suppl 15): S1-S86 

                                           Mailloux et al.Am J Kidney Dis 1998; 32 (Soppl 3): S120-S141 

                                           European best practice guidelines. Nephrol Dial Transpalnt 2002;        

                                                 17(Suppl 4): S25-S26 

 

  



Non pharmacologic measures against  

hypertension in Rt recipients 

• Life – style changes 

– Salt intake, body weight, smoking, alcohol intake, 
exercise 

• Control of associated risk factors 

– Lipids (statins, fibrates) 

– Insulin resistance: insulin sensitizers (metformin, 
glitazones?) 

– Platelet aggregation: aspirin, others?  

• Manipulation of immunosuppression 
                                                                                       Chobanian AV et al. LAMA 2003; 289: 2560-2572 

                                                                            Calhoun DA, et al. Hypertension 2008; 51: 1403-1419 

 

  

 

 



Manipulation of immunosuppression: 

Corticosteroids  

• Lower corticosteroid dose as soon as possible 
• High doses of corticosteroids can directly cause 

hypertension and the long term maintenance dose may 
cause or aggravate hypertension The estimated 
incidence of arterial hypertension induced by 
corticosteroids is 15%. 

• The conversion from every day to alternate day may 
cause a reduction on arterial blood pressure. 

• There is question if steroid withdrawal is associated with 
lower blood pressure. 

                                                   Citterio F. Trasplantation 2001; 72(SUppl): S75-S80 

                                                   Goodwin JE, et al. J Am Soc Nephrol 2008; 19: 1291-1299 

                                                   Opelz G et al. Am J Transpl 2005; 5: 720-728 

 

 

 



Corticosteroid effect on pathophysiology of 

transplant hypertension 

   
– Sodium retention  

– Plasma volume expansion  

– Increased sensitivity to endothelin-1 & Ag II 

– Increased density of glucocorticoid receptors 

– Decreased production of vasodilatory 
prostaglandins 

– Renin secretion in hypertensive Rt recipients 

 

 
                                                                                      Whitworth et al. Kidney Int 1987; 31:1213-24 

                                                                            Kutkuhn et al. Urol Int 1994; 52:86 

 



Manipulation of immunosuppression: 

Calcineurin inhibitors 

• Cyclosporine A  

• Tacrolimus 

 

• Reduce or avoid calcineurin inhibitors 

• Replace CsA by using less hypertensive 

and less nephrotoxic drugs (AZA, MMF, 

Tacrolimus, Sirolimus, Everolimus) 



Cyclosporine effect on pathophysiology of 

transplant hypertension 

 

– Reduction of GFR and Renal blood flow 

– Increase of intra-renal vascular resistance 

– Constriction of afferent arteriol 

– Impaired autoregulatory function 

– Raise of peripheral vascular resistance  

– Sodium retention  
                                                                               Van den Dorpel et al. Hypertension 1996;28:304-307 

                                                                      De Matos et al. Am J Kidney Dis 1996; 28:631-637  



Freedom of antihypertensive agents at 1, 3, and 5 years after 

renal transplantation in patients on CsA or tacrolimus 
Pirsch JD, Transplantation 1997;63,977, Jensic SC, Transplant Proc 1998; 30: 1216, Pirsch JD, 

Transplantation 2000; 69(Suppl):S113  

 



Systolic (A) and diastolic (B) blood pressure after cyclosporine 

elimination in a protocol with steroids, CsA and sirolimus 

                                                            Morales JM, Kidney Int 2002; 62(Suppl 82): 81-87 

 



 

• TRANSPLANT CLINICIANS MUST CHOOSE 

ANTIHYPERTENSIVE AGENTS PROVIDING 

THEIR PATIENTS WITH MAXIMUM BENEFIT 

FROM RENAL ALLOGRAFT AND 

CARDIOVASCULAR PERSPECTIVE 

 

• THE TARGET MUST ALWAYS BE LONG 

TERM PATIENT SURVIVAL, LONG –TERM 

GRAFT SURVIVAL, ACCEPTABLE QUALITY 

OF LIFE 



PHARMACOLOGICAL THERAPY 

• Calcium channel blockers (CCBs) 

• ACE Inhibitors (ACE-I) 

• Angiotensin receptor blockers (ARBs) 

• Diuretics 

• Direct Renin inhibitors??  

     

• Other antihypertensive drugs 

– β-blockers 

– α-adrenergic receptor antagonists 

– Centrally acting α-2 receptor agonists  

– Direct vasodilators  



Selection of antihypertensive 

therapy 

• Must be based on prior history of success of 
antihypertensive medications in facilitating blood 
pressure control before transplantation. 

• The best manipulation of arterial blood pressure 
after transplantation is not known yet. 

•  No single antihypertensive agent has been 
found to be more efficacious and better tolerated 
than the others. 

• The initial antihypertensive therapy must aim at 
the patient and graft risk factors. 



WHICH ARE THE BEST ANTIHYPERTENSIVE 

AGENTS - TIMING 

 
• Calcium channel blockers have been used in kidney 

preservation with great success which is due to 
protection of tubular epithelium. 

• In the peritransplantation and early transplantation 
period  there is a degree of ATN and the best treatment 
of hypertension were CCBs until recently.  

• We must avoid to be aggressive in this approach. 

• When we use CCBs we must reduce the blood pressure 
to normal levels after the recovery of the allograft from 
the ATN because the afferent arteriolar dilatation 
conveys the systemic blood pressure into the glomerulus 
and in long term may result in kidney damage. 

 



After the immediate post-transplant 

period  

• If the serum creatinine is normal ARBs or 

ACE-inhibitors alone or in combination 

with CCBs. 

• If the native kidneys are in situ and 

hypertension is resistant add b-blocker 

• If there is heavy proteinuria ARB and/or  

ACE inhibitor. Otherwise we add loop 

diuretic. 



If there is edema 

 

• During the immediate post-transplant period 

– Use of loop diuretics alone or in combination with 

other drugs, especially in cases with urine output less 

than 50 ml/h. 

• When there is chronic allograft nephropathy 

– Use of diuretics in combination with CCBs (close 

observation is advised). ACE inhibitors or ARBs can 

be used when GFR > 30 ml/min with close 

observation. 

 



Long term effects of ACE inhibitors 

and ARBs 

• Associated with a significant decrease in GFR 
(-5.8 ml/min) 

• Decrease of hematocrit of 3.5% 

• Reduction of proteinuria  

• No change in potassium 

• Insufficient data to determine the effect on 
patient and graft survival. 

• Hiremath S et al. Am J Transplant 2007; 7: 2350-2360 (1153 articles, 21 trials, 1549 pts, 
systematic review, meta analysis), Vergoulas et al. Hippokratia 2001; 5(4):165-171, Vergoulas 
et al. Hippokratia 4(2): 67-72 



 

Vergoulas et al. Hippokratia 2001 

5(2): 61-68 



In case of impaired renal function 

 

• Diuretics and CCBs 

• If hypertension is intractable use second 

line antihypertensives such as b-blockers 

or centrally acting antihypertensives 

• The use of ACE-inhibitors or ARBs 

depends upon the GFR  



In case of normal graft function and 

presence of other co morbidities 

• ARBs or ACE inhibitors are the drugs of 

choice in patients with proteinuria and 

erythrocytosis 

• ARBs or ACE inhibitors can replace CCBs 

in cases with peripheral edema, headache 

or gingival hyperplasia 

• ARBs can replace ACE inhibitors if there is 

dry cough  



SEVERE ALLOGRAFT NEPHROPATHY 

 

 

• Usually the drug of choice is a loop 

diuretic alone or in combination with any 

other antihypertensive agent  

• Avoid ACE-inhibitors and ARBs 



Nephrotic range proteinuria 

 

• Try the combination of ARBs with ACE 

inhibitors alone or with a loop diuretic, 

always under strict follow up 

• There is no information regarding the 

concomitant presence of nephrotic range 

proteinuria and severe renal failure (4th or 

5th stage) 

 



The use of ATII blockers immediately before 

nephrectomy 

• Renin and angiotensin concentrations in cadaveric 
kidney graft donors are significantly greater in donors 
of initially nonfunctioning grafts.  

• Graft recipients have an activated RAAS.  

• Administration of ATII blockers to cadaveric kidney 
donors immediately before nephrectomy preserves 
intrarenal hemodynamics and decreases the number 
of postoperative ARF episodes from 58% to 25%.  

                                                           

                                                          Koller J, et al. Transplant Proc 1990; 22: 349-350 

                                                          Hulland H, et al. Transplantation 1983; 36: 139-1142                                                                                                                    

                                                          Hestin D, et al. Clin Nephrol 1997; 48: 98-103    



Use of ARBs or ACE inhibitors in the 

peritransplant and early posttransplant period 

• The excess RAAS activity in both cadaveric 
kidney donor and recipient are important 
contributors to the pathogenesis of DGF. 

• Recently it has been shown that early ACEI/ARB 
treatment after Rt is safe with no compromise of 
graft function and  

• Patients with DGF might benefit from blockade 
of RAAS system by shortening the time to graft 
recovery. It must be confirmed by others. 

 Blumenfeld et al. Am J Hypert 2001; 14:1270 

    Lorenz M et al. Am J Med 2004; 43:1070 

    Formica RN, et al. Transplant Proc 2004; 36: 2675-2678 
Midtvedt K, et al. Transplantation 2001; 72: 1787 



Proportion of serum creatinine > 2 mg /dl (p< 0.01) 

                     Lorenz M, et al. Am J Kidney Dis 2004; 43: 1065-1070 



Proportion of patients with DGF and serum creatinine > 2 

mg/dl 

                                         Lorenz M, et al. Am J Kidney Dis 2004; 43: 1065-1070 



ARBs plus RIs (renin inhibitors) 

• Dual blockade of the RAS with ARB plus 

aliskiren has additive effects to decrease 

severe proteinuria and elevated blood pressure 

in kidney transplant recipients. Neither relevant 

adverse effects on renal function nor anemia or 

hyperkalemia were observed. This effect could 

contribute to prolongation of graft survival.   
                                                                         Lopez V, et al. Transplant Proc 2010; 48: 2883-2885 

• Aliskiren added to lamipril and candesartan reduced 

the proteinuria of a transplanted patient with heavy 

relapsing nephrotic syndome because of FSGS. 
                                                                       Freiberger V, et al. Transplant Int 2009; 22: 1110-

1113   



What about the use of Renin blockers in 

transplant recipients 

• One concern about aliskiren use in renal transplant 

recipients is the drug – drug interaction with 

cyclosporine where P-glycoprotein mediated drug 

transport is inhibited resulting in a several-fold 

increase in aliskiren exposure.  

• It is not known if aliskiren presents the same 

interaction with other immunosuppressant agents that 

are P-gp substates (tacrolimus, sirolimus, everolimus). 
                                   Packag insert. Tekturna (aliskiren). East Hanover, NJ: Novartis, Pharmaceutical Corp. 2009  



What about the old recipients or diabetics or 

recipients with previous heart surgery? 

 

• Be careful when you lower the blood 

pressure in these people. 

• Look at the diastolic BP too. 

 

• Danger of MI or Sudden death. 

 

 



• Thank you for your attention. 

 

 


