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Abstract 

 

Diabetes is a rapidly growing problem of the commu-

nity health. The resulting morbidity and mortality are 

responsible for the complications of diabetes. Nephro-

pathy caused by diabetes often causes serious morbidi-

ty and mortality. In this review, we discuss the current 

approaches to prevent diabetic nephropathy based on 

the available literature evidence. 

 
Keywords: nephropathy, novel approaches, diabetes 

___________________________________________ 

 

Introduction 

 

Type 2 diabetes mellitus (T2DM) is one of the rapidly 

spreading illnesses universally [1]. When the macro- 

and microvascular complications develop, problems rela-

ted to diabetes are multiplied. Simply, diabetic micro-

vascular complications contain nephropathy, retinopa-

thy, and neuropathy. Renal and cardiovascular compli-

cations are the most problematic faces of T2DM. One 

of the goals of diabetes treatment is to prevent morbi-

dity and mortality due to these complications.  

 

Lifestyle Modifications 
 

Treatment is based on controlling blood glucose and 

blood pressure levels pharmacologically in an ailment 

that is firmly related to lifestyle components such as 

bad diet habits, stationary and sedentary life [2]. One of 

the most important element of diabetes care should com-

pose dietary interventions [1]. Nutrition information helps 

keep blood sugar levels optimal in patients with T2DM 

[3]. Increasing nutritional knowledge and experience 

provides a balanced approach to the care of T2DM [3]. 

Decreasing hemoglobin A1c (HbA1c) can be presen-

ted along with the oral anti-diabetic drugs with patient 

education programs such as medical nutrition therapy 

(MNT). Individualized MNT was found effective in 

decreasing HbA1c level in patients diagnosed with pre-

diabetes [4]. Regular movement prevents disease progre-

ssion in subjects with impaired glucose tolerance [5]. 

The majority of people with T2DM are individuals with 

weight management problems, and weight loss is an 

approach which is preferable. Most of the weight-loss 

initiatives in overweight or obese adults with T2DM 

result in less than 5 percent weight loss and it would 

not lead to useful results metabolically. When more than 

five percent weight loss it can provide positive effects on 

glycemic control and blood pressure. Achieving this 

level of weight loss needs concentrated attempts such 

as energy limitation and tidy physical activity. Losing 

weight in many diabetics with weight problems is not 

a realistic approach to primary treatment of meticulous 

glycemic control. Nutrition therapy for individuals 

with T2DM should urge a healthy eating behavior, 

decreased energy intake, orderly and steady physical 

activity [6]. T2DM develops as a result of a decrease 

in the sensitivity of insulin receptors. Largely, these 

diabetic patients have uncontrolled blood sugar levels, 

obesity and cardiovascular disease. Metabolic correc-

tion such as proper diet and scientific supplementation 

has been suggested as a suitable approach to improve 

clinical parameters [7]. In addition, attempts as precise 

metabolic, blood pressure and lipid management is 

aimed to slow down the loss of renal function. 

Therefore, to develop new methods to improve the 

complications of T2DM has become a priority for 

research. Despite the rapid progress of information on 

the molecular mechanisms of these complications, 

effective new treatments are still missing [8]. Despite 

recent scientific innovations, diabetic nephropathy conti-

nues to be a therapeutic problem. Diabetes manage-

ment, targets a retarded progression of renal function 

loss by rigorous blood sugar, blood pressure and lipid 

control. At the same time, diabetes treatment is ne-

cessary to be individualised. Meticulous, tight glycemic 

control reduces microvascular complications in patients 

with diabetes. On the other hand, meticulous glycemic 

control has a limited effect on the macrovascular 

complications or it may lead to increased risk of major 
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cardiovascular events [9]. By the way, smoking is a 

risk factor for the progression of diabetic nephropathy 

in patients with type 1diabetes [10]. So, one of the 

most important initiatives that can be done at this point 

may be to quit smoking. 

 

Conventional treatments and renal and 

cardiovascular complications 
 

Insulin and glyburide were observed to be associated 

with an increased risk of major cardiovascular events. 

Lachin et al. examined differences among rosiglita-

zone, metformin and glyburide over 5 years [11]. Al-

bumin/creatinine ratio, eGFR, and blood pressure were 

examined in the patients. The albumin/creatinine ratio 

was found to slowly increase with metformin. Metformin 

was found as ineffective in lowering albuminuria and 

in microvascular protection in the short and long term, 

respectively. The albumin/creatinine ratio was found 

to slightly decrease with glyburide during the first 2 

years, then increased slowly over time.  

Strict control of blood sugar and blood pressure at 

desired levels prevent the formation and progression of 

microvascular complications. Albuminuria reducing 

effects of renin-angiotensin system inhibitors are greater 

than those of calcium channel blockers. In the ADVANCE 

study, a combined touch of blood pressure reducing 

and meticulous glucose control by gliclazide resulted 

in significant reductions in major renal events and all-

cause mortality [12]. During 4.3 years of follow-up, 

risks of macrovascular and microvascular events, renal 

events, and death were assessed yearly in this study.  

There was no report about the possible role of alpha-

glucosidase inhibitors on the progression of diabetic 

nephropathy. Positive effects of metformin have been 

shown in the recently diagnosed T2DM with obesity 

[13]. Metformin lowers both mortality and morbidity 

in T2DM patients probably due to its cardioprotective 

property that is independent of its hypoglycemic 

effect, and not produced by sulphonylureas or insulin 

[14]. Despite this positive cardiovascular effects in pa-

tients with T2DM, there is no evidence of nephropathy 

reducing effect of metformin.  

Abdominal obesity, metabolic syndrome, type 2 diabe-

tes, cardiovascular disease and microvascular diabetic 

complications are all closely connected with chronic 

low grade inflammation. Likewise, glucose-lowering 

agents could additionaly contribute to improved out-

comes via their anti-inflammatory effects [15]. Since 

both agents are considered as insulin-sparing or insulin 

sensitizers, most of the studies have used metformin 

and pioglitazone for this purpose. Both agents seem to 

have greater anti-inflammatory activity than sulphony-

lureas or glinides. Metformin and pioglitazone act as 

AMP-activated protein kinase (AMPK) activator and 

peroxisome proliferator-activated receptor-gamma (PPARγ) 

agonists, respectively. Pioglitazones were associated 

with very low tissue and serum inflammation. The effect 

of α-glucosidase inhibitors on inflammatory markers 

seems quite small. PPAR-γ agonists such as thiazoli-

dinediones make insulin resistance better and contri-

bute to diabetes control in theory. 

Externally supplied insulin may also have anti-inflamma-

tory effects. It is necessary to differentiate anti-infla-

mmatory effects due to meticulous glucose control from 

anti-inflammatory class effect.  

The classic nomenclature "diabetic nephropathy" has 

altered to "diabetic chronic kidney disease" (DCKD) 

[16]. In the diabetic environment, both metabolic and 

hemodynamic disequilibriums, principally such as ac-

tivation of the renin-angiotensin system, create a chain 

of events. Tubular epithelial cells, podocytes, and me-

sangial cells can fabricate profibrotic cytokines which 

contribute to increasing proteinuria during the forma-

tion and progression of DCKD [17]. The benefits of 

intensive glycemic control in type 1 and 2 DM were de-

laying the commencement and progression of DCKD 

and decreasing the cardiovascular event rates [17,18]. 

There is no detailed information specific to renal pro-

tective properties of insulin therapy other than the be-

nefits arising from rigorous blood glucose control [17]. 

On the other hand, as a more advanced technology in-

sulin pump therapy was found to be associated with 

lesser cardiovascular mortality than multiple insulin 

injection in type 1 diabetes mellitus [19]. 

 

New pharmacological strategies and renal and 

cardiovascular complications 
 

Dipeptidyl peptidase-4 inhibitors (DPP4-I) reduce blood 

glucose levels by preserving glucagon-like peptide-1 

(GLP-1) from enzymatic breakdown, thereby repairing 

insulin release induced by food. Since DPP-4 inhibitors 

have some non-incretin substrates, such as cytokines, 

chemokines, and neurohormones, there may be some 

desired and unanticipated vascular effects due to stabi-

lization of these substrates by DPP4-I. 

As a result of experimental studies, inhibition of DPP4 

is thought to improve inflammation, endothelial function, 

blood pressure, and lipid metabolism [20]. Potentially 

beneficial effects were reported on diabetic microvas-

cular complications as a result of the inhibition of 

DPP4 in experimental studies [21]. Although early cli-

nical knowledge support the protective role of DPP4 

inhibitors in diabetic microangiopathy, there is in-

adequate information claiming that this class of drugs 

directly prevents or reduces microangiopathy indepen-

dent of glucose control in humans [21]. Experimental 

plus early clinical knowledge propose that DPP4 inhi-

bition has the potential to interfere with the onset and 

progression of microangiopathy [21,22]. DPP4 inhibi-

tors were found to set against vascular smooth muscle 

cell proliferation which alleviates neointimal hyperplasia 

in experimental and early clinical studies [21]. Although 
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experimental and early clinical studies propose that DPP4-

I can provide protective effects on vasculature, results 

of placebo-controlled phase IV trials have yet shown 

no decline in cardiovascular outcomes [21]. Zheng et 

al. demonstrated that increased plasma DPP4 activities 

were vigorously associated with type 2 diabetic nephro-

pathy. They suggested these associations do not suggest 

causality [15]. DPP-4 inhibitors and glucagon-like pepti-

de-1 (GLP-1) receptor agonists seem more encouraging 

in terms of their anti-inflammatory effects [15]. These 

incretin-based therapies carry out pleiotropic effects.  

Inhibitors of sodium-glucose cotransporters type 2 

(SGLT2) recommend a new route for the handling of 

T2DM [23]. These promising drugs diminish hypergly-

cemia by increasing urinary glucose excretion. Ensuing 

decline in glucotoxicity rehabilitates beta-cell sensitivity 

to glucose and tissue insulin sensitivity. So, SGLT2 

inhibitors meaningful and permenantly lower glycated 

hemoglobin, with the least hypoglycemia risk. The 

amelioration of glucose control is similar or even 

slightly better than metformin, sulfonylureas or sitag-

liptin, with the add-on value by providing meaningful 

reductions in body weight and blood pressure. Inhibi-

tion of SGLT2 by dapagliflozin has moderate and mar-

ked effects on uric acid elimination and reduces plas-

ma uric acid levels. Although the inhibition of SGLT2 

increases uric acid excretion, the osmotic effect of 

glucose significantly dilutes the urine, increases the 

urine flow rate and reduces the likelihood of nidus 

formation [24]. Inhibitors of sodium-glucose transporter-

2 (SGLT-2) may have a "potentially nephroprotective" 

effect by a number of mechanisms such as restoring the 

tubuloglomerular feedback mechanism and reducing 

glomerular hyperfiltration, reducing hyperglycemic in-

flammation and fibrotic markers, and limiting renal 

injury. Attention has been suggested in frail geriatric 

patients and patients with chronic kidney disease. It 

shows an increased risk of genital fungal infections. 

Concern about an unforeseen risk of euglycemic keto-

acidosis has been lately reported. As an interesting fin-

ding, a striking reduction in cardiovascular mortality 

was reported with empagliflozin which is an example 

of a SGLT2 inhibitor. Canagliflozin usage in elderly 

patients and in patients with renal impairment was 

found to be associated with a decreased efficiency and 

an increased risk of unwanted effects such as hypoten-

sion, further deterioration of renal function, hyperpota-

ssemia, hypoglycemia, genital fungal infections, and 

elevation in the low-density lipoprotein levels [25]. There 

are no clinical studies about anti-inflammatory effects 

of sodium-glucose cotransporter type 2 (SGLT2) inhi-

bitors. Although SGLT2 inhibitors may have indirect 

effects due to reduced glucotoxicity, they do not seem 

to have a systemic anti-inflammatory activity. 

Tight blood pressure and glucose control is evenly im-

portant. Renin-angiotensin-aldosterone system (RAAS) 

inhibitor medications only partially protect against the 

development and progression of diabetic nephropathy. 

In contrast, RAAS inhibitors seem to fail as primary 

prevention therapy in type 1 diabetes [26]. Examples for 

hopeful targets for neurohormonal activation (inhibi-

tion of alternative components of RAAS and nepri-

lysin), tubuloglomerular feedback mechanisms (sodium 

glucose cotransporter 2 inhibitors and incretin-based 

therapy) and renal tissue inflammation and fibrosis. 

DPP4 activity was demonstrated as a predictor for the 

onset of inflammation and microalbuminuria in Chine-

se patients without diabetes and it was suggested that 

this finding might have important implications in un-

derstanding the proinflammatory role of DPP4 in mic-

roalbuminuria pathogenesis [27]. There was a limited 

number of reports on the assessment of different anti-

hypertensive agents in preventing nephropathy among 

type 1 hypertensive diabetics. Many studies display the 

profit of an ACEI or ARB in preventing or delaying the 

onset of nephropathy in patients with type 2 diabetes 

and hypertension [28]. Antiproteinuric effects of RAS 

combination therapy do not seem to augment the pre-

vention of renal disease progression. Combined use of 

the RAS inhibiting agents was found to be associated 

with an increased rate of serious adverse events [29].  

 

Discussion 

 

The common point of microvascular complications is 

glucose-induced damage. Factors that lead to the prog-

ression of diabetic complications may be the formation 

of oxidative stress, inflammation and advanced glyca-

tion end products. Carotenoids (such as lutein, zeaxan-

thin, lycopene, and astaxanthin) as part of the antioxi-

dant system may contribute to attenuate free radical 

injury, and reduce inflammation, and they may be used 

as part of an approach to inhibit the complications asso-

ciated with diabetes [30]. Recent molecules, such as bar-

doxolone methyl, pentoxifylline, inhibitors of protein 

kinase C (PKC), sulodexide, pirfenidone, endothelin re-

ceptor antagonists, vitamin D supplements, and phosphate 

binders have been associated with controversial con-

sequences or significant side effects [29].  

GLP-1R agonists have impact over glucose control that 

may have an indirect role in nephroprotection.  GLP-1R 

agonists induce fullness and reduce body weight. Body 

weight was not affected by DPP-4 inhibitors. DPP4 

inhibitors improve renal microvascular complications 

to a lesser extent than GLP-1R agonists [31].  Incretin-

based therapies may have positive effects on renal 

hemodynamic, metabolic and inflammatory parameters 

involved in the pathogenesis of diabetic nephropathy 

[31]. Both incretin-based drugs have been reported to 

inhibit renal tubular sodium reabsorption in experimental 

models and in humans, as well as to reduce glomerular 

pressure and albuminuria [31]. DPP4 inhibitor linagliptin 

was found to be associated with a significant reduction 
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in clinically relevant kidney disease end-points in pa-

tients with type 2 DM in a large-scale study [32].  

Both the angiotensin converting enzyme and dipep-

tidyl peptidase-4 are the main enzymes involved in the 

degradation of bradykinin and substance P, theoreti-

cally increasing the risk of angioedema (AO), espe-

cially due to the accumulation of vasoactive kinins, when 

both are pharmacologically inhibited. It has been reported 

that the use of concurrent ACEI and DPP-4 inhibitor 

may be associated with a five-fold increase in the risk of 

AO when compared with ACEI alone. Patients with a 

known predisposition for angioedema should be care-

fully considered and monitored when treating [33]. 

 

Conclusions 
 

The available early information on the potential car-

diorenoprotective role of SGLT2 inhibition in patients 

with diabetes are supportive. Strong enough trials with 

renal outcomes are needed to assess the renal protec-

tive effects of antihyperglycemic drugs, especially in 

the cases of dipeptidyl peptidase-4 inhibitors, glucagon-

like peptide-1 receptor agonists and sodium-glucose 

cotransporter 2 inhibitors. Since glucose, blood pressu-

re and lipid levels are paramount parameters of vascu-

lar load, new approaches are needed to adjust these fac-

tors vigorously together in T2DM. There is still a long 

way to go in the field of DN research.  
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Abstract 

 
Studies have documented independent contribution of 

sympathetic activation to the cardiovascular disease con-

tinuum. Hypertension is one of the leading modifiable 

factors. Most if not all the benefit of antihypertensive 

treatment depends on blood pressure lowering, regard-

less how it is obtained. Resistant hypertension is defi-

ned as blood pressure that remains uncontrolled in spite 

of the concurrent use of three antihypertensive drugs of 

different classes. Ideally, one of the three drugs should 

be a diuretic, and all drugs should be prescribed at op-

timal dose amounts.  

Poor adherence to antihypertensive therapy, undisco-

vered secondary causes (e.g. obstructive sleep apnea, 

primary aldosteronism, renal artery stenosis), and life-

style factors (e.g. obesity, excessive sodium intake, 

heavy alcohol intake, various drug interactions) are the 

most common causes of resistant hypertension.  

Cardio(reno)vascular morbidity and mortality are sig-

nificantly higher in resistant hypertensive than in gene-

ral hypertensive population, as such patients are typi-

cally presented with a long-standing history of poorly 

controlled hypertension. Early diagnosis and treatment 

is needed to avoid further end-organ damage to prevent 

cardiorenovascular remodeling.  

Treatment strategy includes lifestyle changes, adding a 

mineralocorticoid receptor antagonist, treatment adheren-

ce in cardiovascular prevention and, in case of failure 

to control blood pressure, renal sympathetic denervation 

or baroreceptor activation therapy. The comparative out-

comes in resistant hypertension deserve better under-

standing. In this review, the most current approaches 

to resistant hypertension and cardiovascular risk based 

on the available literature evidence will be discussed. 

 
Keywords: resistant hypertension, cardiorenovascular risk 

___________________________________________ 

 

Introduction 

 

Despite numerous treatment methods, a significant num-

ber of patients does not achieve optimal blood pressure 

levels. Resistant hypertension (RH) is diagnosed when 

treatment strategy including lifestyle changes and use 

of three antihypertensive drugs (one of them being a 

diuretic) at recommended doses fails to lower systolic 

blood pressure (SBP) and diastolic blood pressure (SBP) 

values to <140 and <90 mmHg (<140/85 mmHg for diabe-

tic patients), or when patients use four or more antihy-

pertensive drugs regardless of blood pressure control 

[1]. The prevalence of RH in general hypertensive po-

pulation is 10-15% [2,3]. RH can be real or apparent 

(pseudoresistant). The most common causes of pseudo-

resistance are:  

1) poor adherence to antihypertensive therapy;  

2) white-coat effect;  

3) inaccurate measurement of blood pressure;  

4) pseudohypertension, i.e. arterial stiffening caused 

by extensive calcifications which prevents occlusion 

of the brachial artery; it is more common in elder-

ly patients [4].  

Poor adherence to antihypertensive therapy is the most 

important cause of unsuccessful blood pressure control. 

Retrospective analyses show that approximately 40% of 

patients will not continue their antihypertensive medi-

cations during the first year after diagnosing RH. During 

5-10 years of follow-up, those numbers reach 60% [5].  

Inaccurate blood pressure measurement is not unco-

mmon; it occurs when patients are not instructed to sit 

calmly and quietly, and when the cuff is too small [6]. 

Keeping that in mind, pseudoresistant hypertension 

should not be confused for real one in order to avoid 

unnecessary diagnostic procedures and treatments. 

Successful treatment involves the physician (correct 

pharmacological approach, reduce therapeutic inertia) 

and the patient (to regulary take medications that have 

been proven effective and well tolerated).  
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We need diagnosis-based approach that takes into con-

sideration not only a person's blood pressure but also 

the overall cardiovascular risk (CVD) [7]. 

 

Predictors of resistant hypertension  
 

Studies of RH are limited by high cardiovascular (CV) 

risk in this population; comorbidities (e.g. diabetes, chro-

nic kidney disease, obstructive sleep apnea) and their 

associated medical therapies which can be confoun-

ding factors; and the inability to include a large num-

ber of study participants [8]. However, studies show 

that BP is usually not regulated because of persistently 

elevated SBP [9]. In early adulthood, SBP is higher in 

men than in women, whereas after the age of 60, it is 

higher in women. DBP values also increase until the 

age of 55, and later steadily lower. Consequently, pulse 

pressure (the difference between SBP and DBP) in-

creases. Other predicting factors are old age, obesity, 

and chronic kidney disease [9,10]. 

 

Etiology  
 

RH has an extreme phenotype, so it would be reaso-

nable to expect that genetic factors may play a great 

role. Although the genetic researches are limited, a 

certain number of genes has been associated with 

impaired response to antihypertensive treatment. Ho-

wever, environmental factors contribute to the deve-

lopment of RH, making it a multifactorial disease [4]. 

Lifestyle factors that are associated with RH are obe-

sity (BMI>30 kg/m2), excessive dietary sodium intake, 

heavy alcohol intake, and use of drugs such as nonnar-

cotic analgesics, especially nonsteroidal antiinflamma-

tory agents (NSAIDs) [4]. 

Secondary causes include unrecognized/untreated ob-

structive sleep apnea (OSA), primary aldosteronism, 

chronic parenchimal kidney disease, renal artery ste-

nosis, and diabetes. Uncommon causes are pheochro-

mocytoma, Cushing's disease, aortic coarctation, and 

intracranial tumors [8]. 

 

Diagnosis 

 

To determine true hypertension, the French Society of 

Hypertension gave the following recommendations [11]:  

1) To avoid poor blood pressure measurement, a 

standardized device and an appropriate cuff-size 

should be used;  

2) White-coat effect should be eliminated by ambu-

latory (ABPM) or home (HBPM) blood pressure 

measurement. Thresholds for uncontrolled hyperten-

sion are: HBPM≥135/85 mmHg, 24-h ABPM ≥130/80 

mmHg, day-time ABPM ≥135/85 mmHg, night-

time ABPM ≥120/70 mmHg;  

3) It is necessary to determine if the optimal triple-

drug  therapy is prescribed;  

4) Poor patient compliance should be assessed using 

a questionnaire, urine drug analysis and pill-count;  

5) It is suggested to search for factors that could in-

fluence treatment resistance (e.g. obesity, excessive 

dietary sodium intake, alcohol, drug interactions). 

After true resistant hypertension is confirmed, evaluation 

should include identification of the underlying cause, 

and assessment of cardiovascular risk and end-organ 

damage [12]. While secondary causes are relatively 

rare in general hypertensive population, they are 

frequently found in RH. Medical history can be useful: 

loud snoring, daytime sleepiness and witnessed apnea 

indicate OSA; a history of peripheral or coronary 

atherosclerotic disease and worsening kidney funcion 

are suspicious for renal artery stenosis; labile hyper-

tension followed by palpitations and diaphoresis in-

dicate the possibility of pheochromocytoma. In physi-

cal examination, carotid, abdominal or femoral bruits 

indicate renal artey stenosis; moon facies, abdominal 

striae and central obesity suggest Cushing's disease; 

diminished femoral pulses and difference between arm 

and thigh blood pressures are suspicious for aortic 

coarctation or aortoiliac disease. Biochemical evaluation 

should include routine metabolic profile (sodium, 

potassium, chloride, bicarbonate, glucose, blood urea 

nitrogen, creatinine, albumin/creatinine ratio, eGFR), 

urine proteins, plasma aldosterone and renin so as their 

ratio can be calculated (high aldosterone/renin ratio 

indicates primary aldosteronism), metanephrine and 

normetanephrine in 24-hour urine, cortisol in 24-hour 

urine. Doppler of renal arteries, MR or MSCT 

angiography are recommended to assess the anatomy 

before RDN [12]. Lastly, screening for possible end-

organ damage is extremely important [8].  

 

Device therapies for resistant hypertension 

 

In recent decades, the use of antihypertensive drugs 

has revolutionised the therapy of hypertension. Despite 

the available pharmacological inhibition of the sympa-

thetic nervous system, about 50% of patients show sub-

optimal control and pharmacotherapy does not provide 

adequate effects in clinical practice. A hyperactivity of 

the sympathetic nervous system is a condition that 

confers a high cardiovascular risk in the patient [12,13]. 

New devices like Renal sympathetic denervation, Baro-

receptor activation therapy and Continuous positive air-

way pressure were developed to interrupt the cardiovascu-

lar disease continuum, the leading cause of death globally. 

 
Renal sympathetic denervation  

 

Renal sympathetic denervation delivers energy to the 

renal nerves to help control blood pressure. Many ob-

servational studies have shown that RDN is a safe me-

thod of reducing office BP in patients with RH, with 

an additional positive effect on blood glucose metabo-
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lism, obstructive sleep apnea and signs of hypertensive 

end-organ damage [12,14]. The reasons for the rapid 

introduction of RDN in the therapy of rHT were the 

reported high efficiency and safety of the procedure. 

The effectiveness was demonstrated in the studies Sym-

plicity HTN-1 and HTN-2, and in the EnligHTN-1 Study 

(by using special RF ablation catheters). According to 

the results of different trials, including Symplicity HTN-3 

(this study did not show differences in SBP reduction 

between treatment and control groups, but in the con-

text of the study characteristics and the way it was 

conducted, there are several concerns about inexperien-

ced doctors in the field of RDN, the study population 

and the medical treatment), RDN is safe and procedu-

re-related complications of catheter-based RDN were 

very rare
 
[12].  

 

Baroreceptor activation therapy  

 

Baroreceptor activation therapy (BAT) or baropacing 

can be applied in patients with treatment resistant hy-

pertension. When baroreceptors sense an icrease in 

carotid transmural pressure, they respond by inhibiting 

sympathetic and stimulating parasympathetic centres 

in the brainstem [15]. As a result, any increase in blood 

pressure (BP) will return to its initial level. Most studies 

on BAT took only office BP as criterion for efficacy 

but only one study in which the effect on 24-hour was 

assessed showed that BP had fallen by 8/5 mmHg afer 6 

months of therapy which was statistically significant [15].  

 
Continuous positive airway pressure  

 

Nasal continuous positive airway pressure (CPAP) ven-

tilation is considered the treatment for obstructive sleep 

apnea (OSA) of moderate to severe degree [16]. The 

effects of CPAP on BP levels have been shown to be 

variable, but in some subgroups of patients, those with 

severe OSA or/and with RH, more substantial effects 

of CPAP have been reported [16]. 

 

Discussion 

 

Cardiovascular diseases were the leading cause of mor-

tality in 2012, comprising 31% of all deaths and killing 

17.5 million people. Hypertensive disease of the heart, 

blood vessels, brain and kidney is frequently found in 

patients with RH. RH is a consequence of different 

pathophysiologic processes (e.g. increased stimulation 

of renin-angiotensin system and aldosterone production, 

arterial stiffness, atherosclerotic disease) that are asso-

ciated with high cardiovascular risk [8]. 

CV morbidity and mortality is noted in patients with 

both high and relatively low levels of blood pressure 

(110-115 mmHg SBP and 70-75 mmHg DBP). CV risk 

doubles with increase of 20 mmHg SBP and 10 mmHg 

DBP [7]. SBP is a better predictor than DBP after the age 

of 50, and it seems that in older patients pulse pressure 

plays a significant role; that is indicated by particularly 

high CV risk in patients with high SBP and normal or 

low levels of DBP [17]. Other risk factors that are usually 

related with RH have a synergistic effect in develop-

ment and worsening of RH. 

Studies have shown 47% higher risk of cardiovascular 

morbidity and mortality in RH patients [18,19]. Signi-

ficant worsening of heart and blood vessel disease and 

higher mortality has been noted in subpopulations with 

preexistant ischemic heart disease [20]. Studies indica-

te a notably higher CV risk in patients with RH and 

diabetes or chronic kidney disease compared to general 

hypertensive population [21,22]. Compared with the 

non-RH population, the RH population had a greater 

prevalence of comorbid conditions including diabetes 

mellitus (DM, 48% vs. 30%), CKD (45% vs. 24%), ische-

mic heart disease (41% vs. 22%), cerebrovascular disease 

(16% vs. 9%; P<0.001 for all) [23]. Compared with 

controlled RH patients (cRH)-individuals with uncontro-

lled RH (uRH; 61.7%) were at a greater risk for cereb-

rovascular (CVA) and end-stage renal disease (ESRD). 

The risk of ESRD and CVA were 25% and 23% greater, 

respectively, in uRH compared with cRH, supporting the 

linkage between blood pressure and both outcomes [23].  

Patients with diabetes and/or chronic kidney disease 

(CKD) have sympathetic nervous system hyperactivation 

that leads to fluid overload, aggravation of hyperten-

sion and further deterioration and loss of renal function, 

and it has been demonstrated that RDN is associated 

with stabile kidney function [12]. The most obvious ex-

planation relating effect of stabile kidney function could 

be that after RDN treatment an increased renal blood 

flow will result in increase in GFR. Renal sympathetic 

denervation (RDN) produce multilevel inhibition of the 

sympathetic nervous system, and trigers additional posi-

tive metabolic effects [13,14]. 

The effectiveness of all therapeutic approaches should 

be tested in diverse settings of uRH. Carefully desig-

ned studies (some ongoing, such as SPYRAL HTN 

OFF and ON-MED) will provide the evidence that RDN 

is also an efficacious therapy [14]. Further meta ana-

lysis will evaluate the importance of new devices. 

 

Conclusions 
 

It is widely accepted that hypertension is associated 

with a number of other CV risk factors (metabolic syn-

drome, endothelial dysfunction, arterial stiffness or kid-

ney disease) that makes it a part of a multifactorial 

process in disease development. Poor adherence is a 

major cause of lack of blood pressure control and it 

can be misleading in further diagnostics and treatment 

with detection of drugs in blood and/or urine. Among 

chronic kidney disease (CKD) patients, those with RH 

have been reported to experience a two-fold greater 



      
Prkacin I. et al.  
 

 

 

9 

risk for both cardiovascular events and ESRD, compa-

red with those without resistant hypertension.  

RH population may benefit from more individualized 

care rather than broad, general recommendations 
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Abstract 

 
Introduction. None of the classification systems in 

immunoglobulin A (IgA) nephropathy has been widely 

agreed or implemented by clinicians or pathologists. In 

order to meet this need, "Oxford Classification System", 

which is highly reproducible and predictive for clinical 

course, was developed in 2009. In the present study, 

we investigated clinical and pathological characteris-

tics of patients with IgA nephropathy based on current 

classification and the predictivity of crescent presence 

on prognosis. 

Methods. The study comprised 40 patients with diagno-

sis of primary IgA nephropathy on renal biopsy. The 

biopsy findings and follow-up parameters of patients 

were retrospectively re-evaluated. Pathological findings 

were examined based on the Oxford classification sys-

tem. The presence of crescent formation in the speci-

mens was noted.  

Results. The presence of crescent formation was predic-

tive of poor prognosis regarding the glomerular filtra-

tion rate (eGFR), the level of proteinuria, and mean 

arterial pressure (MAP).  

Conclusion: Considering the importance of crescent 

formation in prediction of the clinical course and need 

for immunosuppressive therapy, it is suggested that 

crescent presence can be included in this classification 

system. 

 

Keywords: glomerulonephritis, IgA nephropathy, Oxford 

classification, crescents 

___________________________________________ 

 

Introduction 

 

IgA nephropathy is the most prevalent glomerular di-

sease all over the world [1-3]. Although it usually dis-

plays a benign course, 10-40% of patients progresses 

to end-stage renal disease within 10 to 20 years [4-6]. 

Therefore, exposing clinical and pathological parame-

ters that would predetermine the course of disease is 

important. Studies revealed that clinical signs such as 

hypertension, proteinuria and low baseline glomerular fil-

tration rate (eGFR) independently influence prognosis [7-9]. 

IgA nephropathy is pathologically characterized by mi-

nimal lesions to diffuse proliferative glomerulonephri-

tis under light microscope, and IgA deposition in the 

glomerular mesangium by immunofluorescence [10]. 

Certain histopathological characteristics can predict 

clinical course and numerous classification systems 

have been developed under the light of these studies 

[11-13]. These classification systems did not solely in-

tend to determine prognosis but also served for the de-

velopment of a common language among pathologists 

and clinicians to characterize the disease [14]. Within 

this context, the classification systems approved until 

today include those developed by Lee, Haas et al. and 

by the World Health Organization for lupus nephritis 

[11,12]. However, these classification systems could 

not find an extensive and common field of usage among 

either nephrologists or pathologists due to weak repro-

ducibility and weak correlation with clinical course [14].  

In 2009, the clinicians who were the members of Inter-

national Network for IgA Nephropathy, and pathologists 

together evaluated the data of 265 patients from 15 cen-

ters, and they consequently created "Oxford Classifica-

tion System" that included pathological parameters with 

high reproducibility and demonstrated relation with 

clinical course. The classification system consisted of 

mesangial hypercellularity (M), endocapillary prolifera-

tion (E), segmental sclerosis (S) and tubular atrophy-

interstitial fibrosis (T) and "M E S T" scoring system 

was developed according to their relation with clinical 

course. Although they are reproducible, parameters such 

as crescent formation and necrosis, of which the rela-

tion with clinical course has been definitely exposed in 

the previous studies, have not been included in the 



      
Ersan S. et al.  
 

 

 

11 

classification system as they were less prevalent in the 

current cohort [15]. 

The present study was aimed to investigate clinical 

and pathological characteristics of patients, as well as 

whether predictive character of the classification could 

be enhanced with the inclusion of some important pa-

rameters excluded from the classification. It was su-

ggested that the data obtained could contribute to the 

literature in terms of follow-up and management of 

patients with IgA nephropathy. 

 

Materials and methods 

 

The Ethics Committee approval was obtained from Non-

invasive Clinical Trials Evaluation Committee of our 

University under the protocol number 46-IOÇ/2010 

for the study.  

The study was conducted retrospectively by obtaining 

data from patients’ records and it comprised 40 adult 

biopsy-proven IgA patients followed-up in our Clinic 

for at least six months. Renal biopsy specimens of the 

patients were re-evaluated by a nephro-pathologist using 

the "Oxford Classification System" criteria [15] and were 

recorded in accordance with the classification. Cres-

cent formations and presence of necrosis in the biopsy 

specimens were also recorded. Presence of crescent 

was defined as the presence of crescent formations in 

more than 50% of the glomeruli. 

The gender and age of the patients, date of biopsy, 

indications for biopsy, estimated glomerular filtration 

rate (eGFR) calculated according to the MDRD [16] 

formula, presence of macroscopic or microscopic he-

maturia, amount of 24-hour urinary protein excretion 

(g/day), systolic and diastolic blood pressures, mean 

arterial blood pressure (which is calculated by diastolic 

blood pressure + (systolic blood pressure-diastolic blood 

pressure)/3 formula), presence of hypertension (arterial 

blood pressure higher than 140/90 mmHg), whether 

they had been currently receiving antihypertensive or 

immunosuppressive drugs and, if so, the name of these 

drugs, and whether they had chronic renal insufficiency 

at admission and, if any, the degree of renal insuffi-

ciency [17] were derived from patient data obtained at 

admission and during biopsy and were recorded.  

Based on all these data obtained, end-points such as 

final glomerular filtration rate, mean follow-up glomeru-

lar filtration rate, difference between the initial and fi-

nal glomerular filtration rates and need for use of immu-

nosuppressive drugs were obtained. Effects of clinical 

and histopathological parameters on end-points were 

investigated by statistical methods. 

 

Statistical analyses 
 

Distributions of the variables were assessed by Shapi- 

ro-Wilk normality tests and using Q-Q plots. Taking 

sample sizes and distribution of variables into account, 

Student-t, ANOVA, Mann-Whitney U and Kruskal Wallis 

tests were used for between group comparisons; whe-

reas, differences between matched groups were com-

pared using paired Samples T test and Wilcoxon test. 

Bonferroni test was used as a post hoc test. Relation 

between parametric variables was evaluated by Pearson’s 

correlation analysis; whereas, relation between non-

parametric or ordinal variables was evaluated by Spear-

man correlation analysis. Categorical variables were 

analyzed using Chi-square test and Fisher’s exact test. 

In order to determine the relations with the end-points, 

linear regression analysis was used for continuous de-

pendent variables, whereas logistic and cox regression 

analyses were used for categorical dependent variab-

les. Parametric data were presented as mean ± standard 

deviation, whereas non-parametric data were presented as 

median, and categorical data were presented as percentages.  

Statistical analyses were done using the SPSS program 

for Windows (SPSS version 11.0., Chicago, IL). Statistical 

significance was considered as p<0.05. 

  

Results 
 

Of the 40 patients enrolled in the study, 42.5% were 

female and the mean age of the patients at diagnosis 

was 39.45±12.07 years. The mean glomerular filtration 

rate (eGFR) at diagnosis was 79.49±31.22 ml/min/1.73m
2
. 

Four patients had clinical symptoms of acute kidney 

injury (AKI) at diagnosis. Twelve of the 40 patients 

had hypertension and 6 of these patients had been 

regularly receiving renin-angiotensin system blockers 

(RASB). There was no patient receiving steroid or any 

other immunosuppressive drug at baseline. The me-

dian value for 24-hour urinary protein excretion was 

1.12 g/day, with minimum excretion rate of 0.13 g/day 

and maximum excretion rate of 9.9 g/day. The average 

value for mean arterial pressure (MAP) was 92.74± 

13.85 mmHg.  

Considering total duration of follow-up, median follow-

up period was 40.93 months with minimum follow-up 

period of 6 months and maximum follow-up period of 

201 months (Table 1). 

Twenty-five percent of the patients had macroscopic 

hematuria. The most common indication for biopsy was 

microscopic hematuria with 60%. Clinical symptoms 

of nephrotic syndrome were present in 7.5% of the pa-

tients and clinical symptoms of acute renal insufficien-

cy were present also in 7.5% of the patients. Proteinu-

ria accompanied the macroscopic hematuria in 15% and 

microscopic hematuria in 47.5% of the patients. Patho-

logical level of proteinuria was present in a total of 

77.5% of the patients. 
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Table 1. Baseline demographic and clinical characteristics of patients 

Age at diagnosis (years ± SD) 39.45±12.07  

Gender   

Male 23(57.5%)  

Female 17(42.5%)  

Body Mass Index  26.45±3.75 

Follow-up duration (median month)  40.93(6-201) 

Mean Arterial Pressure (mmHg) 92.74±13.85  

Baseline eGFR (ml/min/1.73m2) 79.49±31.22  

Baseline Proteinuria (median, g/day) 1.12(0.13-9.9)  

CKD stage   

Stage 1 (eGFR>=90) 3(7.5%)  

Stage 2 (eGFR 89-60) 11(27.5%)  

Stage 3 (eGFR 59-30) 13(32.5%)  

Stage 4 (eGFR 29-15) 3(7.5%)  

AKI 4(10%)  

Hypertension 12(30%)  

 
Table 2. Characteristic pathological features in the 

study group 

Mesangial Hypercellularity Score Frequency (%) 

 M 0 (≤0.5) 9(22.5%) 

 M 1 (>0.5) 31(77.5%) 

Endocapillary Hypercellularity  

 E 0 (No) 28(70%) 

 E 1 (Yes) 12(30%) 

Segmental Glomerulosclerosis  

 S 0 (No) 13(32.5%) 

 S 1 (Yes) 27(67.5%) 

Interstitial Fibrosis -Tubular Atrophy (IFTA) 

 T0 (0-25%) 20(50%) 

 T1 (26-50%) 14(35%) 

 T2 (>50%) 6(15%) 

Crescent formation  

 No 30(75%) 

 Yes 10(25%) 

Necrosis  

 No 33(82.5%) 

 Yes 7(17.5%) 

 

Frequency of the pathological findings in each speci-

men is shown in Table 2. Mesangial hypercellularity 

was the most prevalent finding (77.5%) followed by seg-

mental sclerosis (67.5%), whereas crescent formation and 

necrosis were only present in 25% and 17.5%, respec-

tively. Total chronicity scores were moderate and se-

vere in 50%. 

During follow-up it was observed that 35% of the pa-

tients had new-onset hypertension and the prevalence 

of hypertensive patients in the group reached 65%, of 

whom 92.5% were given a RAS blocker. The mean 

final eGFR was 86.51±40.95 ml/min/1.73m
2
 and the 

mean follow-up eGFR was 82.33±36.27 ml/min/1.73m
2
. 

The median amount of urinary protein excretion at the 

end of follow-up period was 0.23 g/day (minimum 

0.05, maximum 4.20); the median amount of the mean 

urinary protein excretions during follow-up period (the 

mean of all protein excretion during follow-up period)  

 Table 3.  The relationship between pathological parameters and clinical follow-up parameters 

Mean follow-up eGFR 

(ml/min/1.73m2) 

Mean follow-up 

Proteinuria (g/day) 

Mean follow-up 

MAP (mmHg) 

Final eGFR 

(ml/min/1.73m2) 

p value p value p value p value 

Mesengial  hypercellularity       

M0 121.39±26.14 
0.001* 

0.18 (0.15-0.32) 
<0.001* 

85.00±8.08 
0.001* 

126.88±26.64 
0.002* 

M1 70.99±30.61 0.69 (0.10-5.73) 103.53±15.07 74.79±36.87 

Endocapillary  hypercellularity      

E0 96.34±33.29 
<0.001* 

0.30 (0.10-3.98) 
<0.001* 

96.04±17.25 
0.011* 

101.19±38.60 
<0.001* 

E1 49.63±16.64 1.14 (0.59-5.73) 107.11±7.75 52.26±21.41 

Segmental glomerulosclerosis       

S0 108.85±36.15 
0.002* 

0.21 (0.15-5.63) 
0.007* 

85.18±12.57 
<0.001* 

113.12±38.69 
0.004* 

S1 69.55±29.13 0.69 (0.10-5.73) 106.19±12.34 73.70±36.05 

IFTA       

T0 107.84±29.34 
<0.001* 

0.24 (0.10-1.41) 
<0.001* 

93.20±12.69 
0.007* 

115.57±32.00 
<0.000* 

T1 64.02±20.94 0.69 (0.29-1.88) 103.48±19.11 65.45±25.47 

T2 40.00±12.63  3.59 (0.59-5.73)  110.28±6.40  38.79±12.13  

Crescent       

C0 92.22±34.69 
0.002* 

0.35 (0.10-5.64) 
0.002* 

95.62±14.18 
0.017* 

97.29±39.83 
0.004* 

C1 52.66±21.38 1.15 (0.29-5.73) 110.57±15.72 54.17±24.57 

Necrosis       

N0 85.41±33.37 
0.122 

0.44 (0.10-5.73) 
0.247 

97.30±14.26 
0.169 

90.54±38.51 
0.140 

N1 67.78±48.09 0.71 (0.29-1.88) 109.05±20.10 67.53±49.78 

*p<0.05 
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was 0.58 g/day (minimum 0.05, maximum 4.20). The 

mean arterial pressure (MAP) during follow-up was 

99.36±15.79 mmHg. 

When the patients were evaluated individually for pa-

thological parameters, no significant difference was 

determined between the groups in terms of relation of 

presence and absence of parameters with age and gen-

der, with only exception that female gender was signi-

ficantly more prevalent in the patient group with nec-

rosis versus without necrosis (85.7% vs. 33.3%; p=0.011). 

Although the patient group was not homogeneous for 

age and gender, there was no difference between the 

groups in terms of age and gender. 

The assessment of relationship between clinical fo-

llow-up characteristics and the presence or absence of 

pathological parameters revealed that all adverse patho-

logical parameters except for the presence of necrosis 

were significantly associated with low mean follow-up 

and final eGFR; high mean follow-up and final pro-

teinuria; and also high follow-up MAP (Table 3). 

Glomerular filtration rates decreased as the severity of 

tubular atrophy-interstitial fibrosis increased. Various 

degrees of clearance loss were recorded at the end of 

follow-up in the patients with endocapillary hyperce-

llularity, tubular atrophy-interstitial fibrosis, and crescent 

formation. The lowest baseline glomerular filtration rate 

was found in the patients with severe tubular atrophy 

and interstitial fibrosis; this also applied to follow-up 

and final glomerular filtration rates (Figure 1). 

 

 
            Fig. 1. Pathological parameters and baseline, follow-up and final eGFRs 

 

With regard to all groups, decrease in the amount of 

follow-up and final proteinuria was conspicuous. The 

amounts of baseline, follow-up and final proteinuria 

were higher in the patients with severe tubular atrophy-

interstitial fibrosis as compared to all other groups. The 

lowest amounts of baseline, follow-up and final pro-

teinuria were recorded in the group without mesangial 

hypercellularity. Presence of all pathological parameters 

was associated with increased amount of proteinuria. 

Presence of endocapillary hypercellularity, tubular at-

rophy-interstitial fibrosis and crescent was associated 

with higher amount of proteinuria than the presence of 

other features (Figure 2). 

 

 
          Fig. 2. Pathological parameters and baseline, follow-up and final proteinuria  
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Evaluation of pathological parameters by univariate 

regression analysis in terms of final eGFR and follow-

up eGFR, which were the end-points, revealed that pre-

sence of each pathological parameter is individually a 

significant predictor. Evaluation of pathological para-

meters by univariate regression analysis for the diffe-

rence in glomerular filtration rate, which was the end-

point, revealed that only the presence of tubular atrophy-

interstitial fibrosis and crescent formation were signifi-

cant predictors (Table 4). 

 
Table 4. Predictivity of Presence of Pathological Parameters in Clinical Course (Univariate Analysis) 

 Final eGFR 

(ml/min/1.73m2) 

Mean follow-up eGFR 

(ml/min/1.73m2) 

GFR Difference 

(ml/min/1.73m2) 

 β (s.d) p β (s.d) p β (s.d) p 

Mesangial Hypercellularity      

 -52.09(13.24) <0.001* -50.40(11.26) <0.001* -18.47(9.29) 0.054 

Endocapillary Hypercellularity      

 -48.93(11.91) <0.001* -46.71(10.16) <0.001* -15.71(8.52) 0.073 

Segmental Glomerulosclerosis      

 -39.43(12.46) 0.003* -39.30(10.64) 0.001* -14.56(8.38) 0.090 

IFTA      

 -41.11(6.09) <0.001* -36.22(5.43) <0.001* -14.75(5.08) 0.006* 

Crescent      

 -43.13(13.43) 0.003* -39.56(11.78) 0.002* -20.41(8.81) 0.026* 

*p<0.05       

  

Discussion 

 

In the present study, the "Oxford Classification System", 

which was developed by the member clinicians and 

pathologists of the network for IgA nephropathy and is 

the newest and most promising system, was investiga-

ted in our patient group in terms of reproducibility and 

validity for IgA nephropathy, which has yet no inter-

nationally accepted and high reproducible classification 

system in terms of clinical and pathological parameters 

although it is the leading cause of glomerulonephritis. 

In addition, crescent formations and necrosis, which 

have not been included in the system, were also evaluated 

and relation of pathological parameters with both clini-

cal end-points and drug usage was explored [15,18]. 

Analyses clearly exposed the validity and reproducibi-

lity of the classification system and, in addition, de-

monstrated the relation of crescent formation, which 

has yet not found a place in the classification system, 

with poor clinical course. 

In the present study, all patients that had at least 6-

month follow-up data were included in the analyses with-

out establishing any exclusion criteria in order to in-

vestigate the classification system, which is thought to 

be applied in all patients with IgA nephropathy, in all 

aspects. In this respect, it can be said that the present 

study is fictionally superior to the reference study of the 

classification system, which started with many exclusion 

criteria and therefore was designed in the way to exclude 

a group rich in acute and rapid crescent formations. 

Evaluating the demographic data obtained at the end 

of the study, it was observed that the mean age at diag-

nosis was 39.75 years and there was a weak male pre-

dominance. Relatively advanced mean age determined 

in the present study for the patients with Ig A nephro-

pathy, which is known to involve usually the ages of 

20-to-30 years, was attributed to the absence of routine 

screening programs in Turkey and biopsy being saved 

for patients with concomitant proteinuria or loss of 

clearance. Literature review revealed no large-scale study 

that reflects the characteristics of Turkish population 

in terms of demographic data such as prevalence and 

gender distribution of IgA nephropathy, which showed 

significant racial difference. 

The most common reason for biopsy was long-lasting 

and persistent microscopic hematuria accompanied or 

not by proteinuria (60%). Although literature suggests that 

macroscopic hematuria is the leading presenting sym-

ptom, this did not apply to our study group. Only 25% 

of the patients had macroscopic hematuria accompanied or 

not by proteinuria. In our patient group, the prevalence 

rates of baseline pathological proteinuria (77.5%) and 

baseline low clearance (75%) were substantially high. 

The most common pathological parameter was the 

presence of mesangial hypercellularity (77.5%). This 

finding was similar with the patient population that 

formed the basis for the recent classification system 

[15]. Presence of crescent, which could have not found 

a place in the classification system, was observed in 25% 

of biopsy samples, whereas necrosis was observed in 

17.5%. This rate was much lower in the patient group 

that formed the basis for the development of the classi-

fication system. This difference between the present pa-

tient group and the patient group that formed the basis 

for the classification system can be explained by exclu-

sion of the patients with less than 1-year follow-up 

period and accordingly exclusion of the patients with 

more severe course or acute onset.  

Low baseline glomerular filtration rate, high amount 

of baseline urinary protein excretion, and high baseline 

mean arterial pressure were individually associated with 

poor outcomes. This also applied to the data adjusted 

for age and gender. These findings display strong simi-

larity with large-scale studies in the literature conduc-
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ted on the clinical course of IgA nephropathy. D’Amico 

et al. published a review in 2004, which evaluated large-

scale prognosis studies, and they similarly determined 

that high baseline proteinuria, low baseline glomerular 

filtration rate and high baseline blood pressure were 

associated with poor renal prognosis [1,2,15,19]. 

With regard to the contribution of pathological parame-

ters to the clinical end-points and their predictive values, 

all pathological parameters excluding necrosis were found 

to be associated with poor end-points in univariate ana-

lyses. This was independent of age and gender of patients. 

This finding clearly supports the validity of the classi-

fication system. In the literature, it is clearly stated that 

presence of each pathological variable negatively influen-

ces the prognosis. The fact that presence of these para-

meters, individually or together, unfavorably influences 

the prognosis has also been shown by the Oxford Cla-

ssification System. Endocapillary hypercellularity, the 

effect of which to the clinical end-points in the classifi-

cation system could have not been demonstrated clearly, 

was among the parameters determined to unfavorably 

influence the clinical course, as demonstrated by Haas 

M. et al. [13] and D’Amico et al. [1].  

Tubular atrophy-interstitial fibrosis and crescent have 

been underlined as independent predictors of end-points. 

There are many studies supporting crescent formations 

to be poor prognostic factors [20-23]. In the present 

study, definite findings about poor clinical course are 

an important step in revealing that classification system 

should be re-evaluated in terms of crescent formations. 

 

Conclusion 
 

The present study is one of the pioneer studies that 

explore the reproducibility and validity of the Oxford 

Classification System in adult patient group. The 

importance of crescent formation in predicting clinical 

end-points has been determined. The limitations of the 

study are: firstly, the study included a limited cohort of 

patients (40 subjects with IgA nephropathy) with a 

short follow-up in some patients; secondly, the number 

of patients with crescents represented too small subset of 

patients to allow clear conclusion statistically; thirdly, 

the lack of relation with types of crescents and clinical 

outcomes, and finally the relationship between the 

serum IgA/C3 ratio and severity of histological lesions 

needs to be addressed. 

The results of the present study suggest that crescent 

formation can be included in the classification system 

when supported by large scale prospective studies. 
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Abstract 
 

Introduction. Bone disease is a chronic complication of 

chronic kidney disease and major clinical problem in 

hemodialysis (HD) patients. The aim of our study was to 

assess the influence of treatment longevity on bioche-

mical parameters of mineral and bone metabolism in HD 

patients, and to identify the most important parameters. 

Methods. The research was observational and retro-

spective, involved 70 patients, mean age 58.69±12.54, 

divided into groups in respect to the duration of dialy-

sis treatment (Group I-5 years, Group II-5-10 years and 

Group III-over 10 years).  

Results. Serum phosphorus was increased, but the va-

lues tend to increase along with dialysis duration - (Group 

I: 1.93±0.45; Group II: 1.97±0.50; Group III: 2.01±0.37; 

p>0,05). Calcium values were also not significantly in-

creased based on the duration of treatment [Group I: 

2.3 (2.2-2.41); Group II: 2.46 (2.15-2.6), Group III: 2.35 

(2.10-2.52)]. Dialysis and PTH correlated positively in 

the first group of patients (Rho=0.470, p=0.013). The 

values of calcium and alkaline phosphatase correlated  

positively in all patients (Rho=0.351, p=0.003). PTH was 

significantly higher in the second and third compared 

to the first group (p=0.009 and p=0.038, respectively), 

and there was no significant difference between the se-

cond and the third group. Interestingly, parathyroidec-

tomized patients had higher PTH values compared to 

those without parathyroidectomy (557 vs. 359 pg/ml). 

Conclusion. The most reliable marker for clinical moni-

toring of bone disease in dialysis patients is PTH. The 

values of calcium and phosphorus are highly variable 

and not reliable parameters for bone disease follow-up.  

                       

Keywords: hemodialysis duration, mineral and bone 

metabolism, PTH 

___________________________________________ 

 

 

Introduction 
 

Chronic kidney disease is defined as kidney failure that 

persists for at least 3 months, caused by structural or 

functional kidney disorder, manifested by histological 

abnormalities or disorders characterized by blood, urine 

or kidney appearance, with decrease in glomerular fil-

tration rate (GFR) <60 ml/min/1.73 m
2
 for over 3 months 

[1,2]. It is characterized by different level of uremia 

but also by changes in the volume and content of body 

fluids and electrolytes, and imbalance of numerous 

hormones. In the progression of CKD the disorder in 

the metabolism of calcium (Ca) and phosphorus (P), 

and parathyroid hormone (PTH) and vitamin D3 occurs 

at an early stage [2], according to some studies already 

with the glomerular filtration rate (GFR) of 60 ml/min/ 

1.73m
2
, that is in the second stage of CRF [3]. This 

disorder deteriorates from stage to stage and is there-

fore significantly represented in patients on dialysis. 

Complicated causal effects in this electrolyte-hormone 

imbalance can be explained by the kidney tissue 

prolapse which results in decrease of active metabolite 

of vitamin D3 (1.25(ОН)2D3) synthesis [4]. It results 

from the phosphate retention along with a decreased 

absorption of Ca, and both hyperphosphatemia and 

hypocalcemia stimulate parathyroid glands with the 

development of secondary hyperparathyroidism and 

disordered Ca and PTH regulation. If accompanied by 

bone resistence to PTH effect, this metabolic imbalance 

leads to significant disorder in bone metabolism, espe-

cially in patients on dialysis [3-6]. Progressive bone 

abnormalities in patients with CKD are traditionally 

qualified as renal osteodystrophy (ROD). However, the 

National Kidney Foundation (NKF) provided new re-

commendations according to which the term ROD is 

used to explain modification of bone structure morpho-

logy in patients with CKF, based exclusively on histolo-

gical results obtained from bone biopsy. Clinical, bioche- 
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mical and radiological abnormalities associated with ROD 

should be treated as elements of wider clinical syndro-

me; Chronic Kidney Disease-Mineral and Bone Disorder, 

i.e. CKD-MBD Syndrome [5-7]. In dialysis patients 

the CKD-MBD syndrome is characterized by:  

 abnormality in metabolism of Ca, P, PTH and vi-

tamin D3, and/or  

 abnormalities in bone turnover, mineralization, volu-

me and bone growth, and/or 

 vascular calcifications and calcifications of other 

soft tissues.  

According to some authors, bone biopsy is a "golden" 

standard in diagnosing and monitoring of bone abnor-

malities [5-7], but having in mind the invasive charac-

ter of the procedure, it has been recommended only in 

cases which from the clinical-biochemical perspective 

are not clear enough (e.g. in patients with high PHT 

values and low concentration of alkaline phosphatase).  

Clinical symptoms of mineral-bone metabolism occur 

at a rather late stage of CKD. Some studies have re-

ported that clinical symptoms are present in at least 

10% of patients, and histomorphological changes in 

35-90% of cases [8]. Given that the mineral-bone me-

tabolism can be diagnosed based on laboratory findings 

and before the occurrence of the initial symptoms, it is 

important to primarily monitor the level of parathyroid 

hormone, but also the level of alkaline phosphatase, 

Ca, P, and vitamin D, in order to timely administer the 

appropriate therapy and prevent more severe consequen-

ces. It is evident that extended HD treatment can only 

deteriorate these problems if not timely detected and 

appropriately treated. With regard to chronology of the 

problem related to calcium and phosphate metabolism 

in HD patients, we were interested in selection of the 

most significant parameters that changed over the time 

spent on hemodialysis, and could have influenced the 

bone disease development. The aim of the study was 

to assess the influence of HD treatment longevity on 

biochemical parameters of mineral and bone metabo-

lism in HD patients, and to identify the most important 

monitoring parameters.  

 

Materials and methods  

 
This was an observational, retrospective and cross-sec-

tional study conducted at the Clinic of Hemodyalisis, 

University Clinical Center Sarajevo (UCCS), from January 

to December 2015. The study included 70 regular (three 

times a week) HD patients. The respondents were divi-

ded into groups based on hemodialysis treatment dura-

tion: Group I-HD duration <5 years; Group II-HD dura-

tion from 5-10 years; Group III-HD duration >10 years.  

The study did not include patients with malignant and 

liver diseases, acute infections and septic syndrome. All 

patients used dialysis solution with 1.25 mmol /L cal-

cium concentration. Also, all patients used the same phos-

phate binder, calcium carbonate. In the local UCCS 

laboratory, the following biochemical parameters were 

regularly monitored: serum calcium, serum phosphate 

and alkaline phosphates (four times a year), at analyzer 

Vitros 5600 Integrated System Microslide Technology, 

using Principles of Spectrophotometry. Determination 

of intact PTH was performed in the laboratory of the 

Clinic of Nuclear Medicine at apparatus Cobas 6000 and 

Cobas 411 (Roche), using  an immunoassay analyzer. The 

reference values were set based on the recommenda-

tions of good clinical practice of the American Initiati-

ve for the successful hemodialysis outcome (K/DOQI 

Clinical Practice Guidelines): 150-400 pg/ml for PTH, 

2.10-2.60 mmol/l for calcium, from 1.13-1.78 mmol/l for 

phosphorus and for Ca x P <4.40 mmol
2
/l

2 
[9,10]. 

Statistical analysis was performed with the SPSS 16 

software (version 16.0, SPSS Inc, Chicago, Illinois, USA). 

Division of variables was tested by the Kolmogorov-

Smirnov or Shapiro-Wilk test. The data was presented 

as median, mean value and interquartile range. For 

continuous variables, the comparison between the groups 

was made using the Kruskal-Wallis or Mann-Whitney 

U-test. Correlation between the continuous variables was 

tested by Spearman's correlation analysis. P-values less 

than 0.05 were considered statistically significant [11].  

 

Results 

 

Of the total number of 70 patients, 27 were females 

(38.5%) with mean age of 59.91±14.73 years, ranging 

from 19-87 years. The most common basic disease of 

the patients was pyelonephritis-in 26 patients (37.1%), 

followed by glomerulonephritis in 14 patients (20%), 

hypertension in 13 patients (18.5%), diabetes mellitus 

in 15.7%, polycystic kidney disease in 7.1% and lupus 

nephritis in 1.6% of patients. 

 

 
Fig. 1. Correlation of PTH levels and duration of hemodialysis in 

Group I patients with HD duration <5 years (Rho=0.470; p=0.013)  
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Fig. 2. PTH and alkaline phosphatase correlated positively in all 

patients (Rho=0.351; p=0.003) 

 

 
Fig. 3. PTH values in patients with and without parathyroidectomy 

 

 
Fig. 4. PTH was significantly higher in the second and third 

compared to the first group (p=0.009 and p=0.038, respectively), 

with no significant difference between the second and third group 

 

The highest proportion of patients was in Group I-40%, 

followed by Group III-31.42% and Group II-17.1%. 

There was no significant difference in phosphate levels 

between the groups (Group I: 1.93±0.45; Group II: 

1.97±0.50; Group III: 2.01±0.37; p=ns). The same pa-

ttern with similar levels between the groups was obser-

ved for calcium [(Group I: 2.3 (2.2-2.41); Group II: 

2.46 (2.15-2,6), Group III: 2.35 (2.10-2.52): p=ns]. 

The duration of hemodialysis treatment and PTH le-

vels correlated positively in Group I, Rho=0.470, p= 

0.013 (Figure 1). 

PTH and alkaline phosphatase correlated positively 

(Rho= 0.351, p=0.003) in all patients (Figure 2). 

Interestingly, PTH level was higher in parathyreoidec-

tomized patients compared to the others without para-

thyroidectomy (557 vs 359,5 pg/ml, p=0.025) (Figure 3). 

PTH was significantly higher in the second and third 

compared to the first group (p=0.009 and p=0.038, res-

pectively), while there was no significant difference 

between the second and third group (Figure 4). 

 

Discussion  
 

Abnormalities of mineral-bone metabolism are frequent 

both in predialysis patients with CKD and in HD patients. 

The effective clinical approach to these patients implies 

the control of phosphate retention and prevention of 

hyperphosphatemia in order to preserve the serum Ca 

level within the reference ranges and prevent prolife-

ration of parathyroid gland cells, and subsequent in-

crease in PTH [12]. 

Of the total of 70 patients, 14(20%) were with para-

thyroidectomy. 

The growth trend of PTH was mainly monitored in 

Group II (duration of dialysis from 5 to 10 years), as 

well as increased PTH values mainly in patients with 

parathyroidectomy. Phosphorus, as the most important 

parameter of mineral-bone metabolism control, had 

increased values in all groups of patients, which indi-

cates the possibility of bone disease complications, 

bone deformities and increased cardiovascular morbi-

dity and mortality.    

Although all our patients were on calcium-based phos-

phate binder therapy, satisfactory phosphate control 

during hemodialysis treatment was not achieved. There 

could be various reasons thereof, but the most co-

mmon are inadequate phosphate intake and irregular 

treatment with phosphate binders.  

Increased production of calcium and phosphorus (in-

creased values of calcium and phosphate) during he-

modialysis lead to an increased risk of intravascular 

calcifications and subsequent increase in cardiovas-

cular morbidity and mortality of these patients [13-16]. 

Given the high PTH values in the group of patients 

with parathyroidectomy, there is a question related to 

the existance of ectopic parathyroid tissue, hyperactivity 

of other parathyroid glands, which are postoperatively 

repeatedly connected with longer duration of dialysis.    

Some studies allege that bone specific AF (bAF) shows a 

high statistically significant interdependency with PTH 

in monitoring the progression of bone disease. It is 

also alleged that there is statistically significant corre-
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lation between the total AF and PTH but to a lesser 

extent [17,18]. 

Taking into account that disorder of the mineral-bone 

metabolism leads to a significant deterioration in quality 

of life, morbidity, and also mortality, primarily of car-

diovascular system, the recommendations of good cli-

nical practice of the American Initiative for successful 

dialysis outcome (K/DOQI Clinical Practice Guidelines) 
are that levels of PTH and AF are determined every 

three months in patients on dialysis, and levels of Ca and 

P each month, and even more frequently in patients on 

therapy, [19] in order to ensure adequate control, slow 

down the progression and improve the quality of life 

for dialysis patients.   

 

Conclusion 
 

The examination of biochemical markers of mineral-

bone metabolism has shown that PTH is the most 

reliable marker for clinical monitoring of bone disease, 

as it correlates well with the values of alkaline phos-

phates and calcium, whereas the levels of calcium and 

phosphate are highly variable and not reliable indicator 

of bone metabolism in patients on hemodialysis. Given 

the high PTH values in the group of patients with 

parathyroidectomy, there is a question related to the 

existance of ectopic parathyroid tissue, hyperactivity 

of other parathyroid glands, which are postoperatively 

repeatedly connected with longer duration of dialysis 

(20% of patients were with parathyroidectomy). In-

creased levels of calcium and phosphates during he-

modialysis treatment lead to an increased risk of intra-

vascular calcificates and subsequent increase of car-

diovascular morbidity and mortality of these patients. 

American Initiative for successful dialysis outcome 

(K/DOQI Clinical Practice Guidelines) recommended 

that levels of PTH and AF are determined every three 

months in patients on dialysis, and levels of Ca and P 

each month, and even more frequently in patients on 

therapy, in order to ensure adequate control, reduce the 

progression of bone disease and improve the quality of 

life for dialysis patients. 
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Abstract 

 
Introduction. Contrast-induced-nephropathy (CIN) is 

a common complication during angiography that may 

lead to long-term complications. This study was conduc-

ted to investigate the effect of melatonin administration 

on prevention of CIN in patients who underwent coro-

nary angiography with intra-arterial contrast agents. 

Method. This is single-blind randomized clinical trial 

that was performed over 100 patients with indication for 

coronary angiography. Patients are randomly assigned 

to two equal groups. All patients in the 12 hours before 

and 12 hours after the procedure, were received adequate 

intravenous hydration with normal saline and for the 

intervention group in addition to hydration, the day 

before angiography and immediately after angiography 

3 mg melatonin was administered. For all patients, serum 

level of creatinine (Cr), blood urea nitrogen (BUN) and 

glomerular filtration rate (GFR) before and 48 hours 

after the procedure were measured. Data were analy-

zed using SPSS 18 software. 

Results. Totally 100 participants with the mean age of 

64.0±8.2 years were enrolled (63% male). There was no 

significant difference between intervention and control 

groups in baseline and demographic characteristics (P> 

0.05). Although the mean serum Cr and BUN level in-

creased in both groups, but the mean Cr, BUN and 

GFR before and after coronary angiography was not 

statistically significant. Based on the definition of CIN 

in the current study, 3(6%) patients from intervention 

group and 2(4%) patients from control group were 

affected by CIN (P = 0.243). 

Conclusion. It is likely that, melatonin administration 

has no significant effect on prevention of CIN follo-

wing coronary angiography. 

 
Keywords: acute kidney injury, contrast media, coro-

nary angiography, melatonin, prevention and control  

___________________________________________ 

 

Introduction 

 

Contrast induced nephropathy (CIN) is the third most 

common cause of in-hospital acute kidney injury, after 

hypotension and surgical intervention [1,2]. In other 

words, CIN is responsible for 5-30% of acute kidney 

injuries in inpatient setting, and after aminoglycoside 

agents, it is the second most common cause of nephro-

toxicity [3-5]. CIN is defined as increased creatinine of 

at least 0.5 mg/dL or 25% increase in serum creatinine 

level after contrast administration. Elevation of serum 

creatinine occurs within 48-72 hours after the contrast 

imaging performance and usually returns to normal 

levels within 7-10 days [6-8]. Based on the evidence 

from previous studies, the prevalence of CIN varies 

from 0.6 to 2.3% in the general population to 20% in 

some patients with underlying cardiovascular disease 

[9]. Although the probability of kidney function reco-

very from CIN is high, in 10-25% of the cases dialysis 

was required. It could increase duration of hospital stay 

and mortality by 5 times that may lead to higher risk of 

complications such as respiratory failure, sepsis and 

hemorrhage [9-12]. According to the prior studies, pa-

tients with a history of kidney injury, especially those 

with underlying diabetes mellitus, congestive heart failu-

re, hypotension, concomitant use of nephrotoxic agents 

or administration of high volume contrast agents are at 

higher risk of kidney injury [13]. The mechanism of 

kidney injury caused by contrast agents is unclear, may 

be it is related to the toxic effects on renal epithelial cells 

and oxidative stress [14,15]. Due to the devastating 

effects of intravenous contrast agents on kidney func-

tion in some patients, various materials have been used 

to prevent this destruction [9]. Nowadays, use of low 

osmolality contrast agents, adequate hydration before 

and after contrast administration, discontinuation of 

diuretics and metformin, reducing the dosage of con-

trast agent and administration of vasodilator drugs are 

applied to prevent CIN [16]. In several studies in order 

to prevent harmful effects of contrast agents on kid-
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ney, other substances such as theophylline contrast 

agents, sodium bicarbonate, HMG-COA reductase inhi-

bitors, ascorbic acid, dopamine and N-acetyl cysteine 

(NAC) were used in various clinical trials [17]. Melato-

nin (N-acetyl-5-methoxytryptamine) is a hormone that 

is secreted from the pineal gland, which has effects 

besides adjusting sleep-wake cycles such as blood pre-

ssure mediator, sedation and analgesic effects [18,19]. 

According to the previous studies, one of the important 

effects of melatonin is its antioxidant effect that remo-

ves free radicals [20,21]. Previous studies also addre-

ssed about minimal side effects of melatonin and also 

it is rapidly absorbed after oral administration and its 

performance begins immediately [20,21]. Considering 

the assumption of melatonin’s antioxidant effect and 

its impact on the process of kidney injury and also due 

to the high availability and the role of oxidative stress 

in contrast induced nephropathy, some animal studies 

support prophylactic and therapeutic effects of mela-

tonin in CIN [20-25]. This study was conducted to inves-

tigate the effect of melatonin administration on preven-

tion of contrast induced nephropathy in patients who 

underwent coronary angiography with contrast agents. 

 

Materials and methods 
 

This is a single blind randomized clinical trial conduc-

ted in Arak, Iran. The research protocol was approved by 

the ethical committee of Arak University of Medical 

Sciences. The researchers followed the tenets of the 

Declaration of Helsinki throughout the study. Informed 

consent was obtained from the participants.  

All patients with more than 18 years old that candidate 

for performing coronary artery angiography were enro-

lled to the study using convenience sampling method. 

The patients were excluded if any known history of 

allergy to melatonin or contrast agents, pregnancy and 

lactation, gastrointestinal malabsorption problem, recent 

infectious diseases, history of chronic systemic disease, 

recent melatonin administration at any dose, and con-

comitant use of medications that may have an impact 

on renal function such as theophylline, dopamine, ma-

nnitol, furosemide. 

The sample size was calculated to be 50 persons for 

each group with respect to the prevalence of CIN in 

similar studies (α=0.05). Participants in two groups were 

matched in terms of age, sex, history of diabetes me-

llitus and hypertension, serum level of creatinine (Cr), 

blood urine nitrogen (BUN) and glomerular filtration 

rate (GFR). Levels of serum Cr and BUN were measu-

red and GFR were calculated using Cockraft-Gault For-

mula. This formula was selected following an expert 

consult with a nephrologist. 

Baseline and demographic information including age, 

gender, history of diabetes mellitus and hypertension, 

serum Cr and BUN and the level of GFR were recor-

ded in pre-prepared checklist. 

Participants were randomized at a ratio of 1:1 to either 

intervention group (50 patients) or control group (50 

patients). Both groups of patients were hydrated with 1 

ml/kg/hour normal saline 9%, from 12 hours before an-

giography through to 12 hours after that. In the interven-

tion group melatonin was also administered; 1 tablet (3 

mg) a day before angiography and 1 tablet (3 mg) imme-

diately after angiography. Since melatonin has not been 

used for CIN in human studies before, and based on 

expert opinion, minimum dose of melatonin was used.  

Patients were followed by the clinical information check-

list before angiography, and 48 hours after that. Their 

serum Cr and BUN and GFR was measured as well. 

According to the prior studies, CIN was defined as 25% 

increase in serum creatinine level or increased creati-

nine of at least 0.5 mg/dL, 48 hours after angiography.  

There is no reported side effect due to melatonin admi-

nistration, still due to the effects of sleep regulation by 

melatonin, patients were recommended not to drive or 

carry on work that requires full mental concentration 

within 12-24 hours after taking melatonin.  

Evaluation and recording the clinical response (based 

on laboratory measurements) of patients was done by 

another doctor who had no knowledge of prescription 

drugs and patients’ group.  

Data were analyzed using SPSS version 18 (version 

18, SPSS Inc, Chicago, IL) and statistical methods to 

determine the frequency of variables. In order to 

analyze the quantitative variables, Student t-test was 

used and X2 test was used for qualitative variables. 

The p-value < 0.05 was considered as significant level. 

 

Results 

 

The mean age of the participants was 64±8.2 years and 

63% were male. Demographic and baseline characteris-

tics of patients are presented in Table 1. Based on the 

findings, 74(74%) and 81(81%) patients had diabetes 

mellitus and hypertension respectively. The baseline 

mean creatinine, BUN and GFR level was 0.83±0.92  

 
Table 1. Demographic and baseline characteristics of studied 

patients 

Variable 
Case 

group 

Control 

group 
p 

Age (year) 63.6±7.7 66±7.3 0.451 

Sex    

Male 44 39 0.343 

Female 26 32 0.462 

Past medical history   

Diabetes mellitus 46 48 0.246 

Hypertension 52 49 0.091 

Bassline renal function tests   

Creatinine (mg/dl) 0.19±0.4 0.49±0.4 0.29 

Blood urine 

nitrogen (mg/dl) 
18.7±6.8 19.03±9.6 0.64 

Glomerular 

filtration rate 

(ml/min) 

84.04±25.2 86.4±30.1 0.64 
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mg/dl, 18.86±8.7 mg/dl, and 85.32±27.9 ml/min respecti-

vely. There was no significant difference between inter-

vention and control groups in baseline clinical and de-

mographic characteristics (P>0.05). 

Table 2 shows mean Cr, BUN and GFR before and 48 

hours after angiography in both studied groups. The 

mean serum Cr and BUN level raised in both groups, and 

the mean GFR decreased in result. But the difference 

between the two groups was not statistically significant.  

 
Table 2. The mean creatinine, blood urea nitrogen and 

glomerular infiltration rate before and 48 hours after 

angiography in two studied groups 

Variable 
Case 

group 

Control 

group 
p 

Creatinine (mg/dl)   

Pre Angiography 0.19±0.4 0.49±0.4 0.29 

48 hours Later 0.39±0.4 0.89±0.3 0.18 

p 0.25 0.08  

Blood urine nitrogen (mg/dl)   

Pre Angiography 18.7±6.8 19.03±9.6 0.64 

48 hours Later 20.3±3 22.2±6.2 0.57 

p 0.24 0.16  

Glomerular filtration rate (ml/min)  

Pre Angiography 84.04±25.2 86.4±30.1 0.64 

48 hours Later 80.2±30.1 81.7±32.3 0.57 

p 0.1 0.07  

 

Based on the definition of CIN in the current study, 

3(6%) patients from intervention group and 2(4%) pa-

tients from control group were affected by CIN. This 

difference was not statistically significant (P=0.243). 

 

Discussion 
 

This study showed that melatonin as an adjunct therapy 

for inhibiting CIN does not have greater advantage 

over use of rehydration alone. According to the current 

evidence regarding the benefits of anti-oxidative agents 

in prevention of kidney injury process, it was assumed 

that the melatonin may be effective in this regard [14, 

20-22]. However, based on the results of current study, 

the melatonin was not significantly effective on CIN 

prevention. Nasri et al. showed that melatonin can sig-

nificantly prevent and treat CIN in rat [22]. In a study 

by Gazi et al. it was reported that both preventive and 

treatment administration of melatonin were lead to 

significant improvement of kidney function in rats 

[26]. In the study of Kilic et al. serum Cr and BUN 

level in the mice that had been using combination of 

melatonin and cisplatin, were significantly lower than 

that those who were only using cisplatin [27]. The 

study of Zararsiz et al. showed that melatonin can signi-

ficantly prevent the oxidative damage in the kidney that 

arises from formaldehyde [28]. Lee et al. addressed 

that melatonin can significantly prevent the gentamycin 

induced oxidative injury based on histopathologic analy-

sis [29]. According to the results of previous animal 

studies, it seemed that melatonin could be beneficial in 

prevention of CIN. Nevertheless, the results of our 

survey was not consistent with the result of these 

studies [22,24,25,30]. 

The limitations of our study included small sample 

size and lack of long-term evaluation in patients that 

may suffered from CIN. To the best we know, no clinical 

human study has been conducted regarding assessing 

the role of melatonin administration on prevention of 

CIN and also there is few animal model, further stu-

dies with larger sample size and further fallow up is 

recommended. There are some other formulas such as 

Modification of Diet in Renal Disease (MDRD), and 

Chronic Kidney Disease Epidemiology Collaboration 

(CKD-EPI) in terms of GFR measurement that could 

be used instead of Cockcroft-Gault [31]. Considering 

these formulas in future research would be valuable. 

 

Conclusion 
 

It is likely that, melatonin administration has no signi-

ficant effect on prevention of CIN following coronary 

angiography. 
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Abstract 

 
Introduction. Monitoring of graft function by creatinine 

concentrations in serum and calculated glomerular fil-

tration rate (GFR) is recommended after kidney trans-

plantation. KDIGO recommendations on the treatment 

of transplant patients advocate usage of one of the exis-

ting mathematical equations based on serum creatini-

ne. We compared clinical application of three equations 

based on serum creatinine in monitoring the function 

of transplanted kidney.  

Methods. A total number of 55 adult patients who re-

ceived their first renal allograft from living donors at 

our transplant center in between 2011-2014 were inclu-

ded into the study. Renal allograft GFR was estimated by 

the Cockroft-Gault, Nankivell and MDRD formula, and 

correlated with clinical parameters of donors and recipients. 

Results. The mean age of recipients was 35.7±9.5 (range 

16-58), and the mean age of donors was 55.5±9.0 (34-

77) years. Out of this group of 55 transplant patients, 

50(90.91%) were on hemodialysis (HD) prior to trans-

plantation. HD treatment was shorter than 24 months 

in 37(74%) transplant patients. The calculated GFR 

with MDRD equation showed the highest mean value 

at 6 and 12 months (68.46±21.5; 68.39±24.6, respecti-

vely) and the lowest at 48 months (42.79±12.9). Accor-

ding to the Cockroft&Gault equation GFR was the 

highest at 12 months (88.91±24.9) and the lowest at 48 

months (66.53±18.1 ml/min). The highest mean level 

(80.53±17.7) of the calculated GFR with the Nankivell 

equation was obtained at 12 months and the lowest 

(67.81±16.7 ml/min) at 48 months. The values of Pear-

son’s correlation coefficient between the calculated GFR 

and the MDRD at 2 years after transplantation accor-

ding to donor’s age of r=-0.3224, correlation between 

GFR and the Cockfroft & Gault at 6 and 12 months and 

donor’s age (r=-0.2735 and r=-0.2818), and correlation 

between GFR and the Nankivell at 2 years and donor’s 

age of r=-0.2681, suggested a conclusion that calcula-

ted GFR was lower in recipients who had an older donors.  

Conclusion. Our analysis showed difference in the 

calculated GFR with different equations at the same 

time points. Using one mathematical equation during 

the total post-transplantation period would be a reco-

mmended method in order to eliminate the discrepancy 

in determining the stage of kidney failure. 

 

Key words: renal transplantation, glomerular filtration rate, 

estimation, Cockroft-Gault, Nankivell, MDRD, outcome 

___________________________________________ 

 

Introduction 

 

The increased number of patients with chronic kidney 

disease (CKD) is one of the challenges encountered by 

nephrologists worldwide. CKD is a global public 

health problem that affects 5-10% of the population in 

western countries, with economic implications on health 

funds. Decrease in glomerular filtration rate (GFR) lo-

wer than 60 ml/min has also been emphasized [1,2]. 

Patients with kidney diseases are at higher risk of 

death, especially from cardiovascular events as well as 

at higher risk of progressive exacerbation of the kid-

ney function leading to development of end-stage renal 

disease (ESRD), frequent hospitalizations and poor quali-

ty of life [3]. Treatment modalities of ESRD include dia-

lysis (peritoneal and hemodialysis) and kidney trans-

plantation. Increasing prevalence of ESRD on one 

hand, and stagnant or declined organ donation on the 

other hand prolong waiting time for kidney transplan-

tation. Thus, the age of potential transplant recipients 

and comorbidities of patients as a result of dialysis 

treatment seem to be increasing over time [4]. Many 

factors have impact on the function of transplanted 

kidney. Some of them are modifiable and thus are of 

particular importance [5].  
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Monitoring of graft function by creatinine concentra-

tions in serum and calculated GFR is recommended af-

ter transplantation. KDIGO recommendations on the 

treatment of transplant patients advocate usage of one 

of the existing mathematical equations based on serum 

creatinine [6].  

We compared clinical application of three equations ba-

sed on serum creatinine in monitoring the function of 

transplanted kidney.  

 

Material and methods 
 

A total number of 55 adult patients who received their 

first renal allograft from the living donor at our trans-

plant center in between 2011 to 2014 were included into 

the study. Donor data included sex, age of the donor, 

type of donation (related or unrelated donor), and data 

that refer to the patient were sex, age, length of hemo-

dialysis (HD) treatment prior to transplantation, prima-

ry kidney disease, type of immunosuppressive therapy. 

Clinical and biochemical variables, serum creatinine, 

serum urea, protein status, 24 hours proteinuria, body 

weight and height were analyzed at 3, 6, 12, 24, 36 and 

48 months after transplantation. 

The estimated GFR was calculated with three equations. 

1. Cockcroft–Gault equation 

[(140-age(years)) x weight (kg)/(0.814serum 

creatinine(µmol/l)](x0.85, for females). 

2. Nankivell equation 

6.7/(serum creatinine(mmol/l)+0.25xweight(kg)-0.5 x 

urea(mmo/L)-100/height (m)
2
+35(25 for females) 

3. MDRD study equation: 

170 × (serum creatinine(mg/dl))
−0.999

 × (age(years))
−0.176

 × 

(0.762 if patient is female) × (1.18 if patient is black) 

× (serum urea nitrogen concentration(mg/dl))
−0.170

 × 

(serum albumin concentration(g/dl))
0.318

. 

 

Results 

 

The mean age of recipients was 35.7±9.5 (range 16-

58), and the mean age of donors was 55.5±9.0 (34-77) 

years. Out of this group of 55 transplant patients, 50 

(90.91%) were on HD prior to transplantation, while 

pre-emptive transplantation was performed in 5 pa-

tients. HD treatment was shorter than 24 months in 37 

(74%) transplant patients. 

 
Table 1. Serum creatinine levels 

Creatinine 

µmol/L 

Descriptive Statistics 

N mean±SD min - max 

  3 months 55 116.47±55.6 70-421 

  6 months 55 114.69±53.9 56-451 

12 months 55 109.71±39.7 65-320 

24 months 55 124.51±57.3 55-470 

36 months 52 124.31±35.3 58-240 

48 months 51 137.35±43.4 59-290 

 

 

Table 1 presents the mean values, minimal and maxi-

mal levels of serum creatinine at 3, 6, 12, 24, 36 and 

48 months after transplantation; gradual increase in the 

level was registered by the 48
th
 month. 

 
Table 2. Estimated GFR (glomerular filtration rate) based on 

three equations, MDRD (Modification of Diet in Renal 

Diseases), Cockroft-Gault and Nankivell 

MDRD 
Descriptive Statistics 

N mean ± SD min - max 

  3 months 55 67.82±23.1 10.86-133.67 

  6 months 55 68.39±24.6 10.13-164.69 

12 months 55 68.46±21.5 14.96-143.08 

24 months 55 49.97±14.6 7.5-98.68 

36 months 52 47.21±12.7 19.13-92.33 

48 months 51 42.79±12.9 18.18-89.61 

Cockroft-Gault   

  3 months 55 86.41±149.9 17.29-149.96 

  6 months 55 86.62±24.1 16.14-161.5 

12 months 55 88.91±24.9 22.75-145.79 

24 months 55 76.23±21.2 14.52-115.0 

36 months 52 72.52±18.8 25.27-111.15 

48 months 51 66.53±18.1 27.15-104.0 

Nankivell    

  3 months 55 78.58±18.1 16.36-114.4 

  6 months 55 78.93±18.5 14.31-128.68 

12 months 55 80.53±17.7 22.73-117.67 

24 months 55 73.82±18.4 12.2-18.45 

36 months 52 72.11±16.1 28.55-124.6 

48 months 51 67.81±16.7 23.75-122.9 

 

We used these values for estimation of allograft func-

tion by three equations (Table 2). 

The calculated GFR with the MDRD equation showed 

the highest mean value at 6 and 12 months (68.46±21.5; 

68.39±24.6, respectively) and the lowest at 48 months 

(42.79±12.9 ml/min). According to the Cockroft & 

Gault equation GFR was the highest at 12 months 

(88.91±24.9) and the lowest at 48 months (66.53±18.1 

ml/min). The highest mean level (80.53±17.7) of the 

calculated GFR with the Nankivell equation was ob-

tained at 12 months and the lowest (67.81±16.7 ml/ 

min) at 48 months. 

A negative correlation was registered between GFR 

calculated with the MDRD and HD treatment during 

the total follow-up. However, the correlation was sta-

tistically significant only at the end of the follow-up, 

48 months post-transplantation (R=-0.316; p=0.03). GFR 

calculated with the Cockroft & Gault and Nankivell 

equations showed a negative statistically insignificant 

correlation with HD treatment duration. 

The values of Pearson’s coefficient on the correlation 

between the calculated GFR and the MDRD at 2 years 

after transplantation according to donor’s age of r=-

0.3224, correlation between GFR and the Cockfroft & 

Gault at 6 and 12 months and donor’s age of r=-0.2735 

and r=-0.2818, correlation between GFR and the Nankivell 

at 2 years and donor’s age of r=-0.2681, suggest a con-

clusion that calculated GFR was lower in recipients who  
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had older donors.  

The results obtained showed that grafts from younger 

donors had a better function analyzed with the MDRD 

equation during the total analyzed period after trans-

plantation, but a statistically significant difference was 

confirmed at 24 months after transplantation (p=0.033). 

The function of the graft calculated with the Cockroft 

&Gault equation was better in those obtained from youn-

ger donors in all analyzed time points, but a statistica-

lly significant difference was confirmed at 6 (p=0.029), 

at 12(p=0.011), and at 24 months (p=0.028) after trans-

plantation. Higher levels of GFR calculated with the 

Nankivell equation were registered for the graft from 

younger donors in the completely analyzed period, but 

the mean GFR levels between grafts obtained from 

donors younger than 60 years and grafts from donors 

aged 60 years and over did not reach statistical signi-

ficance (Student t-test). 

The function of the graft analyzed with the Cockroft-

Gault equation was better in the groups with glomeru-

lopathies as a primary disease compared to the group 

with other kidney diseases, being statistically different 

at 24, 36 and 48 months after transplantation (p<0.05). 

 

Discussion 

 

We have analyzed the function of the graft by using 

three mathematical equations based on serum creatinine 

concentration and factors of influence during the first 

48 months after transplantation. 

KDIGO recommendations for kidney transplant reci-

pients advocate estimation of GFR during post-trans-

plantation follow-up by determination of serum creati-

nine level. None of the equations demonstrated their su-

periority. Our study compared GFR calculated with three 

equations, Cockroft-Gault and Nankivell. 

Cockroft-Gault is the oldest equation, most frequently 

applied in the clinical practice, but insufficiently analyzed 

for its precision and accuracy in transplant recipients 

[7]. Nankivell equation was constructed especially for 

transplant patients [8]. Levy et al. constructed a pre-

dictive equation from a group of 1628 patients included 

in the Modification of Diet in Renal Diseases (MDRD). 

This equation has been incorporated in majority of stu-

dies including transplant patients [9]. 

In our study the highest levels of calculated GFR were 

obtained with the Cockroft-Gault equation. Conducted 

studies have shown that this equation overestimate GFR. 

The unique component that is being changed is serum 

creatinine, which in the post-transplantation period de-

pends on the improved nutritional status and cortico-

steroid therapy. The lowest GFR levels were obtained 

with the MDRD equation, that includes other bioche-

mical variables such as serum albumin, urea, as well as 

other categorical variables. However, the best results 

for precision and specificity regarding the directly deter-

mined GFR were obtained with the MDRD equation [17].  

Regarding the factors of influence, we analyzed the 

graft function in patients with different HD treatment 

duration before transplantation. We registered a negative 

correlation during the total follow-up between GFR 

calculated with the MDRD equation and HD length of 

treatment. The level of GFR rate with the MDRD 

equation decreased with the increase of HD duration. 

The correlation was statistically significant solely at the 

end of the follow-up, i.e. at 48 months post-transplan-

tation. Using the other two equations, we also observed a 

negative correlation but without statistical difference. 

Studies have demonstrated negative association between 

length of HD and post-transplantation outcome regar-

ding survival of the graft and recipients. American Re-

nal Data System shows advantage not only of the pre-

emptive transplantation on graft survival, but the pe-

riod of HD treatment may be also a risk factor for graft 

loss and mortality of recipients both for living and 

deceased donor transplantation [10]. This analysis has 

revealed that HD treatment for 6-12 months has a 37% 

long-term impact on graft loss in comparison with pre-

emptive transplantation regardless the duration of the 

underlying disease (diabetes, glomerular diseases). Another 

analysis has shown that the length of HD treatment has 

an impact on the graft loss only in transplant patients 

from living donors [11]. Studies have supported the 

acceptance of even marginal donors if the waiting time 

for transplantation was very long. In the study where 

kidneys from the same donor were transplanted to 

recipients with different HD treatment duration, less 

than 6 months and longer than 24 months, it was 

shown that the long-term ten-year graft survival was 

statistically significant by 63% vs. 29% respectively 

for the mentioned groups [12].  

In our study dialysis vintage longer than 24 months 

resulted in poorer graft function. Complications asso-

ciated with HD treatment include traditional risk fac-

tors such as older age, dyslipidemia, DM, left-ventri-

cular hypertrophy, as well as non-traditional risk fac-

tors such as albuminuria, anemia, impaired metabolism of 

calcium and phosphorus, malnutrition and oxidative stress, 

that lead to development of cardiovascular diseases. 

These complications are a result of the poorer function of 

the transplanted kidney in this group of patients. 

Regarding the age of donors as a factor influencing the 

graft function, our analysis done with the Pearson’s 

coefficient of linear correlation on the association of 

the calculated GFR with the MDRD equation at 2 

years, Cockcroft & Gault equation at 6 and 12 months, 

and with Nankivell equation at 2 years suggested that 

the calculated GFR was lower in kidney recipients who 

had older donors. 

The function of the graft analyzed with the three equa-

tions regarding the age of the donors showed a higher 

GFR at all time points in younger donors, with statis-

tical difference when using the MDRD equation at 24  
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months post-transplantation (p=0.033), with the Cockcroft 

&Gault equation at 6 months (p=0.029), at 12 months 

(p=0.011), and at 24 months (p=0.028), and with the 

Nankivell equation being at borderline at 24 months 

(p=0.051). 

Analyses about the transplantation outcome have shown 

that the quality of donated kidney has a leading role in 

the function and long-term survival of the graft. On the 

other hand, long waiting lists for transplantation, aging 

of potential kidney recipients and more rapid dete-

rioration of the health condition during hemodialysis 

stimulate donation of organs from individuals older 

than 60 years [13]. The number of glomeruli and mean 

glomerular volume are in negative correlation with age 

after the sixth decade of life. The number of sclerotic 

glomeruli after the age of 60 is 30-50% as result of 

glomerulosclerosis, microvascular lesions and total 

loss of nephrons. The number of functional nephrons 

is smaller in grafts from older donors than from youn-

ger donors [14,15]. The systematic analysis on the 

transplantation outcome that included function of the 

graft and survival of the recipients in the period 1980-

2008 showed that kidney recipients from donors older 

than 60 years had a poorer 5-year outcome regarding 

graft function and survival of the recipients than those 

from younger donors [16]. 

In some countries, as shown in the Norwegian registry, 

16% of living donors are older than 60 years, and 

7.7% are over the age of 65, whereas in Canada 6% of 

donors are older than 60 years [18,19]. The American 

RDS shows no upper age limits regarding acceptance 

of donors [20].  

The results obtained in the recent analysis of United 

Network for Organ Sharing (UNOS) database from 

1994 to 2012 that made comparison of living donors 

>60 years, living donors <60 years, showed equal graft 

survival and overall survival in older donors compared 

to SCD (standard criteria donor), better than ECD (ex-

panded criteria donor), but worse than grafts obtained 

from younger living donors [21-23]. In comparison 

with other studies, our study has shown a poorer 

function of grafts from older donors in the early period 

post-transplantation, at 6 months and 2 years, with sta-

tistical difference during total follow-up of 48 months. 

However, the function of grafts from older donors is 

satisfactory and by the end of the analysis supports do-

nation of organs from expanded criteria donors, espe-

cially in conditions of insufficiently developed cadave-

ric transplantation. 

Our patients were divided in two groups regarding the 

graft function and the underlying, baseline disease. The 

first group included patients with glomerulonephritis 

and diabetic nephropathy as basic disease, and the se-

cond group included patients with obstructive nephro-

pathy, polycystic kidney disease and undifferentiated 

diseases. Higher GFR levels were registered in the first 

group with the three used equations at all time points, 

and the statistical difference was observed with the 

C&G equation at 24, 36 and 48 months. Glomerular 

diseases as a cause for development of end-stage kid-

ney disease account for 30-50% of transplant popula-

tion. These patients are at risk of recurrence of the 

underlying disease and graft loss. The new immuno-

suppressive medications influence the rate of acute re-

jection as well as reduce the chronic allograft nephro-

pathy [24]. The study of Briganti et al. comprising a 

total of 1505 patients with performed biopsy of the na-

tive and transplanted kidney demonstrated that recu-

rrent GN as a cause of graft loss is on the third place of 

all defined causes. The risk of graft loss in the first 

year was 0.6% and at 10 years 8.4% [25]. Diabetes as 

the underlying disease can eventually develop recu-

rrence of diabetic nephropathy, but to a different cli-

nical degree. Eighty to hundred percent of patients 

with DM as an underlying disease develop histological 

changes within diabetic nephropathy. The time of on-

set of DN in the graft is 6 years after transplantation. 

On the other hand, the incidence for development of 

DN as a cause for graft loss has been insufficiently 

clinically examined and is considered to be rare [26]. 

Of note, our results have shown better function of the 

grafts in patients with diagnosed glomerular diseases 

and diabetic nephropathy versus those with undifferen-

tiated diseases. This might be a result of the optimal 

doses of immunosuppressive medications, which con-

sequently lead to a smaller number of episodes of 

acute rejection and decrease in calcineurin toxicity, in 

the period of 4 years follow up after transplantation. In 

order to make comparison with world trends that show 

poorer functioning of the graft in a long-term follow-

up up to 10 years, further analyses are required. Absence 

of the correct etiological diagnosis pre-transplantation 

imposes the need of performing kidney biopsies so as 

to predict the post-transplantation course and to deter-

mine the most optimal immunosuppressive therapy. 

 

Conclusion 
 

Our analysis has shown difference in the calculated 

GFR with different equations at the same time points. 

Using a single mathematical equation during the total 

post-transplantation period would be a recommended 

method in order to eliminate the discrepancy in deter-

mining the stage of graft failure. 

With regard to the factors of influence, longer HD 

treatment and expanded criteria donors have a negative 

impact on the graft function. Matching of adult groups 

and etiological assessment of the causes of end-stage 

renal disease aimed at optimization of immunosuppre-

ssive therapy are recommended with respect to the 

transplantation procedure outcome.  
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Abstract 
 

Introduction. Extracellular sodium (Na
+
) concentration 

is maintained within a tight physiological range due to 

hormonal control, that mainly modulates thirst, Na
+
 and 

water renal excretion. Extra-renal regulation of Na
+
 and 

water homeostasis is only partially understood. Recently 

it has been debated whether the osmotically inactive 

Na
+
 storage is fixed or variable.  

Methods. In the present study, fourteen End-Stage Re-

nal Disease (ESRD) patients treated by chronic hemo-

dialysis underwent by accident to a sharp increase in 

plasmatic calcium (Ca
+2

) levels due to the failure of 

the water control system, leading to the so-called hard 

water syndrome. The levels of plasmatic Ca
+2

 after 1 

hr of hemodialysis were correlated with urea, Na
+
, po-

tassium (K
+
) and creatinine levels. Eleven ESRD patients 

treated with hemodialysis under similar conditions were 

used as controls. 

Results. The hard water syndrome resulted in hyper-

calcemia, while mean plasma levels of Na
+
, K

+
 and 

urea were not different compared to controls. Plasma 

creatinine levels were slightly but significantly higher 

that control. A correlation analysis on the measured 

variables has showed a positive correlation between 

plasma Ca
+2

 and Na
+
 levels (Pearson=0.428, p=0.032), 

and the absence of any correlation with K
+
, creatinine 

and urea concentration. 

Conclusions. Our study suggests that acute changes in 

plasmatic Ca
+2

 levels may affect Na
+
 concentration in 

the absence of renal function; it is possible that hyper-

calcemia may trigger Na
+
 release from the osmotically 

inactive storage. These data further support previous 

observations on the interplay of sodium and calcium at 

extrarenal sites. 

 

Keywords: calcium, hemodialysis, hard water syndrome, 

hypercalcemia, natremia 

___________________________________________ 

 

 

Introduction 
 

The extracellular sodium represents one of the main 

determinants of plasma osmolarity. A fine regulation 

of Na
+
 plasmatic levels is guaranteed by a strict hormonal 

control, which mainly acts on the regulation of thirst, 

Na
+
 and water renal reabsorption [1]. Several evidences 

suggest that a large reservoir of osmotically inactive 

sodium is represented by the extracellular matrix of 

bone, skin and muscles [2]. The circumstances under 

which this reservoir may vary are under active debate. 

It has been recently suggested that there is a balance 

between the osmotically active and inactive Na
+
 pool; 

thus, upon slow changes in body fluids, the composi-

tion of inactive Na
+
 pool changes accordingly. In rats, 

long-term salt deprivation is accompanied by a dec-

rease in the charge density of skin GAGs, and the con-

sequent mobilization of osmotically inactive Na
+
. This 

finding suggests that the skin and the connective ti-

ssues may serve as a Na
+
 storage, capable to release 

Na
+
 in response to reduced intake by changing its po-

lyanionic character [3]. 

In addition, several studies have recently shown that in 

both humans and animal models, chronic hyponatremia 

is associated with bone resorption and osteoporosis 

[4]. One possibility is that chronic hyponatremia may 

lead to sodium loss from the bones with consequent 

bone demineralization [5]. It remains unclear how this 

large Na+ reservoir is regulated. Clearly, since the ex-

tracellular proteins can bind both calcium and Na
+
, 

some extrarenal form of interaction between the two 

ions might exist. For instance, it is well known that 

many cells express a Na
+
- Ca

+2
 Exchanger (NCX), and 

that there is a perfect coupling between Na
+
 and cal-

cium transcellular fluxes based on their extracellular 

concentrations [6,7]. 

The exact knowledge of this interplay is important be-

cause it may provide an additional mechanism of so-

dium regulation, independent of the kidney function; 

in addition, this regulation might have clinical impact 

particularly in patients undergoing dialysis (who lack 
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kidney regulation for extracellular sodium and rely on 

the dialysis system). 

Under physiological conditions, the extrarenal Na
+
/ 

Ca
+2

 interplay cannot be easily studied, because of the 

tight control of the kidney itself of these ions, which 

masks any extrarenal [8]. 

On the other hand, in patients with the absence of kid-

ney function, such as in patients under dialysis treatment, 

the Na
+
 and calcium levels are also tightly controlled 

by the dialysis. 

Therefore, it seems impossible in human subjects to 

test the relation between calcium and sodium levels in 

the absence of kidney compensation. 

Recently, we have had the possibility to study the effects 

of an extracellular calcium increase on Na
+
 levels in 

subjects undergoing chronic hemodialysis treatment. 

These subjects underwent by accident to a sharp in-

crease in calcium levels due to a failure in the water 

control system (Hard Water Syndrome). 

These subjects experienced a rapid increase in blood 

pressure and malaise, and therefore the dialysis process 

has been interrupted after 1 hr. This unfortunate and 

irreproducible accident represented also a unique occa-

sion to test the extra-renal effects of calcium on plasma 

sodium in human subjects without kidney compensation.  

The hypothesis is that in presence of a large increase 

of extracellular calcium, the latter should compete with 

the Na
+
 bound to the extracellular matrix, thus leading 

to a linear increase of (unbound) plasmatic Na
+
. 

We also expect that this effect is dampened by the bu-

ffering effect of the dialysis process on Na
+
 ions; ho-

wever, a correlation between calcium levels and the Na
+
 

levels should yet be detected as the rate equilibrium of 

Na
+
 would be slower if a greater amount of Na

+
 is 

mobilized by a larger amount of calcium. 

We discuss the findings under the hypothesis of a 

sodium-calcium interplay at extrarenal sites, which has 

already received a large support based on animal 

models (see also the recent review by Sterns) [9]. 

 

Materials and methods 
 

Fourteen patients under chronic hemodialysis treatment 

three times a week for end-stage renal disease (ESRD) 

have received, by accident, unsoftened tap water in their 

dialytic process. 

Analyses were conducted retrospectively using deidenti-

fied patient data; thus this study was deemed exempt 

from the requirement of ethical approval by the insti-

tutional review board. We adhered to the Declaration 

of Helsinki; informed consent was not required. 

The water conductivity in samples derived from tap 

water reached 483 mS/cm, while the treated water had 

a mean value of 15 mS/cm. The dialysis treatment was 

stopped after 60 minutes due to the emergence of se-

vere headache, vomiting, hypertension, tachycardia and 

nausea, typical for the "Hard Water Syndrome" [10]. 

Water samples for chemical surveillance were collected 

from the tubes serving the dialysis: the problem in the 

water filters was recognized and subsequently solved. 

All patients subsequently fully recovered from the 

accident and no patient suffered any health problem 

due to it. 

For comparison, blood samples from 11 patients under 

regular dialysis were taken 60 minutes after the start of 

the treatment. 

Hemodialysis was delivered using a Fresenius HD 

machine FX 5800 (Fresenius FMC, Germany) progra-

mmed to provide a dialysis flow rate of 500 ml/min at 

a temperature of 36°C. Standard bicarbonate buffered 

dialysate concentrate (Fresenius 335) was used to yield 

a dialysis fluid containing the following concentra-

tions: bicarbonate 32 mmol/L, glucose 5.5 mmol/L, 

calcium 1.5 mmol/L, K
+
 2.0 mmol/L, Na

+
 142 mmol/L. 

Blood flow was set in the range 200-360 ml/min. 

All patients had arteriovenous fistulas and arterial blood 

samples were collected from the fistula at the end of 

the dialysis process. All patients received seleparin 

3000-4000U as anticoagulation each dialysis session. 

At the end of the 60-min dialysis process, the blood 

samples were collected to measure plasma sodium, po-

tassium, calcium, urea and creatinine.  

 

Statistical analysis 
 

Multivariate ANOVA was used to verify significant 

differences between the two groups. Multiple post-hoc 

was performed to identify significant differences. 

Correlation analysis between the measured variables 

was conducted to observe relationships among the 

serum ions. The rejection value was set at p<0.05. 

 

Results 
 

As shown in Table 1, after 1 hr of dialysis treatment, 

the control and hypercalcemic patients were comparable 

for urea, K
+
 and Na

+
 levels. Conversely, in all patients  

 

 
Fig 1. Correlation between calcium (horizontal axis) and sodium 

levels (vertical axis) 
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treated with hard water the most remarkable result was 

the presence of an increase by 45% of blood calcium 

levels (p<0.01, test t for non-paired data). Moreover, 

hypercalcemic patients also showed a small increase 

(13%), but statistically significant, of creatinine levels 

(p=0.011, t-test for non-paired data). 

A correlation analysis on the measured variables after 

dialysis is shown in Figure 1. Specifically, calcemia was 

not correlated with potassium, creatinine and urea le-

vels, whereas a positive correlation was noted with the 

Na
+
 levels (Pearson=0.428, p=0.032). Figure 1 also shows 

the linear regression analysis between calcium and Na
+
. 

 

Discussion 
 

The present study shows that, in the absence of renal  

function, natremia linearly depends on calcium levels. 

This observation went previously unnoticed because 

the strength of the relationship was quite weak (for 1 

mg/dl of change in calcemia, the natremia changed by 

only 0.27 mmol/L). Therefore, to observe this relation-

ship two conditions must be met: first, large modifica-

tions in the calcemia must occur to induce a quanti-

fiable modification in natremia. This condition was met 

in our setting when a population of subjects with hard 

water syndrome was studied. Second, linear correlation 

methods should be used rather than classification of 

subjects in two or more calcemic groups. Indeed, even 

in our settings, if the population was subdivided in only 

two groups (normal versus high calcium), the power of 

the test would be insufficient to establish a significant 

difference in natremia (Table 1). 

 
Table 1. Characteristics of controls and hypercalcemic patients (post-dialysis refers to 

values after 1 hr) 

 Dialysis Controls 

(mean ±SEM) 
Dialysis hypercalcemic 

(mean ±SEM) 
p (t-test for non-

paired data) 
n 11 14  
Creatinine (mg/dl) 5.2±1.3 5.9±0.3 P=0.058 
Urea (mg/dl) 61.9±15 54.6±13.2 NS 
Na+ (mEq/L) 137.23±2.5 138.5±2.6 NS 
K+ (mEq/L) 4.39±0.47 4.29±0.6 NS 
 Ca+2 (mg/dl) 9.66±0.48 14±2 P<<0.01 
NS: p> 0.05 

 

The fact that the subjects were ESRD patients under 

chronic hemodialysis clearly excludes the role of kidney 

function in the pathogenesis of this phenomenon. Howe-

ver, our observation can be explained by more than one 

mechanism. The first possibility is that high calcium 

concentration in the dialysate may affect the dialysis 

membrane permeability. This hypothesis is unlikely, 

because the state of hypercalcemia seems not to affect 

the diffusion of other electrolytes such as potassium, 

as indicated by the absence of any difference in K
+
 

plasma levels between patients and controls. 

Another possibility is that the increased calcium con-

centration in the dialysate, leading to an increased os-

molality of the dialysis solution, may alter the osmotic 

gradient, thus producing water and solute removal. 

Theoretically, a hypertonic dialysis solution is suppo-

sed to diminish the efficiency of water and solute re-

moval. In fact, by the 1980-ties, after the advent of blood 

pumps and dialyzers with large surface area, the use of 

hypotonic dialysate solutions (that cause a severe dialysis 

disequilibrium syndrome) were considered no longer 

crucial to obtain dialysis salt and water removal, and 

therefore, dialysate solutions containing more physiologi-

cal concentration of Na
+
 have been used subsequently 

[11]. However, the increased osmolality of the dialysate 

caused by the accidental increased calcium content is 

supposed to diminish urea, water and other solute remo-

val. Interestingly, besides the increased plasmatic calcium 

levels, and urea, the other measured electrolytes did 

not differ significantly among patients and controls. 

Moreover, we cannot exclude that the elevated amount 

of extracellular calcium modifies the plasma membrane 

permeability, leading to a cell loss of Na
+
. However, 

several factors are against this hypothesis:  

1) the intracellular amount of sodium is much lower 

than extracellular fluids, so diffusion or facilitated 

process is unlikely to occur;  

2) as the trend toward an increased plasma concen-

tration is confined to the Na
+
, a not-specific and 

generalized permeability of the plasma membrane 

is unlikely to happen? 

Therefore, we speculate that this phenomenon might 

be explained by the buffering activity of the extracellular 

matrix in response to an increased extracellular calcium 

concentration, leading to release of Na
+
 in exchange 

with calcium (Figure 2). 

Major limitations of the study are: (i) the limited sample 

size (ii) the limited amount of available data (unfortu-

nately, due to the acute setting of the accident, other 

important hematologic parameters were not measured 

at the time), (iii) the impossibility to directly measure 

the amount of osmotically inactive Na
+
 before and 

after the accident. However, given the rarity of the 

hard water syndrome, this information still retains its 

validity in human beings. 
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            Fig. 2. Schematic representation of sodium/calcium interplay at the level of the extracellular matrix 

 

In fact, the repetition of the study is practically impo-

ssible, because it derives from an unfortunate accident 

during a dialysis treatment. However, the data are of 

large interest and might foster further studies in the field. 

 

Conclusion 

 

Our data suggest that in the absence of kidney 

function, an extracellular increase of calcium induced 

by high calcium levels into the dialysate is 

accompanied by a trend toward increased plasma Na
+
 

levels. Speculatively, hypercalcemia might foster sodium 

release from the extracellular matrix. This might rep-

resent an additional form of sodium homeostasis, which 

does not necessitate kidney intervention. The conclu-

sion of the study has a number of limitations. First, a 

larger amount of data should be necessary to lend fur-

ther support to the hypothesis of an extrarenal handling 

of sodium. However, this is simply impossible, given 

the incidental nature of our observations, which make 

them also very precious and rare. Therefore, the obser-

vation of a correlation between calcium and sodium in 

this case is simply a confirmation of the hypothesis of 

an extrarenal interplay of the two molecules, due to the 

large extracellular reservoir of sodium [9]. 
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Abstract 

 
Propionibacterium acnes is a gram-positive human skin 

commensal that is involved in the pathogenesis of acne 

and prefers anaerobic growth conditions. It has been con-

sidered as a low virulence pathogen in different clinical 

conditions. We present the case of acute peritonitis caused 

by Propionibacterium acnes in a peritoneal dialysis patient. 
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Propionibacterium acnes 
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Introduction 

 
Propionibacterium acnes is a gram-positive human 

skin commensal that is involved in the pathogenesis of 

acne and prefers anaerobic growth conditions. It has 

been considered as a low virulence pathogen in diffe-

rent clinical conditions [1]. We present a case of acute 

peritonitis caused by Propionibacterium acnes in a pe-

ritoneal dialysis patient. 

 

Case report 

 

A 50-year-old male with end-stage renal disease caused 

by autosomal dominant polycystic kidney disease had 

started with continuous ambulatory peritoneal dialysis 

in April 2014. In June 2016 he was admitted to hospi-

tal with a 2-week history of episodic cloudy dialysis 

fluid (once in 5 days) all of them with normal leuco-

cytes in dialysis effluent and sterile cultures without 

pain or febrility. Broad investigations to determine the 

cause of the sterile peritonitis were planned, however, 

two weeks after the onset of intermittent changes in 

dialysis effluent appearance, Propionibacterium acnes 

was identified from the effluent culture in anaerobic 

culture conditions. On admission, his temperature was 

36°C, heart rate 72 beats per minute and blood pressu-

re 120/70 mmHg. The abdomen was not painful, with 

palpable polycystic kidneys. Skin on his back was 

covered by acnae. Peritoneal dialysis catheter exit-site 

was clear. Initial laboratory investigations revealed white 

blood count 6.9x10
9
/L with 69.7% neutrophils, hemo-

globin 157 g/L, blood urea nitrogen 22.4 mmol/L, creati-

nine 1022 µmol/L and C-reactive protein 17.2 mg/L. 

Leucocytes in effluent were 0.1 x10
9
/L with predomi-

nance of neutrophils. Chest X-ray was normal, as well 

as plain abdominal X-ray. Intraperitoneal vancomycin 

combined with ciprofloxacin was initiated and conti-

nued for 10 days with additional 3 doses of vancomycin 

1 g each applied weekly. Patient responded promptly 

with L in effluent 0.0 /L and C-reactive protein 2.4 mg/L 

at discharge from the hospital and no further episodes 

of cloudy dialysis fluid over the next year. 

 

Discussion 

 

Improvements in microbiological technologies for iden-

tification of the pathogenic microorganisms may con-

tribute to decrease number of "sterile" peritonitis epi-

sodes. P. acnes has been associated with focal intracra-

nial infections [2], infections of the cerebrospinal fluid 

shunt [3], corneal infections [4], endophthalmitis [5], en-

docarditis of both prosthetic [6] and native aortic val-

ves [7]. It has also been identified as a cause of several 

orthopedic, silicone breast prosthesis, and prosthetic joint 

infections [8-10]. It has also been found on peritoneal 

catheters from patients without signs of infection [11].  

The tendency of P. acnes to form biofilm [8] suggests 

potential benefit of intraperitoneal application as well 

as for prolonged antibiotic treatment to avoid recurrent 

infection. 

It is important to stress that according to the current 

criteria [12], the patient had only two of the proposed 

criteria for acute peritonitis. Apart from the cloudy dialy-

sate and positive culture, the patient did not have abdo-

minal pain, high fiver, nor increased leucocyte number 

in the peritoneal fluid. However, our case clearly demon-

strate that even without clinical signs of peritonitis, such 

infection should occupy our attention and that therapy 

should be included with an aim to prevent possible con-

mailto:nina_basic@net.hr
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sequences. Another point is that one should carefully 

examine the PD patients skin, which is often neglected 

in clinical examination. 

 

Conclusion 

 

In conclusion, Propionibacterium acnes is a rare cause 

of clinically important infection in peritoneal dialysis 

patients. Low virulence of P. acnes may be the main 

cause of the low initial leucocytes count in effluent cul-

ture, as well as of insidious and nonspecific clinical cour-

se. Tendency of biofilm formation requires prolonged 

antimicrobial treatment. 
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Abstract 

 

A 21-year-old female patient with abdominal pain, 

vomiting and constipation was admitted to the hospital 

with the possible diagnosis of diabetic ketoacidosis. 

Due to increased abdominal pain and constipation the 

patient underwent a surgery with the diagnosis of 

ileus. However, no pathological findings were found in 

the abdominal organs apart from serous fluid in the 

abdominal cavity. The patient became hypertensive, 

tachycardic and had an episode of seizures postope-

ratively. Neurological manifestations with unexplained 

abdominal pain indicated a diagnosis of acute intermi-

ttent porphyria (AIP). Acute intermittent porphyria diag-

nosis is based on elevated urinary δ-aminolevulinic acid 

(ALA) and porphobilinogen (PBG) levels as well as hyd-

roxymethylbilane synthase (HMBS) IVS13-2 A>G hete-

rozygous mutation. Familial Mediterranean Fever (FMF) 

gene mutations were not confirmed. Porphyria should 

be considered in the differential diagnosis of patients 

with recurrent abdominal pain, neurological symptoms 

and lack of FMF gene polymorphism. 

 

Introduction 

 

Porphyrias are a group of diseases caused by deficien-

cy in the activity of enzymes related to heme biosyn-

thesis [1]. The clinical manifestations of the disease are 

related to the accumulation of heme intermediates such 

as δ-aminolevulinic acid (ALA) and porphobilinogen 

(PBG) in various tissues [1]. Porphyria can be classified 

as cutaneous or hepatic [2]. Acute intermittent porphyria 

(AIP) represents the most common form of acute hepatic 

porphyria that depends on porphobilinogen deaminase 

deficiency and is manifested with increased urinary ex-

cretion of ALA and PBG [3,4,5]. Clinical signs usually 

appear after puberty and are more frequent in women 

[1]. Different stimuli such as hormonal factors, stress, 

prolonged fasting, infections, alcohol, porphyrinogenic 

drugs and reduced caloric intake may cause acute 

attacks. During attacks, abdominal pain, constipation, 

vomiting, hypertension, tachycardia, fever and various 

peripheral and central nervous system symptoms may 

be seen [4,5]. Hyponatremia due to inappropriate 

antidiuretic hormone secretion represents the most 

common electrolyte disorder in AIP. 

 

Case 

 

A 21-year-old female patient with a history of type 1 

diabetes mellitus for nine years was admitted to the 

Emergency Department of the hospital complaining of 

vomiting, abdominal pain and constipation. The patient 

was treated with an intensive insulin regimen using as-

part and glargine insulin. Upon further questioning, the 

patient stated that she had started cabbage and unba-

lanced diet (poor in carbohydrates and rich in proteins) 

one week prior to her admission in the hospital. She 

said that she was on regular insulin during this period. 

On physical examination blood pressure was 110/70 

mm/Hg, heart rate 110 beats/minute and temperature 

36.4ºC. The results of the laboratory tests in the emer-

gency department are shown in Table 1. 

The ultrasound scan of the abdomen showed no ab-

normalities and the patient was transferred to the De-

partment of Internal Medicine with the possible diag-

nosis of diabetic ketoacidosis. Oral intake was interrup-

ted and the patient was treated with intravenous insulin 

and saline infusion for 24 hours. Insulin infusion was 

stopped after ketones become negative in urine samples 

and intensive insulin therapy was restarted. As there 

were persistent complaints of abdominal pain and con-

stipation for approximately 4 days during her hospita-

lization, the surgeons were called and the patient was 

transferred to the Department of Surgery. After a com-

puted tomography (CT) scan of abdomen, the patient 

was operated with the diagnosis of ileus. However, apart 

from serous fluid collection in the abdominal cavity, 

no abnormal findings were observed. At the same time 
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 Table 1: Laboratory findings 

Variables Results Reference values 
Hemoglobin 10.8 gr/dl 12.2-16.2 
Hematocrit 32.8 % 37.7-47.9 
Mean Corpuscular Volume (MCV) 74.5 fL 80.0-97.0 
Platelets 269 x10^3/uL 140-400 
White blood cells 5.4 x10^3/uL 4.2-10.6 
Neutrophil 2.8 x10^3/uL 2.0-6.9 
Glucose 429 mg/dl 74-106 
Urea 13 mg/dl 17-43 
Creatinine 0.9 mg/dl 0.60-1.10 
Aspartate Aminotransferase (AST) 68 U/L 0-35 
Alanine Aminotransferase (ALT) 59 U/L 0-35 
Lactate Dehydrogenase (LDH) 206 U/L 0-247 
Albumin 3.3 g/dl 3.6-5.2 
Sodium 128 mmol/L 136-146 
Potassium 3.03 mmol/L 3.5-5.1 
C-Reactive Protein (CRP) 0.434 mg/dl 0.000-0.800 
Erythrocyte Sedimentation Rate (ESR)  8 mm/hour 0-20 
Antinuclear antibody (ANA) 1/160 Nuclear stippling + 1/80 

homogeneous 
 

Anti-Smooth-Muscle Antibody (ASMA) Negative  
Antimitochondrial antibody  (AMA) Negative  
Glutamic acid decarboxylase (GAD) 

Antibody 
7.93 IU/ml >10 positive 

Cortisol 17.19 µg/dL 6.2-.19.4 
Toxoplasma gondii Antibodies, IgG 10.5 (positive)IU/mL <7.2 Neg  >8.8 Poz 
Rubella IGG (the antibody) 152 (positive) IU/ml < 9 Neg  >11 Poz 
IGG antibody to CMV) 99.4 (positive)IU/ml < 0.4 Neg  >0.6 Poz 
Hepatitis B Surface Antigen 0.2 (negative) S/CO  
Hepatitis B Surface Antibody > 1000.00 (positive) mIU/mL  
HIV Antibody 0.11 (negative)S/CO  
Hepatitis C virus (HCV) antibody 0.41 (negative)S/CO  
Aminolevulinic acid ( ALA ) 146 µmol/L 0-8 µmol/L 
Porphobilinogen (PBG) 273 µmol/L 0-34 µmol/L 

 

 
    Fig. 1. Increased signal intensity in the occipital lobe as     

    indicated by an arrow on the MRI image 

 

gynecologists were also called, but again no gyneco-

logical abnormalities were found. During the first post-

operative week, abdominal and back pains were repeated 

with increased intensity. The patient became hyperten-

sive (160/100 mm/Hg) and tachycardic (150 pulse/ minu-

te) on the 7th postoperative day and she developed to-

nicoclonic seizures that lasted for 3 minutes. A similar 

episode repeated twice. The patient was transferred to 

Intensive Care Unit because of deterioration of vital 

signs. Electroencephalography (EEG) showed paroxys-

mal abnormalities in the anterior cerebral hemisphere 

and magnetic resonance imaging (MRI) detected an in-

creased signal intensity in the occipital lobe compa-

tible with postictal edema (Figure 1). The laboratory 

results are shown in Table 1. Porphyria was considered 

in the differential diagnosis due to unexplained abdo-

minal pain and neurological symptoms. ALA and PBG 

levels were measured in the urine. Urine ALA and PBG 

levels were found to be 146 µmol/L (reference values: 

0-8 µmol/L) and 273 µmol/L (reference values: 0-34 

µmol/L), respectively. Acute intermittent porphyria 

was diagnosed in the light of these results. AIP gene 

mutation were studied and hydroxymethylbilane syntha-

se (HMBS) IVS13-2 A>G heterozygous mutation was 

found. Familial Mediterranean Fever (FMF) gene mu-

tations were also studied but were not confirmed. Pa-

tients’ symptoms regressed and vital signs were back to 

normal after administration of analgesics, beta blockers, 

insulin, intravenous dextrose and isotonic NaCl. Gaba-

pentin was given in order to control seizures. After 

monitoring in the Intensive Care Unit she was transfe-
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rred to the Department of Internal Medicine. Hyponatre-

mia was considered secondary to SIADH, and sodium 

levels increased to normal with fluid restriction. Gaba-

pentin was prescribed at a dose of 300 mg 2x1 daily. 

She was discharged with proper diet and instructions 

to avoid long-term fasting and porphyrinogenic drugs. 

 

Discussion 
 

AIP is a rare autosomal dominant metabolic disorder 

characterized by a deficiency of the enzyme PBG 

deaminase [6]. Its prevalence is 2-3 cases per 100000 

persons per year [7].  

Although the disease shows an autosomal dominant 

inheritance, genetic penetrance is low [8]. The most 

common presenting symptom of AIP is abdominal pain 

lasting from hours to days. Due to the characteristics of 

recurrent attacks of abdominal pain in acute intermi-

ttent porphyria, Familial Mediterranean Fever (FMF) 

should be considered in the differential diagnosis. FMF 

may be presenting with attacks of fever, abdominal 

pain, serositis and arthritis which are common mani-

festations in the Mediterranean Area, including our 

country. Furthermore, AIP should be considered in the 

differential diagnosis of patients with recurrent abdo-

minal pain and with a negative FMF gene polymorp-

hism. Patients with AIP might have symptoms that 

mimic acute abdomen which could lead to surgical 

intervention. In the case of suspected porphyria, after 

exclusion of possible causes of acute abdomen, urinary 

ALA and PBG levels should be measured [5]. Abdo-

minal pain in patients with diabetic ketoacidosis is a 

common finding. In case of diabetic ketoacidosis, it is 

difficult to diagnose acute intermittent porphyria. On 

the other hand, ileus can be seen in patients with por-

phyria and ileus can cause abdominal pain. Porphyria 

should be considered in patients with unexplained ab-

dominal pain or other characteristic symptoms. No 

clear association was defined between diabetes mellitus 

and AIP. One study suggests that there is a beneficial 

effect of diabetes on AIP [9]. There are no data indica-

ting increased frequency of porphyria in type 1 diabe-

tes. According to American Porphyria Foundation, some 

foods such as charcoal-broiled meats, cabbage, and 

Brussels sprouts contain chemical substances which 

can up-regulate hepatic ALA synthase 1. The amounts 

of such foods that could induce hepatic ALA synthase 

1 have not been carefully studied [10]. AIP patients 

should be fed a balanced diet with moderate carbohyd-

rate, protein and fat consumption and should avoid 

long periods of fasting or excessive diet. Dextrose 

infusion is recommended during an acute attack. Due 

to the diagnosis of type 1 diabetes, dextrose and in-

sulin were administered at same time. Yang et al. have 

studied the types of HMBS mutations in Chinese pa-

tients with AIP and identified twenty-five HMBS mu-

tations [11]. We found HMBS IVS13-2 A>G hetero-

zygous mutation in our patient. AIP may affect the auto-

nomic, peripheral and central nervous systems. Neuro-

logical symptoms of acute porphyrias include severe 

pain, paresis, peripheral neuropathy, muscle weakness, 

difficulty swallowing, other bulbar signs, confusion, 

delirium and seizures [12]. Posterior reversible encepha-

lopathy syndrome (PRES) is a rare clinico-neuro-ra-

diological entity and a rare presenting feature of AIP. 

PRES has distinct clinical and neuroimaging features 

and is characterized by sudden onset of headache, 

seizures, altered mental status and visual disturbances. 

MRI studies typically show edema involving bilateral 

white matter of posterior cerebral regions, especially 

the parieto-occipital lobes, and sometimes the frontal 

and temporal lobes. Other encephalic structures may 

also be involved [13]. Although AIP is associated with 

encephalopathy and epilepsy, few cases have been re-

ported in the literature. 

 

Conclusion 

 

Our patient had severe muscle pain in legs and lumbar 

region. She developed tonicoclonic seizures that lasted 

for 3 minutes and repeated twice. These findings were 

attributed to neurological involvement of AIP and si-

milar supportive therapy applied to AIP attacks was 

used. AIP should be kept in mind in the approach of 

patients with epileptic encephalopathy in the clinical 

practice. The choice of the antiepileptic drug is an 

important feature in preventing triggering of attacks as 

well as in treatment itself. In patients who have AIP 

and are admitted in emergency room with acute attack, 

the treatment should begin immediately. They should 

be treated with a high carbohydrate intake (at least 300 

g/day), narcotic analgesics for the pain, beta blockers 

for tachycardia, intravenous hydration and electrolyte 

replacement if necessary. Fluid restriction should be 

considered in case of SIADH in patients with AIP. The 

most important part of treatment is to avoid any stimu-

lus that can trigger an attack [14]. Porphyria needs to 

be considered in the differential diagnosis of patients 

with neurological symptoms, unexplained abdominal 

pain and intermittent hypertension.  
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Abstract 

 

Amiodarone is a potent inhibitor of CYP3A4 and can 

increase serum concentrations of drugs that are substrates 

of this enzyme system. Immunosuppressive drugs are 

also metabolized through the cytochrome metabolic path-

way what may lead to important drug-drug interactions.  

A 60-year-old female received her second allograft from 

the deceased donor and was treated with tacrolimus, 

mycophenolate mofetil and steroids. Amiodarone was 

introduced for treatment of paroxysmal atrial fibrilla-

tion four days after the transplantation. One month af-

ter the discharge she was readmitted to hospital for eva-

luation of the creeping creatinine. Biopsy showed bor-

derline acute rejection. She received 3 boluses of 6-

methilprednisolone but creatinine continued to rise. 

Repeated biopsy was without signs of rejection with 

mild interstitial fibrosis/tubular atrophy, mild global 

glomerulosclerosis and moderate arterial sclerosis. 

However, tubular vacuolization was prominent. After 

careful revision of her therapy we decided to replace 

amiodarone with sotalol. One week later her creatinine 

fell from 350 to 220 µmol/l and remained stable. This 

case illustrates possible amiodarone nephrotoxicity in 

a renal transplant recipient.  We suggest that patients who 

need amiodarone in combination with tacrolimus be clo-

sely monitored by both cardiologists and nephrologists, 

with frequent determinations of tacrolimus trough levels 

and serum creatinine measurements. 

 

Key words: tacrolimus, amiodarone, interaction, renal 

transplantation, nephrotoxicity 

___________________________________________ 

 

Introduction 

 

Amiodarone is an important drug indicated for the treat-

ment of supraventricular and ventricular arrhythmias, 

such as atrial or ventricular fibrillation. It is a potent 

inhibitor of CYP3A4 and may increase serum concen-

trations of drugs that are substrates of this enzyme sys-

tem. Additionally, amiodarone may inhibit the P-gly-

coprotein efflux pump in the intestines thus enhancing 

absorption of certain drugs. Immunosuppressive drugs 

are also metabolized through the cytochrome metabolic 

pathway [1], what may lead to important drug-drug in-

teractions. Several case reports have described QT inter-

val prolongation after concomitant use of amiodarone and 

tacrolimus [2,3]. Also, amiodarone nephrotoxicity has been 

demonstrated in animal and observational studies [4-6].  

We report a case of kidney allograft dysfunction po-

ssibly caused by amiodarone nephrotoxicity precipi-

tated by tacrolimus. 

 

Case report 
 

A 60-year-old woman with end-stage renal disease 

caused by chronic glomerulonephritis without biopsy 

received her second allograft from deceased donor in July 

2014. First transplantation was performed in 1996, and 

graft functioned until 2005 when she had restarted with 

hemodialysis. Immunosuppression consisted of Thymo-

globulin induction, tacrolimus (0.1 mg/kg), mycopheno-

late mofetil 2x1 g and steroids. Amiodarone was intro-

duced 4 days after the transplantation for treatment of 

paroxysmal atrial fibrillation. She was discharged from 

the hospital with serum creatinine 212 umol/l 15 days 

after transplantation, in the sinus rhythm. Other drugs 

included pantoprazole, bisoprolol, valgancyclovire, tri-

metoprim-sulphometoxazol, vit D3, furosemid, minoxi-

dil and moxonidine. She was readmitted to the hospital 

one month later for evaluation of allograft dysfunction 

with the "creeping" serum creatinine reaching 330 µmol/l. 

Tacrolimus trough level was 8.2 µg/L. Trimetoprim-

sulphometoxazol was immediately omitted. Viruses were 

negative. Biopsy showed borderline acute rejection with 

negative C4d. Donor specific antibodies were negative. 

CML and ADCML were both positive, however, with 

evident cytotoxicity in the control test of autologous 

serum what may be consequence of drugs toxicity. She 

received 3 boluses (500 mg each) of 6-metilprednisolone 

with no effect. Serum creatinine continued to rise with 
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no changes indicative for acute rejection on repeated 

biopsy. Pathohistological finding included mild inter-

stitial fibrosis/tubular atrophy, mild global glomerulo-

sclerosis and arterial sclerosis. However, tubular vacuoli-

zation was present (Figure 1) indicating possible toxicity.  

 

 
Fig. 1. Vacuolization of tubular epithelial cells. Hemalaun eosin, x 40 

 

After careful revision of her therapy we suspected 

amiodarone nephrotoxicity and decided to replace amio-

darone with sotalol for rhythm control. Seven days 

after removing amiodarone, serum creatinine fell from 

350 to 220 µmol/l and remained stable during the fo-

llow-up of three years. 

 

Discussion 

 

We describe a case of a kidney transplant recipient 

with a possible amiodarone-tacrolimus interaction leading 

to amiodarone nephrotoxicity. Tacrolimus is metaboli-

zed by cytochrome CYP3A4 in liver and small bowel. 

It is also a substrate for P-glycoprotein, a drug trans-

porter that decreases the absorption and increases ex-

cretion of substrates. Amiodarone inhibits both mecha-

nisms and therefore may cause drug-drug interactions 

[1]. Amiodarone and tacrolimus interactions have been 

previously described [2,3]. Both are substrates at CYP3A 

for enzyme metabolism and could potentially be impli-

cated in increasing the concentration of the other agent 

through competition for metabolism sites.  

To our knowledge, this is the first report demonstrating 

amiodarone-tacrolimus interaction beyond the QT inter-

val prolongation with normal trough levels of tacroli-

mus. It seems that underestimated drug-drug interac-

tion ultimately induced amiodarone nephrotoxicity.  

Previous case reports recommend frequent serum tac-

rolimus concentration monitoring and prospective tac-

rolimus dose reductions when the two drugs are given 

in combination. The amiodarone-induced inhibition of 

tacrolimus metabolism resulted in significantly lower 

doses of tacrolimus necessary to achieve proper thera-

peutic serum concentrations [3]. Much less is known 

about effects of tacrolimus on possible elevation of 

amiodarone concentration, which may be clinically im-

portant while both animal and observational studies su-

ggested that amiodarone may cause renal impairment 

by reducing renal blood flow or inducing tubular alte-

rations [4-6].  

In conclusion, given the importance of the amiodaro-

ne-tacrolimus interaction, we suggest that patients who 

need amiodarone in combination with tacrolimus be 

closely monitored by both cardiologists and nephrolo-

gists, with frequent determinations of tacrolimus trough 

levels and serum creatinine measurements. If possible, 

an alternative agent for control of hearth rhythm in renal 

transplant recipients treated with tacrolimus should be 

discussed with cardiologists. 
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Abstract 
 

First renal transplantation in Montenegro was perfor-

med on September 25
th

, 2012. Since then, 32 trans-

plantations have been performed. Only one was from 

deceased donor, the remaining were from living do-

nors. 40.4% of all patients with end-stage renal disease 

currently live with the functioning renal allograft (190 

patients on dialysis, 129 transplanted patients). There 

are 32 patients on the waiting list. Further efforts will 

be focused on development of the deceased donor prog-

ram and introduction of the AB0 incompatible renal 

transplantations. 

 

Keywords: renal transplantation, Montenegro, living 

donors  

___________________________________________ 

 

Dear Sir,  

 

Until the establishment of the own renal transplant 

program citizens of Montenegro went for transplantations 

in neighboring countries of the former Yugoslavia if 

they had living donor or to countries with illegal mar-

ket of organs or went for transplantation in the states 

with legal possibility for foreigners to be placed on the 

waiting list for kidney transplantation if they could 

financially afford transplantation (France, Russia). From 

1990 until September 2012 92 transplantations were 

performed-4.14 per year. Doctors from Montenegro 

had to learn how to face numerous complications asso-

ciated with this kind of transplantations. In order to 

stop transplant tourism and to provide the best option 

of renal replacement treatment, Montenegro decided to 

establish its own program despite the small overall 

number of dialysis patients which never exceeded 190. 

Montenegro became a member of the Regional Health 

Development Center (RHDC), a part of the South East 

European Health Network (SEEHN), in February 2011. 

RHDC is an organization supported by the Council of 

Europe, with aim to establish all necessary conditions 

for the development of transplantation in the South-

eastern Europe. At that time Croatian transplant results 

were enormous, placing Croatia on the top of the world 

with a record number of donors per million population 

and number of transplanted kidneys per million popula-

tion. Connections and support from RHDC helped to 

establish collaboration between Montenegro and Croatia [1].  

The first renal transplantation in Podgorica, Montenegro 

was performed on September 25
th
, 2012 in collabora-

tion between the Croatian and the Montenegrin trans-

plant teams. Since then, 32 transplantations have been 

performed-6.4 per year. Out of these 32 transplanta-

tions, 31 were from the living donor and only one from 

the deceased donor (Figure 1).  

One patient developed thrombosis of the renal artery, 

and after the thrombendarterectomy had functioning allo-

graft for additional two years when was retransplanted.  

 

 
Fig. 1. Number of kidney transplantations performed at Clinical 

centre Montenegro since September 2012 by year of transplantation 
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Other patients are doing well without significant post-

transplant complications, as well as all donors. 

It is important to stress that 97 potential living donors 

were evaluated over the observed period. All of them 

were either family-related or emotionally-related poten-

tial donors. From this number, only 31(31.9 %) satis-

fied the criteria to become donors. Others had clinical 

contraindications for donation. Montenegro currently 

has 190 patients on dialysis in 11 centers dispersed 

throughout the country. The waiting list for renal trans-

plantation was corrected; all patients were reevaluated 

and have been prepared for the eventual call for trans-

plantation. Thus, 32 patients are currently on the waiting 

list (16.8% of dialysis population). 40.4% of all patients 

with end-stage renal disease are living with the func-

tioning renal allograft. 

Establishment of the national transplant program hel-

ped to increase number of transplantations per year. 

However, we have not solved the problem of patients 

without adequate living donor while we failed to deve-

lop deceased-donor transplantation program. Further 

steps include development of the AB0 incompatible 

program in order to increase number of potential living 

donors, and nationwide efforts to introduce organ do-

nation from deceased donors. 

In conclusion, huge efforts have been invested to 

promote deceased donor program in Montenegro. 

However, rejection rate is still extreme. It is obvious 

that families of potential donors still have no adequate 

knowledge to perceive transplantation. Thus, education 

of the medical personnel and of the community is 

mandatory if we want to improve our results.  
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