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ABSTRACT 

Introduction and Aims: Although glomerulonephritis is rare in the general population it is the second most important 
cause for end-stage renal failure. The therapy of glomerulonephritis is guided by a limited number of individual clinical 
trials and treatment recommendations are based on meta-analysis and Cochrane Systematic Reviews. The impact of 
such therapy standards on the prognosis of glomerulonephritis is not known. Methods: Between October 2002 and De- 
cember 2008 patients with abnormal urine findings and/or decreasing renal function of unknown cause were referred for 
renal biopsy. In a collaboration of out-patient nephrologists with a major teaching hospital, all patients received treat- 
ment recommendations according to evidence-based therapy guidelines based on Cochrane Systematic Reviews. Patient 
charts were systematically reviewed and patients were re-examined for follow-up until November 2009. Cox Regres- 
sion analysis was performed to identify independent prognostic factors. Results: Two hundred patients with primary or 
secondary glomerulonephritis were identified. Complete follow-up data were available from 196 patients with 324 
therapeutic interventions. The mean follow-up was 2.8 ± 2.0 years. Among all patients, 37% remained unchanged ill, 
13% died, 17% had progressing renal disease, while 19% had a complete and 14% a partial remission. Proteinuria de- 
clined in primary glomerulonephritis (5.0 ± 5.4 g/d to 2.1 ± 3.4 g/d, p < 0.001) and secondary glomerulonephritis (4.8 ± 
4.6 g/d to 2.7 ± 3.1 g/d, p = 0.004). The highest rates of remission were observed in minimal change disease (83%) and 
membranous nephropathy (50%). Survival was lowest in MPGN and secondary rapid-progressive glomerulonephritis 
(33% and 50%, respectively). 70 (22%) interventions were complicated by adverse events resulting in treatment cessa- 
tion in 25 cases. Cox univariate analyses identified the following parameters to improve outcome: Histology, no tubu-
lointerstitial fibrosis, primary glomerulopathy, absence of hypertension at presentation, diabetes, ischemic heart disease, 
no diuretics or insulin, serum creatinine < 175 µmol/l, blood pressure < 160 mmHg, age < 60 ys, prednisolone, cyc-
losporin A, azathioprine, and follow-up by 24 hr urine. In a multivariate forward Cox regression analysis, tubulo-inter- 
stitial fibrosis had a hazard for the combined end-point of death, dialysis and progression of renal failure of 4.4 (95% 
confidence interval (95% CI: 1.8 - 10.6) while intensive follow-up by regular 24 hr urine collections reduced the risk to 
0.3 (95% CI: 0.1 - 0.7), treatment with prednisolone had a hazard of 0.3 (95% CI: 0.1 - 0.9), and cyclosporin A therapy 
a hazard of 0.2 (95% CI: 0.02 - 1.4). Application of Cochrane review based therapy guidelines along with intensified 
monitoring of renal function prolonged dialysis-free survival by 1.7 years. Conclusions: In a multivariate model of 
standardised glomerulonephritis therapy the presence of tubulointerstitial fibrosis was associated with death or progress- 
sive renal disease, while prednisolone-based therapy regimens and intensified nephrological follow-up resulted in a sig-
nificant delay of endstage-renal failure. This result should direct future health care policies because glomerulonephritis 
accounts for nearly 20% of the dialysis population. 
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1. Introduction 
Glomerulonephritis can be classified as a rare disease 
because the prevalence is less than 5 per 10,000 popu- 
lation [1]. Rare diseases are a threat to the health of EU 
citizens insofar as they are life-threatening or chronically  

debilitating diseases with a low prevalence and a high 
level of complexity [2]. Thus, glomerulonephritis is the 
underlying disease for 19% of all dialysis-dependent pa- 
tients in Germany [3]. Similar numbers are reported from 
the United Kingdom [4] and the United States of Amer- 
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ica [5] making glomerulonephritis to the second most 
important cause for end-stage renal disease beside diabe- 
tes mellitus. Systematic diagnosis and therapeutic ap- 
proaches were limited to individual research groups. The 
results of clinical trials are limited by the small number 
of included patients. During the last years, systematic 
Cochrane reviews have tried to summarize the results 
and give therapeutic recommendations. The validity of 
such recommendations is still pending and search in 
Health Technology Assessment databases [6] gives no 
answer to the question of treatment efficacy or cost ab- 
sorption by this group of patients. 

This paper presents data on the systematic application 
of recommendations from Cochrane systematic reviews 
about the therapy of glomerulonephritis in a well-defined 
population backed by epidemiological data. 

2. Methods 

The study was approved by the Ethical Board of the 
University of Rostock, ref # A 2009 33. Written consent 
was received from all patients. 

2.1. Patients 

Between October 2002 and December 2008 patients with 
abnormal urine findings and/or decreasing renal function 
of unknown cause in the state capital of Mecklen-burg- 
Lower Pomerania Schwerin and the surrounding counties 
Nordwestmecklenburg, Güstrow, Parchim, Prignitz, and 
Ludwigslust were referred for renal biopsy. For details of 
the patient cohort see Braun et al. [1]. 

2.2. Therapy 

Following the establishment of a histopathological diag- 
nosis all patients received treatment recommendations 
considering their individual clinical presentation. The 
recommendations were strictly based on evidence-based 
therapy guidelines as given in continuously updated and 
published Cochrane Systematic Reviews (cited in their 
latest version): 

Minimal Change Nephropathy (MCN) with nephrotic 
syndrome: As the Cochrane review by Palmer et al. [7] 
was inconclusive with respect to the treatment of adults 
due to a lack of clinical studies, recommendations were 
deducted from one cited adult study [8] and analogous rec- 
ommendations given in Cochrane Reviews for the treat- 
ment of children [9-11]. Patients received 1 mg/kgBW/ 
day of oral prednisolone for 4 - 6 weeks. In the case of 
steroid-resistant nephrotic syndrome, cyclosporin A was 
given in an adult adjusted dose of 3.5 - 5 mg/kgBW/day 
in two divided doses aiming at a full blood through level 
between 80 - 140 ng/ml. 

Focal and segmental glomerulosclerosis (FSGS): Pa- 
tients with nephrotic syndrome treated with cyclosporin 

A (CSA) at an initial dose of 3.5 - 5 mg/kgBW/day in 
two divided doses in combination with oral prednisolone 
0.15 mg/kgBW/day are more likely to achieve a partial 
remission of the nephrotic syndrome compared with 
symptomatic treatment or prednisolone alone [12]. Thus, 
patients initially received prednisolone 1 mg/kgBW/day 
for at least 6 weeks followed by cyclosporin A and pred- 
nisolone if still nephrotic. Non nephrotic patients re- 
ceived symptomatic treatment. In the case of cyclosporin 
resistance a trial with cyclophosphamide was offered 
[13]. 

Primary mesangioproliferative glomerulonephritis  
(MesGN) of the IgA type: Treatment was based on the 
Cochrane review by Samuels et al. [14] and stratified 
according to the suggestions by Floege et al. [15] In brief, 
patients with proteinuria ≥ 1 g/d and GFR ≥ 60 ml/min 
were treated according to Pozzi et al. [16] but when pro- 
teinuria was less than 1 g/d only oral prednisolone was 
prescribed. Patients with deteriorating renal function were 
treated with oral cyclophosphamide 1.5 mg/kgBW/day 
for three months followed by azathioprine and predniso- 
lone 0.5 mg/kgBW/day [17]. 

Idiopathic membranous glomerulonephritis (MGN): 
Treatment was based on the Cochrane review by Schi- 
eppati et al. [18]. After stratification according to Cat- 
tran [19]. In brief, patients with mild proteinuria <4 g/d 
and normal renal function were treated symptomatically. 
Patients with persistent moderate proteinuria ≥4 g/d and 
<8 g/d with normal renal function for more than 6 
months were treated with a modified Ponticelli scheme 
using methylprednisolone in combination with 1.5 mg/ 
kgBW/day cyclophosphamide instead of chlorambucil 
for 6 months [20]. Patients with persistent proteinuria ≥8 
g/d and/or deteriorating renal function were treated with 
an adjusted dose of 3.5 - 5 mg/kgBW/day cyclosporin A 
in two divided doses for at least 6 months. In the case of 
treatment-resistance an attempt to switch the primary 
therapy option was undertaken. Patients not responding 
to this treatment recommendation after one year could 
be treated experimentally with other immunosuppres- 
sants. 

Necrotising glomerulonephritis with crescents (NGN): 
This histological entity presented clinically as rapidly 
progressive glomerulonephritis and patients were treated 
as an emergency according to the recommendations of 
Walters’ Cochrane review [21]. Methylprednisolone, oral 
cyclophosphamide and plasmapheresis were applied for 
induction therapy and azathioprine was used for mainte- 
nance therapy. Antibiotics were not routinely adminis- 
tered to prevent relapse, although in single cases rheu- 
matologists prescribed such medication. 

Secondary immune complex nephritis without necro- 
tising glomerulonephritis: These patients who suffered 
mainly from pauci-immune complex glomerulonephritis 
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were treated according to the recommendations of the 
Cochrane review by Walters et al. [21]. 

Lupus nephritis: Patients with lupus nephritis class II 
were treated for non major organ involvement according 
to the current guidelines of the American College of 
Rheumatology, i.e. primarily with oral prednisolone 0.5 
mg/kgBW/day, hydrochloroquine, and if appropriate with 
azathioprine or cyclosporin A [22]. Patients with class III 
- IV lupus nephritis were treated according the recom- 
mendations of the Cochrane review by Flanc et al. [23] 
with monthly IV cyclophosphamide and methylpredniso-
lone/prednisolone for six months followed by azathio-
prine. Patients with class V lupus nephritis were treated 
with cyclophosphamide only if severe proteinuria ≥8 g/d 
and/or deteriorating renal function were present. 

Symptomatic treatment: Patients with nephrotic range 
proteinuria were recommended to take a diet reduced in 
salt (3 g/d sodium chloride) and protein (0.8 g/kgBW/d) 
content. Medication consisted in loop diuretics in com- 
bination with ACE inhibitors and angiotensin receptor 
blockers [24]. For hypertension, additional calcium re- 
ceptor blockers and β receptor blockers were prescribed. 
Target blood pressure was 125/75 mmHg but diastolic 
blood pressure in patients with impaired renal function 
should be at least below 90 mmHg [25]. 

2.3. Definitions 

Patients with nephrotic syndrome were regarded to have 
complete remission if proteinuria was ≤0.3 g/d with nor-
mal renal function and a serum creatinine ≤ 110 µmol/l. 
Partial remission was defined for all types of glomeru-
lonephritis except MesGN as proteinuria ≤2.0 g/d (MesGN 
≤ 1.0 g/d) and normal renal function. Patients with per- 
sistent proteinuria and stable renal function were classi- 
fied “diseased”. Patients with doubling of serum creatinine 
were considered to have progressive renal disease. A com-
bined end-point of progressive renal failure or death of 
any cause until last follow-up was defined for statistical 
analysis. 

2.4. Patient Follow-Up and Patient Adherence 

All patients were offered a personal counselling once the 
histological diagnosis was established. An interpretation 
of the histology in association with the clinical presenta- 
tion and laboratory results were given together with a 
treatment advice according to the most recent Cochrane 
Review recommendations. The referring nephrologist 
then was responsible for the further treatment and data on 
applied treatment, blood pressure, renal function and 
proteinuria were monitored prospectively. All patients 
were advised to collect 24 hrs urine samples in regular 
intervals for the estimation of endogeneous creatinine 
clearance and proteinuria by a written instruction sheet. 

For most patients and medical practitioners, 24 hrs urine 
collection is a cumbersome procedure and was not stan- 
dard before this programme. However, our hypothesis 
was that regular 24 hrs urine collections demands coop- 
eration of the patient and could increased the patient’s 
insight into the pathomechanism of nephritis and thus, 
increase the acceptance of correct intake of symptomatic 
and specific medications. 

2.5. Data Acquisition 

Collection of individual patients’ data, biopsy report and 
treatment recommendation were performed prospectively 
in a central registry, while treatment and follow-up re- 
sponsibility was transferred to the referring physician. In 
the year 2009, records of all patients biopsied between 
October 2002 and December 2008 were again systema- 
ticcally reviewed by a structured form for the following 
data: Patient identification and pseudonym, age at the 
time of biopsy, gender, histological diagnosis and per- 
centage of tubulo-interstitial fibrosis in the renal cortex, 
referring nephrologist or general practitioner, comorbid- 
ity (coronary heart disease, peripheral arterial occlusive 
disease, arterial hypertension, diabetes mellitus), medica- 
tion with ACE inhibitors, angiotensin receptor blockers, 
diuretics, HMG CoA inhibitors, insulin, oral antidiabetics, 
oral anticoagulation or anti-platelet drugs, serum creatinine, 
MDRD-GFR, endogeneous creatinine clearance, 24 hrs 
proteinuria or alternatively, spot urinary protein-create- 
nine quotient and dip-stick proteinuria. Blood pressure 
monitoring was recommended for all patients if possible 
by ambulatory automatic blood pressure measurement. 
For statistical analysis mean of systolic and diastolic 
blood pressure measurements were calculated at the be- 
ginning and end of the follow-up. If 24 hrs ambulatory 
blood pressure recordings were performed, mean of all 
systolic and diastolic blood pressure measurements were 
used. Mean arterial blood pressure was calculated ac- 
cording to the formula MAD = diastolic blood pressure + 
(systolic – diastolic blood pressure)/3. 

2.6. Statistics 

For quantitative parameters we present the results as 
mean ± standard deviation (SD) for normally distributed 
variables or as median and information about the range. 
Qualitative measurements were given as absolute and 
relative frequencies. Testing for differences of continu- 
ous variables between two independent groups was ac- 
complished by the two-sample t-test or the Mann-Whit- 
ney U test by ranks as appropriate. Test selection was 
based on evaluating the variables for normal distribution 
employing the Kolmogorov-Smirnov test. Intraindividual 
changes were tested by using Student’s paired t-test. 
Survival for the combined end-point of progressive renal 

Copyright © 2012 SciRes.                                                                               OJNeph 



N. BRAUN  ET  AL. 

Copyright © 2012 SciRes.                                                                               OJNeph 

52 

disease or dialysis or death was calculated and graphi- 
cally displayed according to Kaplan-Meyer method. Dif- 
ferences between curves were assessed by Mantel’s log- 
rank test for censored survival data.  

The Cox proportional hazards model [26] was used to 
identify relevant variables influencing the combined end- 
point progressive renal failure or dialysis or death. There- 
after, variables yielding p-values ≤ 0.20 in the univariate 
analyses were entered in the multivariate model to high- 
light some adjusted associations between the outcome 
and covariates [27]. All p-values are two-sided, and p ≤ 
0.05 was considered to be significant. All calculations 
were performed with PASW Statistics 18 for Microsoft 
Windows, a courtesy gift by SPSS Munich, Germany 
(www.spss.com). 

3. Results 

3.1. Patients and Treatment 

The demographics of the patient cohort is described 
elsewhere (see “Incidence and prevalence of glomeru-  

lonephritis in Northern Germany”). In summary, 200 pa- 
tients (123 males, 77 females, mean age 53 ± 16 years)  
with either primary (n = 130) or secondary glomeru- 
lonephritis (n = 70) were diagnosed between October 
2002 and December 2008. Over this time period, 324 
different therapies in 195 patients were analysed. Ninety 
seven patients (49%) received a specific immunosup- 
pressant therapy and 13 patients (7%) were not started on 
their recommended specific treatment. The mean fol- 
low-up was 2.8 ± 2.0 years (median 2.6 years, range 
0.008 - 7.1 years). Number of patients in the different 
glomerulonephritis subtypes, follow-up and their specific 
first-line therapy recommendations are given in Table 1. 
Symptomatic treatment was prescribed in 191 patients 
(96%), predominantly ACE inhibitors (72%) and diuret- 
ics (71%). Details are given in Table 2.  

3.2. Outcome  

The highest rate of complete remission was seen in MCN 
(50%) followed by MGN (22%) and MesGN (18%).  

 
Table 1. Glomerulonephritis subtypes, follow-up and first-line therapy recommendation. 

GN Type N Follow-up Therapy according to recommendation Therapy not begun

MCN 12 12 (100%) 7 P, 1 CsA, 2 S 2 

FSGS 42 42 (100%) 12 P, 3 CsA, 27 S*  

MesGN 82 78 (85%) 17 MP, 13 P, 1 CyP, 47 S 2 

MGN 19 18 (95%) 7 CsA, 6 CyP, 2 S 3 

MPGN 3 3 (100%) 1 MMF, 2 S  

NGN 20 20 (100%) 17 Px/MP/CyP, 1 MP, 1 P 1 

ICN 7 7 (100%) 1 P, 1 CyP, 3 MMF, 1 Aza, 1 S 0 

Other 15 15 (100%) 1 CyP, 3 P, 11 S  

Total 200 195 (98%)  13 

MCN = minimal change nephropathy; FSGS = focal and segmental glomerulosclerosis; MesGN = mesangioproliferative glomerulonephritis; MGN = 
membranous glomerulonephritis; MPGN = membranoproliferative glomerulonephritis; NGN = necrotising glomerulonephritis; ICN = secondary immune 
complex nephritis; P = prednisolone; CsA = cyclosporin A; S = symptomatic treatment; MP = methylprednisolone; CyP = cyclophosphamide; MMF = 
mycophenolate mofetil; Px = plasmapheresis; Aza = azathioprine, *Patients with secondary FSGS were treated symptomatically only. 
 

Table 2. Supportive therapy according to glomerulonephritis subtype. 

Diagnosis N Supp ACE-I ARB Diuretics CSE-I Insulin Coumarin Plt-I 

MCN 12 12 10 3 10 7 1 4 0 

FSGS 42 42 33 15 34 27 8 5 10 

MesGN 82 77 63 30 52 34 12 5 15 

MPGN 3 3 3 1 3 3 2 0 1 

MGN 19 19 17 9 17 14 2 4 4 

NGN 20 20 8 5 16 8 6 2 2 

ICN 7 7 3 2 4 3 3 3 1 

Others 15 11 7 3 6 4 4 1 3 

Total 200 191 144 68 142 100 38 24 36 

N = number of patients; Supp = supportive therapy; ACE-I ACE inhibitors; ARB = angiotensin receptor blockers; CSE-I cholesterin synthesis enzyme 
inhibitors; Plt-I = platelet inhibitors. 
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In all patients, complete remission was achieved in 
19.4%. Partial remission was found in one third of the 
patients with MCN, in 28% of patients with MGN and in 
17% of patients with FSGS. Complete and partial re- 
mission was seen in 33.2% of all patients. The worst 
prognosis with respect to progressive renal failure and 
dialysis was found for FSGS patients (31%). Patients 
with NGN and MesGN had progressive renal failure in 
20 and 18%, respectively. At the end of follow-up 17.3% 
of all patients had either dialysis dependent renal failure 
or doubling of serum creatinine. Twenty-five patients 
had died (12.8%) whereas MPGN and NGN had the 
worst prognosis. One third of the patients remained 
unchanged diseased despite specific and symptomatic 
treatment. Summary of all outcomes is displayed in Table 
3. 

3.3. Renal Function and Proteinuria 

Patients with secondary glomerulonephritis had a sig- 
nificantly lower MDRD-GFR (45 ± 26 ml/min/1.73 m2) 
compared with patient diagnosed to have primary glo- 
merulonephritis (59 ± 24 ml/min/1.73 m2, two-sample t- 
test: p < 0.001). In patients undergoing 24 hrs urine col- 
lection endogeneous creatinine clearance did not change 
over time in the primary glomerulonephritis (initial 
creatinine clearance 78 ± 42 ml/min, end of follow-up 84 ± 
48 ml/min, paired t-test: p = 0.14) nor in the secondary 
glomerulonephritis group of patients (45 ± 26 ml/min, 
54 ± 36 ml/min, p = 0.76). This was confirmed for the 
whole cohort by analysis of the changes in MDRD-GFR 
in primary glomerulonephritis (end of follow-up: 55 ± 
28 ml/min/1.73 m2) and secondary glomerulonephritis  

(43 ± 29 ml/min/1.73m2). 24 hrs proteinuria declined 
significantly in primary (5.0 ± 5.4 g/d to 2.1 ± 3.4 g/d, 
paired t-test: p < 0.001) and secondary glomerulonephri-
tis (4.8 ± 4.6 g/d to 2.7 ± 3.1 g/d, paired t-test: p = 
0.004). 

3.4. Blood Pressure Control 

In primary glomerulonephritis initial systolic, diastolic 
and mean arterial blood pressure were 134 ± 16, 82 ± 11, 
and 99 ± 12 mmHg at the time of biopsy and 134 ± 21, 
78 ± 12, and 97 ± 14 mmHg at the final visit, reaching 
significance only for the diastolic blood pressure (paired 
t-test: p = 0.004). In secondary glomerulonephritis, sys- 
tolic, diastolic and mean arterial blood pressures at the 
time of biopsy were 131 ± 17, 76 ± 12, 94 ± 14 mmHg. 
At the end of follow-up, no significant differences were 
observed (129 ± 19, 75 ± 10, and 93 ± 12 mmHg). 

3.5. Adverse Events 

Among the 324 therapeutic interventions which included 
symptomatic treatment recommendations, 70 (22%) ad- 
verse events were recorded and treatment had to be 
stopped in 25 cases. Newly diagnosed steroid-induced 
diabetes in 23 cases and haematological disorders (19 
cases) were most frequently reported. Musculoskeletal 
complaints and Cushing were diagnosed in 13 cases, 
each. 

3.6. Factors Influencing Outcome 

In Figure 1 we present the result of survival analysis for 
all 200 patients. The combined end-point of progressive 

 
Table 3. Outcome summery according to glomerulonephritis subtype. 

Outcome 
Diagnosis 

Disease Death RF CR PR 
Total 

N 2 0 0 6 4 12 
MCN 

% 16.7% 0% 0% 50% 33.3% 100.0% 
N 16 1 13 5 7 42 

FSGS 
% 38.1% 2.4% 31.0% 11.9% 31.7% 100.0% 

N 38 3 14 14 9 78 
MesGN 

% 48.7% 3.8% 17.9% 17.9% 11.5% 100.0% 
N 1 2 0 0 0 3 

MPGN 
% 33.3% 66.7% 0% 0% 0% 100.0% 
N 5 3 1 4 5 18 

MGN 
% 27.8% 16.7% 5.6% 22.2% 27.8% 100.0% 
N 4 10 4 2 0 20 

NGN 
% 20.0% 50.0% 20.0% 10.0% 0% 100.0% 
N 3 2 0 1 1 7 

ICN 
% 42.9% 28.6% 0% 14.3% 14.3% 100.0% 

N 3 4 2 5 1 15 
Others 

% 18.8% 25.0% 12.5% 33.3% 6.3% 100.0% 

N 72 25 34 38 27 195 
Total 

% 36.9% 12.8% 17.4% 19.0% 13.9% 100.0% 

R F = progressive renal failure; CR = complete remission; PR = partial remission; for other abbreviations see Table 1. 
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renal failure or death was seen in 59 patients until the end 
of follow-up (Figure 1 (a)). In an univariate Cox regres- 
sion analysis the following parameters were tested: Gen- 
der, age, presence or absence of tubulointerstital fibrosis, 
primary or secondary glomerulonephritis, initial blood 
pressure, initial renal function, proteinuria at the time of 
biopsy, comorbidities, supportive therapy, specific im- 
munomodulatory therapy, and patient adherence to 24 
hrs urine analysis. The comparison between the curves of 
patients with secondary glomerulonephritis and patients 
diagnosed to have primary glomerulonephritis by using 
the logrank test results in p < 0.001 (hazard ratio (sec- 
onddary vs. primary) 2.52, 95% CI: 1.51 to 4.21) (Fig- 
ure 1 (b)). 

The risk for progressive renal failure or death was 
highest in patients with an initial serum creatinine >175 
µmol/l. For the Kaplan-Meier curves of patients whose 
biopsy report indicated substantial tubulo-interstitial fi- 
brosis of more than 30% versus patients with tu-bulo- 
interstitial fibrosis of at most 30% we received p < 0.001 
(hazard ratio (more than 30% vs. at most 30%) 4.71, 95% 
CI: 2.03 to 11.0) (Figure 1(c)). 

Further risk factors were the association with higher 
age, coronary heart disease or peripheral artery occlusive 
disease, the development of diabetes mellitus and arterial 
hypertension. Patients with poor controlled hypertension 
and systolic blood pressure > 160 mmHg had a signifi- 
cantly higher rate of progression compared to patients 
with controlled hypertension. Among the tested specific 
therapy recommendations, prednisolone and cyclosporin 
A treatment had an advantage over symptomatic and cyclo- 
phosphamide treatment (Figure 1(d)). The complete uni- 
variate analysis is given in Table 4. 

Independent variables whose hazard ratio test had an 
error probability of less than 0.2 (see Table 4) were fur- 
ther investigated in a Cox multivariate model with for- 
ward regression analysis. After three regression steps no 
further variables with a p-value < 0.05 by likelihood ratio 
testing was found (see Table 5).  

The strongest impact on the prognosis of patients with 
glomerulonephritis was found for the presence of more 
than 30% of tubulointerstitial fibrosis in renal cortex as 
classified by the histopathologist (p = 0.001). Tubu- 
lointersitital fibrosis had a hazard ratio of 4.37 (95% 
confidence interval 1.79 - 10.6) for the combined end- 
point of progressive renal disease or death. Monitoring 
the patients renal function with 24 hrs urine sampling de- 
creased the hazard ratio to 0.298 (95% CI: 0.139 - 0.64, p = 
0.002; Figure 1(e)) 

Kaplan-Meier curves of the combined endpoint death, 
renal failure or progress to renal failure were compared 
for the group of patients considered compliant with 24 hr 
urine sampling and the group of patients not being fol 
lowed up by this method. Mean time to reach the com- 
bined endpoint was 5.5 years in the 24 hr urine group and 

3.8 years in others. The difference was 1.7 years. Finally, 
prednisolone or cyclosporin A therapy had a lower haz- 
ard ratio in comparision to symptomatic or cyclophos- 
phamide treatment. Overall treatment effect was signifi- 
cant (p = 0.008). 

4. Discussion 

Nowadays, randomised controlled trials are the gold- 
standard to evaluate a treatment for a specific disease in a 
well-defined population of patients [28]. However, this 
approach reaches its limits in so call “orphan” diseases 
where it is unlikely to design and perform clinical trials 
with sufficient numbers of patients. Published trials in 
this area are usually of poor quality, seldom reach sig- 
nificance and do not find the support by the pharmaceu- 
tical industry due to the time and money consuming 
process of performing such a trial. Nevertheless, patients 
demand treatment and health care officials recognise its 
importance because of the immense financial burden. In 
recent years, meta-analysis and Cochrane systematic re- 
views collecting all available information about the 
treatment of glomerulonephritis attempted to overcome 
these problems. However, their results can only be as 
good as the underlying data which—as stated above—is 
generally poor. Treatment recommendations derived from 
such systematic reviews need to be evaluated in daily 
practice. In this context, glomerulonephritis can be a 
good example to investigate the role of such gained evi- 
dence-based treatment recommendations and its impact 
on a regional health care policy for various reasons: 
Firstly, glomerulonephritis is regarded as an orphan dis- 
ease. Secondly, treatment recommendations on the basis 
of Cochrane systematic reviews have been published at 
the beginning of the millennium. Thirdly, glomerulonephri- 
tis is a chronically debilitating disease resulting in an 
extreme cost load for the patient and the health care sys- 
tem all over the world while at the same time physic- 
cians and medical industry earn billions of Euros year by 
year in keeping those patients with end-stage renal dis- 
ease at life. The latter may be responsible for the low in- 
vestment made into clinical research for the prevention 
of end-stage disease.  

In this paper the impact of the implementation of 
treatment recommendations based on Cochrane system- 
atic reviews for a variety of glomerulonephritis subtypes 
in a well-defined population of Northern Germany was 
investigated. Three independent factors influencing the 
outcome of patients among a multitude of different vari- 
ables were identified in a Cox mulitvariate model: Tubu- 
lointerstitial fibrosis, the application of prednisolone or 
cyclosporin A, and close follow-up by the responsible 
physician using 24 hrs urine collection technique. Tubu- 
lointerstial fibrosis and immunosuppression are well  
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(a) 

 
(b)                                                (c) 

       
(d)                                                       (e) 

Figures 1. (a) Cumulative survival of all patients without progressive renal failure; (b) Cumulative survival of patients 
without progressive renal failure subclassified into primary (upper line) or secondary glomerulonephritis (lower line); (c) 
Cumulative survival of patients without progressive renal failure subclassified into patients with (lower line) or without 
(upper line) substantial tubulo-interstital fibrosis of more than 30%; (d) Cumulative survival of patients without pro- 
gressive renal failure subclassified according to treatment (CsA = cyclosporin A, Pred = prednisolone only, Sympt. = 
symptomatic treatment only, CyP = cyclophosphamide based treatment regimen); (e) Cumulative survival of patients 
without progressive renal failure according to follow-up with or without 24 hrs urine sampling. 
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Table 4. Cox univariate model. 

Variable p-value Non adjusted Hazard-Ratio (HR) 95%-confidence-interval for HR

Gender: 
male vs. female* 

 
0.833 

 
0.944 

 
0.553 - 1.612 

Histopathology: 
MesGN vs. MCN + FSGS* 
MPGN vs. MCN + FSGS* 
MGN vs. MCN + FSGS* 
NGN vs. MCN + FSGS* 
ICN vs. MCN + FSGS* 

Others vs. MCN + FSGS* 

<0.001 
0.270 
0.058 
0.504 

<0.001 
0.892 
0.988 

 
0.669 
4.242 
0.674 
3.912 
1.108 
0.993 

 
0.327 - 1.368 

0.952 - 18.904 
0.212 - 2.143 
1.856 - 8.243 
0.251 - 4.884 
0.378 - 2.605 

Tubulointerstitial fibrosis: > 30% vs. < 30%* <0.001 4.712 2.026 - 10.958 

Primary/secondary GN: sec. GN vs. prim. GN* <0.001 2.521 1.509 - 4.213 

Hypertension: Arterial hypertension vs. normotension* 0.018 3.416 1.233 - 9.461 

Diabetes mellitus: Diabetes vs. no diabetes* 0.006 2.100 1.238 - 3.564 

Peripheral arterial occlusive disease: PAOD vs. no PAOD* 0.001 4.088 1.830 - 9.133 

Coronary heart disease: CHD vs. no CHD* <0.001 3.058 1.725 - 5.420 

ACE inhibitors: ACE-I vs. no ACE-I* 0.129 0.658 0.384 - 1.129 

ARB: ARB vs. no ARB* 0.259 0.718 0.404 - 1.277 

Diuretics: Diuretics vs. no diuretics* 0.003 3.267 1.481 - 7.207 

CSE-I: CSE-I vs. no CSE-I* 0.575 0.869 0.518 - 1.441 

Insulin: Insulin vs. no insulin* 0.001 2.537 1.461 - 4.405 

Coumarine:    

Coumarine vs. no coumarine* 0.327 0.652 0.277 - 1.534 

Platelet aggregation inhibitors    

Plt-I vs. no Plt-I* 0.120 1.599 0.885 – 2.886 

24 hrs urine collection    

24 hrs urine vs. no 24 hrs urine* 0.002 0.432 0.256 - 0.728 

Initial creatinine <0.001   

110 - 175 µmol/l vs. <110 µmol/l* 0.165 1.945 0.760 - 4.980 

>175 µmol/l vs. <110 µmol/l* <0.001 12.466 5.661 - 27.450 

Initial proteinuria 0.258   

1 - 3.5 g/24hrs vs. <1 g/24hrs* 0.76 1.99 0.930 - 4.255 

>3.5 - 5 g/24hrs vs. <1 g/24hrs* 0.675 1.26 0.427 - 3.717 

>5 g/24hrs vs. <1 g/24hrs* 0.138 1.767 0.832 - 3.750 

Initial systolic blood pressure 0.003   

120 - 140 mmHg vs. <120 mmHg* 0.182 0.631 0.321 - 1.240 

140 - 160 mmHg vs. <120 mmHg* 0.953 0.978 0.460 - 2.076 

>160 mmHg vs. <120 mmHg* 0.023 2.722 1.146 - 6.467 

Initial diastolic blood pressure 0.098   

85 - 95 mmHg vs. <85 mmHg* 0.311 0.673 0.313 - 1.448 

>95 mmHg vs. 85 mmHg
* 0.98 1.850 0.893 - 3.833 

Initial mean arterial pressure >100 mmHg vs. <100 mmHg* 0.7 1.115 
 

0.640 - 1.941 
Age 

30 - 60 y vs. <30 y*  
>60 y vs. >30 y 

<0.001 
0.242 
0.042 

 
0.590 
2.364 

 
0.244 - 1.428 
1.032 - 5.416 

Therapy 0.004   

Prednisolone vs. symptomatic treatment* 0.013 0.376 0.173 - 0.817 

Cyclosporin A vs. symptomatic treatment* 0.030 0.206 0.049 - 0.862 

Cyclophosphamide vs. symptomatic treatment* 0.645 1.157 0.623 - 2.147 

HR = hazard ratio; MCN = minimal change nephropathy; FSGS = focal and segmental glomerulonephritis; MesGN = mesangioproliferative glomerulonephritis; 
MPGN = membranoproliferative glomerulonephritis; MGN = membranous glomerulonephritis; NGN = necrotising glomerulonephritis; ICN = secondary im- 
mune complex nephritis; PAOD = peripheral artery occlusive disease; CHD = coronary heart disease; ACE-I = angiotensin receptor inhibitor; ARB = angio- 

nsin receptor blocker; CSE-I = cholesterin synthesis enzyme inhibitor; Plt-I = platelet aggregation inhibitor; y = years; asterix denotes reference category. te 
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Table 5. Cox multivariate model with forward regression analysis. 

 p-value Adjusted Hazard-Ratio (HR) 95%-confidence interval for HR 

Step 1 24 hrs urine sampling    

 24 hrs urine vs. no 24 hrs urine* 0.002 0.298 0.139 - 0.640 

Step 2 Tubulointerstitial fibrosis    

 >30% vs. <30%* 0.003 3.73 1.57 - 8.84 

 24 hrs urine sampling    

 24 hrs urine vs. no 24 hrs urine* 0.002 0.293 0.135 - 0.635 

Step 3 Tubulointerstitial fibrosis    

 >30% vs. <30%* 0.001 4.37 1.79 - 10.6 

 24 hrs urine sampling    

 24 hrs urine vs. no 24 hrs urine* 0.005 0.283 0.116 - 0.687 

 Therapy 0.008   

 Prednisolone vs. sympt.* 0.037 0.320 0.110 - 0.934 

 CyA. vs. sympt.* 0.099 0.182 0.024 - 1.38 

 CyP vs. sympt.* 0.121 2.48 0.786 - 7.84 

HR = hazard ratio; sympt. = symptomatic therapy; CyA = cyclosporin A therapy; CyP = cyclophosphamide based therapy; asterix denotes reference 
category. 
 
known to direct patients into end-stage renal failure 
[29,30] or induce remission [16,31-34]. The application 
of cyclophosphamide was not associated with a better 
survival. This may be due to the negative selection of pa- 
tients. As shown in the univariate model, secondary glo- 
merulonephritis has a poor outcome. Many of these pa- 
tients suffered from necrotising glomerulonephritis with 
severe renal involvement and half of them died or ended 
on dialysis which is comparable to other recent reports 
[35]. It was surprising that a simple measure such as 24 
hrs urine collection also had a strong impact on the out- 
come. Previously, it was suggested to replace the 24 hrs 
urine collection by a spot urine test for proteinuria/urine 
creatinine ratio [36]. We admit that 24 hrs urine collec- 
tion may be a process affected by some errors (sampling 
error, calculation error). Nevertheless, we assume that 
the process of explaining the collection method and its 
reason to the patient may contribute to an intensified 
physician-patient contact and might increase patient and 
probably physician adherence to recommended therapy 
strategies by the referral centre. Beside these three main 
factors, other variables have been shown to improve or 
worsen outcome. As almost all patients received anti- 
hypertensive medication with ACE inhibitors or angio- 
tensin receptor blockers by the end of follow-up, the 
control of systolic blood pressure is an important de- 
terminant for renal progressive disease. On the other 
hand, the use of diuretics as a poor prognostic factor can 
be interpreted as a necessary treatment modality for se- 
vere nephrotic syndrome which cannot be avoided. 

In summary, this paper shows that the application of 
knowledge derived from Cochrane systematic reviews 
can be successfully implemented in a region of mainly  

independently working nephrologists. Treatment recom- 
mendations—although widely but not completely fol- 
lowed—showed efficacy in prevention of progression of 
renal disease. In order to improve patient outcome pa- 
tients require early renal biopsy, evidence-based treat- 
ment recommendation, close renal care including moni- 
toring of their disease status, and strict symptomatic 
treatment with renin angiotensin blockade aiming at 
recommended blood pressure targets. If one regards 24 
hrs urine collections as an indirect measure of adherence 
to the recommendations given by the referral centre a 
prolongation of the time to dialysis can be estimated to 
approximately 1.7 years. The costs of one year of haemo- 
dialysis in Germany are currently 26,200 EUR. Conse- 
quently, adherence to treatment recommendations could 
possibly save 45,000 EUR per treated patient. 
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