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Abstract Keywords
Introduction: Alport syndrome is an inherited renal disease End-stage kidney disease, Alport syndrome, Chronic kidney
characterized by haematuria, renal failure and hearing loss. disease, Hereditary nephritis, Dialysis, Disease progression

Factors that determine progression to ESKD are not well
described and it is uncertain whether time to ESKD and

mortality have improved over time. Introduction
Methods: In this Irish national retrospective case series we Alport syndrome is an inherited renal disease, first
describe the clinical features and outcomes of all patients described in 1927 [1], which is characterized by hae-

vl AIport syndrome fiiagnosed over the pastl40 years. maturia, renal failure, hearing loss, lenticonus, retinal
Our aim was to examine the factors that predict time to

ESKD and patient mortality and to assess how these fac- flecks [2], a IarrTeIIatf-:'d glomerular basement membrane
tors may have varied over time. Patients were divided into [3] and mutations in the COL4A5 or COL4A3/COL4A4

an older (1974-1994) and a more modern era (1995-2015) genes [4] leading to abnormal Type IV collagen compo-

according to their date of diagnosis. sition [5]. The prevalence of the disease is estimated at
Results: 133 patients were diagnosed with Alport syn- 1 in 50,000 live births [6]. Eighty-five percent of fami-
drome between 1974 and 2015. 59% of patients reached lies have X-linked inheritance with mutations in COL4A5

ESKD during the period of study. 10-year ESKD-free rate

was 53.7% (95% C.I. 31.6-71.5%) for the earlier era, com. /1~ Most of the others have autosomal recessive inher-
pared to 60.8% (95% C.I. 41.5-75.5%) for the later era. Fe-  itance, with homozygous or compound heterozygous
male sex was predictive of reduced ESKD risk as was lower mutations in both gene copies of COL4A3 or COL4A4
serum creatinine at diagnosis. 10-year patient survival was [8]. Autosomal dominant inheritance is rare and results

92.3% (95% C.l. 72.5-98.0%) in the first era compared to from heterozygous COL4A3 or COL4A4 variants [9)].
97.1% (95% C.I. 80.9-99.6%) in the second. There was no

effect of era on patient outcome. Males with X-linked disease express a more severe
Conclusions: There is no difference in time to ESKD and in phenotype than females [10]. Autosomal recessive in-
overall patient survival for Alport patients between the older heritance is suspected when disease occurs sporadi-
and modern era, though patient survival is still significantly cally in just one generation or within a consanguineous

better than that of patients with non-Alport renal disease. family. Males and females within the family are affect-
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Table 1: Comparison of patient characteristics according to the era of diagnosis.

Variable Era 1974-1994 Era 1995-2014 P value
(N = 45) (N =62)

Mean Age at diagnosis (SD) 24.3 (15.3) 29.8 (16.6) 0.124
% Male/female 51/49 60/40 0.378
% with Interstitial Fibrosis 0 31 < 0.001
% with proliferative disease 31 6 0.001
% with family history 80 75 0.741
% with hearing defect 24 38 0.349
% with lens defect 0 6 0.447
Median creatinine at diagnosis (IQR) 80 (60-88) 95 (67-219) 0.182
Mean age at ESKD (SD) 28 (9.8) 33 (13.1) 0.21

ed with the same frequency and severity. The father of diagnosis/renal biopsy, in order to assess for a signifi-
may also be affected by haematuria and females more  cant difference in patient outcomes over time.
frequently suffer from renal failure, hearing loss and oc-

» Descriptive features were presented using frequen-
ular abnormalities.

cies and percentages for categorical variables and either

Proteinuria, hearing loss, lenticonus, retinopathy mean and standard deviation or median and interquar-
and reduced levels of Type IV a5 chain GBM collagen tile range for continuous variables. Fisher Exact, T test
all correlate with an increased risk of early onset renal  or Wilcoxon Rank sum tests were used to compare the
failure in males, but the risks have not been studied eras according to data distribution. The main outcomes
prospectively [11]. Almost all females with X-linked Al-  that were assessed were patient survival and time to
port syndrome have haematuria (95%) and many others  end-stage kidney disease from time of diagnosis.

develop further clinical features including proteinuria Survivor functions were derived using the Kaplan-Meier

(75%) [12], progression to end-stage kidney failure (8- ethod for the time to event graphs. Cox Proportional
30%), hearing loss (40%) and peripheral retinopathy  H3,ards models were performed to assess the effect of

(40%) [13]. X-chromosome inactivation (lyonization) is  era on outcome in the presence of potential confounding
protective for females in preventing damage to the col-  \5rigples. Statistical analysis was performed using Stata
lagen network and leading to less penetrance of clinical  gg version 13 software (College Station, Texas). The
features. probability of a type 1 error of less than 5% was used to

Patients with Alport syndrome who progress to end- determine significance.
stage kidney disease usually do so at a young age, with Results
men typically commencing renal replacement therapy a
decade before their female counterparts [14]. Mallett, One hundred and thirty-three patients were diag-
et al. [15] recently noted that factors predicting time to ~ Nosed with Alport syndrome in Beaumont Hospital be-
ESKD and outcomes of same have not been well-studied ~ tween 1974 and 2015. The primary method of diagno-
to date. They found that Alport syndrome is overall an  Sis Was by renal biopsy. 107/133 (80%) patients in total
uncommon cause of ESKD and that it is associated with ~uUnderwent native renal biopsies. 45/107 (42%) patients
younger age at commencement of renal replacement Were biopsied in the older era, compared to 62/107
therapy, male gender, earlier referral and a higher like-  (58%) patients in the modern era.

lihood of receiving a renal transplant. Mean age at renal biopsy/diagnosis was 24 years
Methods for the older era, compared to 30 years in the later era.
51% of patients were male in the older era, compared

In this large national retrospective case series, based {5 g0% of patients in the later era (Table 1). Other no-

in Beaumont Hospital Dublin, we describe the clinical  {;pje features in the table were that no patients were
features and outcomes of all patients with biopsy-prov-  ,5teq to have a lens defect in the earlier era, whereas

en or clinically suspected Alport syndrome diagnosed 6/62 patients were noted to have a lens defect in the
and managed there over the past 40 years. A systematic later era. Despite not reaching significance, median cre-

sea/\rclh c_’f Tlst?jpathQIogy rfecords_ and of the EMedRe- ;6 in the most recent era was 95 umol/L compared
nal Clinical and Patient Information Software System, 80 umol/L in the older era.

which is used nationally to integrate renal patient data

for clinical and statistical purposes. Our aim was to ex- 59% of patients reached ESKD during the period of
amine the factors that help predict time to ESKD and  study. The mean age at ESKD was 29 years for the older
patient mortality and to assess how these factors may era versus 33 years for the later era (p = 0.21). Ten-year
have varied over time. For the purpose of comparison, ~ESKD-free rate was 53.7% (95% C.I. 31.6-71.5%) for the
patients were divided into an older (1974-1994) and a  earlier era, compared to 60.8% (95% C.I. 41.5-75.5%) for
more modern era (1995-2015) according to their date  the later era (Figure 1).
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Figure 1: Kaplan-Meier curve of ESKD-free survival according to era of diagnosis.

Table 2: Multifactorial model of factors affecting time to ESKD for patients with Alport syndrome.

Variable Hazard ratio [95% Conf. Interval] P value
Era of diagnosis 0.97 [0.44-2.14] 0.93
Age at diagnosis 1.01 [0.99-1.04] 0.26
Female sex 0.25[0.09-0.72] 0.01
Proliferative glomerulonepbhritis 0.38 [0.91-1.63] 0.19
Interstitial fibrosis 0.66 [0.19-2.21] 0.5
No family history 4.9[0.64-37.3] 0.13
Serum creatinine at diagnosis 4.95[1.77-13.8] <0.01
00— ____
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Figure 2: Kaplan Meier curve of patient survival according to era of diagnosis.

In multifactorial analysis, female sex was predictive  (95% C.I. 80.9-99.6%) in the second (Figure 2). There
of reduced ESKD risk as was lower serum creatinine at was no effect of era on patient outcome and the only

diagnosis (Table 2). Ten-year patient survival was 92.3%  variable approaching significance was age at diagnosis
(95% C.I. 72.5-98.0%) in the first era compared to 97.1% (Table 3).
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Table 3: Multivariable model of factors affecting Alport patient ~ comparable between RRT-treated Alport syndrome
survival. ESKD and matched non-Alport controls during the more

Hazard ratio [95% Conf. , . recent period 1996-2010 due to relatively greater im-

Variable Interval

Era of di . 1 2: (?2]8 538 0.78 provements in outcomes for non-Alport ESKD patients
Araeoat (;;gr:fs'iss 1'04 {0'99_1 '101 0108 over time. This contrasts with our findings of similar pa-
Fgmale sei 0'40 [0.08-1-91] 0'25 tient survival in both eras, however this was not com-
No family history ~1.90 [0.58-6.20] 0.29 pared with non-Alport controls.

Our study of the clinical features and outcomes of
Discussion Alport syndrome is one of the largest of its kind, fol-
lowing a national cohort of patients over a substantial
40-year time period. It was however limited by being
retrospective in nature, requiring the participation of
many nephrologists throughout Ireland to collect infor-
mation that had not been recorded centrally in a con-
temporaneous manner. This may have led to recall bias,
as well as selection bias due to loss of some patients
to follow-up over time. Missing data were prevalent;
in some cases we were able to impute these using last
value brought forward, however for some variables this
was not appropriate so columns were left blank. There
was also a paucity of information available regarding
treatment, including renin-angiotensin (RAAS) system
blockade so we unfortunately were unable to analyse
the effect this may have had on the results.

Though nearly a hundred years have passed since
Alport syndrome was first described, it is only now that
the heterogeneity of its disease spectrum is being fully
understood. As outlined above, several genes responsi-
ble for collagen formation have been identified as caus-
ative; the type and number of mutations defines the
severity of disease and its effect on men and women.
Within our Irish national case series spanning 40 years
of follow-up, genotyping was not widely performed;
however we can see that many women were signifi-
cantly affected including a number of patients who had
not been known to have a family history of hereditary
nephritis prior to diagnosis-hence a substantial number
of patients demonstrated autosomal recessive features
of this disease. Interestingly, relatively few women
demonstrated hearing loss as part of their disease man-  Conclusions

ifestations compared to men (13% women versus 50%). _ ) _ _
Alport syndrome is a rare inherited renal disease.

59% patients progressed to end-stage kidney dis- |n this large national cohort study spanning 40 years
ease, however the majority of these were subsequently e have described the clinical features, renal-specif-
successfully transplanted with long transplant survival  jc and overall patient outcomes for a large number of
times. This indicates that early diagnosis and manage-  patients with Alport syndrome. A spectrum of disease
ment can lead to favourable outcomes for this patient activity is evident and a significant number of patients
cohort. Temme, et al. [10] however found that patient  with likely autosomal recessive pattern of inheritance
survival in the Alport cohort in the ERA-EDTA registry  were included in the cohort. A large number of patients
was better than that of age-matched controls in their progressed to ESKD but the majority were transplanted
prospective study of dialysis patients from 14 national  with good long-term outcomes [16]. There was no dif-
European registries between 1990-2009. The authors  ference in time to ESKD and in overall patient survival
hypothesized that this was due to the absence of other  for Alport patients between the older and modern era.
vital organ involvement in Alport syndrome, as well as  |ndeed, overall patient survival with Alport syndrome is
the lack of recurrence post-transplantation compared  syperior to that of patients with other forms of renal
to other systemic inflammatory causes of end-stage kid-  disease, though this is clearly influenced by the young
ney disease. There were several methodological differ- age at disease presentation and diagnosis. This lends
ences between this study and our patient cohort, such  credence to the premise that early disease diagnosis
as the exclusion of female cases from the final analysis.  and careful management can lead to favourable long-
The much larger pan-European case numbers allowed  term outcomes for this patient group. In terms of future
the authors to perform much closer case-control match-  directions, we plan to genotype our national cohort to
ing, which may have allowed for a survival advantage  examine patterns of Alport disease inheritance in Ire-
for Alport patients to be shown more clearly, even when  |and and to further assess the utility of genetic diagnosis
adjusted for age. for this disease. We would also like to examine the ef-

Mallett, et al. [15] performed a similar large cohort fect of therapeutic agents such as RAAS blockade on dis-
study of all ESKD patients with Alport syndrome in Aus-  €ase progression and we look forward to the potential
tralia and New Zealand, divided into an older (1965- introduction of other specific disease-modifying agents
1995) and more modern (1996-2010) era. Interestingly, to ameliorate the progression of Alport syndrome in the
they found that Alport syndrome was associated with ~ future.
superior dialysis patient survival to matched controls Acknowledgements
with other causes of ESKD during the period 1965-95.

However, dialysis and renal transplant outcomes were No funding was received for this research. The au-

Kelly et al. J Clin Nephrol Ren Care 2018, 4:036 e Page 4 of 5 »


https://doi.org/10.23937/2572-3286.1510036

DOI: 10.23937/2572-3286.1510036

ISSN: 2572-3286

thors have no financial disclosures or other conflicts of
interest to declare.

Contributions
Research idea and study design-YK, AP, LW, PO’K, PC
Data acquisition-YK, AP, LW, SM, SK, MK, LC
Data analysis/interpretation-YK, BD, AD, PO’K, PC
Statistical analysis-YK, PO’K, PC
Supervision/mentorship-PC.

Declaration of Interest

| declare that the results presented in this paper have
not been published previously in whole or part, except
in abstract format.

None of the authors of this paper have any conflicts
of interest to declare.

References

1. Alport AC (1927) Hereditary familial congenital haemor-
rhagic nephritis. Br Med J 1: 504-506.

2. Savige J, Ratnaike S, Colville D (2011) Retinal abnormal-
ities characteristic of inherited renal disease. J Am Soc
Nephrol 22: 1403-1415.

3. Gubler M, Levy M, Broyer M, Naizot C, Gonzales G, et al.
(1981) Alport’s syndrome. A report of 58 cases and a re-
view of the literature. Am J Med 70: 493-505.

4. Barker DF, Hostikka SL, Zhou J, Chow LT, Oliphant AR,
et al. (1990) Identification of mutations in the COL4A5 col-
lagen gene in Alport syndrome. Science 248: 1224-1227.

5. Yoshioka K, Hino S, Takemura T, Maki S, Wieslander J,
et al. (1994) Type IV collagen alpha 5 chain. Normal dis-
tribution and abnormalities in X-linked Alport syndrome re-
vealed by monoclonal antibody. Am J Pathol 144: 986-996.

6. Feingold J, Bois E, Chompret A, Broyer M, Gubler MC, et
al. (1985) Genetic heterogeneity of Alport syndrome. Kid-
ney Int 27: 672-677.

10.

11.

12.

13.

14.

15.

16.

Mochizuki T, Lemmink HH, Mariyama M, Antignac C, Gu-
bler MC, et al. (1994) Identification of mutations in the alpha
3(IV) and alpha 4(IV) collagen genes in autosomal reces-
sive Alport syndrome. Nat Genet 8: 77-81.

van der Loop FT, Heidet L, Timmer ED, van den Bosch BJ,
Leinonen A, et al. (2000) Autosomal dominant Alport syn-
drome caused by a COL4A3 splice site mutation. Kidney Int
58: 1870-1875.

Savige J, Rana K, Tonna S, Buzza M, Dagher H, et al.
(2003) Thin basement membrane nephropathy. Kidney Int
64: 1169-1178.

Temme J, Kramer A, Jager KJ, Lange K, Peters F, et al.
(2012) Outcomes of male patients with Alport syndrome un-
dergoing renal replacement therapy. Clin J Am Soc Nephrol
7:1969-1976.

Kashtan CE (2007) Alport syndrome and the X chromo-
some: Implications of a diagnosis of Alport syndrome in fe-
males. Nephrol Dial Transplant 22: 1499-1505.

Jais JP, Knebelmann B, Giatras |, De Marchi M, Rizzoni
G, et al. (2003) X-linked Alport syndrome: Natural history
and genotype-phenotype correlations in girls and women
belonging to 195 families: A “European Community Alport
Syndrome Concerted Action” study. J Am Soc Nephrol 14:
2603-2610.

Dagher H, Buzza M, Colville D, Jones C, Powell H, et al.
(2001) A comparison of the clinical, histopathologic and
ultrastructural phenotypes in carriers of X-linked and au-
tosomal recessive Alport’s syndrome. Am J Kidney Dis 38:
1217-1228.

Gretz N, Broyer M, Brunner FP, Brynger H, Donckerwolcke
RA, et al. (1987) Alport’s syndrome as a cause of renal fail-
ure in Europe. Pediatr Nephrol 1: 411-415.

Mallett A, Tang W, Clayton PA, Stevenson S, McDonald
SP, et al. (2014) End-stage kidney disease due to Alport
syndrome: Outcomes in 296 consecutive Australia and
New Zealand Dialysis and Transplant Registry cases.
Nephrol Dial Transplant 29: 2277-2286.

Kelly YP, Patil A, Wallis L, Murray S, Kant S, et al. (2017)
Outcomes of kidney transplantation in Alport syndrome
compared with other forms of renal disease. Ren Fail 39:
290-293.

W

N
CLINMED

INTERNATIONAL LIBRARY

Jy

Kelly et al. J Clin Nephrol Ren Care 2018, 4:036 e Page 50f5 e


https://doi.org/10.23937/2572-3286.1510036
https://www.ncbi.nlm.nih.gov/pubmed/7987396
https://www.ncbi.nlm.nih.gov/pubmed/7987396
https://www.ncbi.nlm.nih.gov/pubmed/7987396
https://www.ncbi.nlm.nih.gov/pubmed/7987396
https://www.ncbi.nlm.nih.gov/pubmed/11044206
https://www.ncbi.nlm.nih.gov/pubmed/11044206
https://www.ncbi.nlm.nih.gov/pubmed/11044206
https://www.ncbi.nlm.nih.gov/pubmed/11044206
https://www.ncbi.nlm.nih.gov/pubmed/12969134
https://www.ncbi.nlm.nih.gov/pubmed/12969134
https://www.ncbi.nlm.nih.gov/pubmed/12969134
https://www.ncbi.nlm.nih.gov/pubmed/22997344
https://www.ncbi.nlm.nih.gov/pubmed/22997344
https://www.ncbi.nlm.nih.gov/pubmed/22997344
https://www.ncbi.nlm.nih.gov/pubmed/22997344
https://www.ncbi.nlm.nih.gov/pubmed/17400558
https://www.ncbi.nlm.nih.gov/pubmed/17400558
https://www.ncbi.nlm.nih.gov/pubmed/17400558
https://www.ncbi.nlm.nih.gov/pubmed/14514738
https://www.ncbi.nlm.nih.gov/pubmed/14514738
https://www.ncbi.nlm.nih.gov/pubmed/14514738
https://www.ncbi.nlm.nih.gov/pubmed/14514738
https://www.ncbi.nlm.nih.gov/pubmed/14514738
https://www.ncbi.nlm.nih.gov/pubmed/14514738
https://www.ncbi.nlm.nih.gov/pubmed/11728953
https://www.ncbi.nlm.nih.gov/pubmed/11728953
https://www.ncbi.nlm.nih.gov/pubmed/11728953
https://www.ncbi.nlm.nih.gov/pubmed/11728953
https://www.ncbi.nlm.nih.gov/pubmed/11728953
https://www.ncbi.nlm.nih.gov/pubmed/3153309
https://www.ncbi.nlm.nih.gov/pubmed/3153309
https://www.ncbi.nlm.nih.gov/pubmed/3153309
https://www.ncbi.nlm.nih.gov/pubmed/25061124
https://www.ncbi.nlm.nih.gov/pubmed/25061124
https://www.ncbi.nlm.nih.gov/pubmed/25061124
https://www.ncbi.nlm.nih.gov/pubmed/25061124
https://www.ncbi.nlm.nih.gov/pubmed/25061124
https://www.ncbi.nlm.nih.gov/pubmed/27917694
https://www.ncbi.nlm.nih.gov/pubmed/27917694
https://www.ncbi.nlm.nih.gov/pubmed/27917694
https://www.ncbi.nlm.nih.gov/pubmed/27917694
https://www.ncbi.nlm.nih.gov/pubmed/20773074
https://www.ncbi.nlm.nih.gov/pubmed/20773074
https://www.ncbi.nlm.nih.gov/pubmed/21372206
https://www.ncbi.nlm.nih.gov/pubmed/21372206
https://www.ncbi.nlm.nih.gov/pubmed/21372206
https://www.ncbi.nlm.nih.gov/pubmed/7211891
https://www.ncbi.nlm.nih.gov/pubmed/7211891
https://www.ncbi.nlm.nih.gov/pubmed/7211891
https://www.ncbi.nlm.nih.gov/pubmed/2349482
https://www.ncbi.nlm.nih.gov/pubmed/2349482
https://www.ncbi.nlm.nih.gov/pubmed/2349482
https://www.ncbi.nlm.nih.gov/pubmed/8178947
https://www.ncbi.nlm.nih.gov/pubmed/8178947
https://www.ncbi.nlm.nih.gov/pubmed/8178947
https://www.ncbi.nlm.nih.gov/pubmed/8178947
https://www.ncbi.nlm.nih.gov/pubmed/4010153
https://www.ncbi.nlm.nih.gov/pubmed/4010153
https://www.ncbi.nlm.nih.gov/pubmed/4010153

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	Contributions
	Declaration of Interest 
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2
	References

