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Abstract
Purpose To assess pregnancy outcome in women with Alport syndrome and the impact of pregnancy on the disease 
progression.
Methods We describe one of the largest series of pregnancies in Alport syndrome. Seven pregnancies of six women were 
monitored by a multidisciplinary team of nephrologists and gynecologists. After delivery, patients were followed for at least 
3 years. We compare our results with those in the literature.
Results Pregnancy course was uneventful in the patient with isolated microscopic hematuria. In the other cases, all present-
ing mild proteinuria at conception, some complications occurred. Proteinuria worsened during the last trimester, reaching 
nephrotic ranges in five out of six pregnancies and was associated with fluid overload leading to hospitalizations and early 
delivery. The majority of the newborns had a low birth weight. The two patients with arterial hypertension at conception and 
twin pregnancy developed pre-eclampsia and renal function deterioration persisted after delivery. The one with pre-pregnancy 
renal dysfunction reached end-stage renal disease. In the other patients, in which renal function and blood pressure were and 
remained normal, proteinuria improved after delivery and no signs of disease progression were recorded at last observation.
Conclusions Our observations suggest that Alport syndrome should be considered a potential risk factor for pregnancy 
in proteinuric patients due to the development of pre-eclampsia, renal function deterioration, and/or full-blown nephrotic 
syndrome that results in anasarca, slowing of fetal growth and pre-term delivery. Thus, all women with Alport syndrome 
should receive pre-conceptional counseling and be kept in close follow-up during pregnancy.

Keywords Alport syndrome · Pregnancy · Fetal and maternal outcome · Kidney disease progression · Proteinuria

Introduction

Alport syndrome is a rare genetic disorder characterized 
by an abnormality in the genes encoding the α3, α4, or α5 
chains of collagen IV (COL4A3, COL4A4, and COL4A5) 
[1]. These defects lead to an inadequate structure and func-
tion at the basal membrane in different organs, including the 
glomeruli. Thus, the main clinical features of the disease 

consist of microscopic hematuria, followed by the develop-
ment of proteinuria and end-stage renal disease (ESRD), 
together with neuro-sensorial deafness, and ocular defects 
[2, 3].

Three different genetic forms of Alport syndrome have 
been recognized so far: an X-linked type, due to a defec-
tive α5 chain, an autosomal recessive inheritance pathway, 
characterized by mutations of both alleles of COL4A3 and/
or COL4A4, and an autosomal dominant form, where the 
heterozygous mutation of COL4A3 or COL4A4 is responsi-
ble for the development of a pathological phenotype [4, 5].

The X-linked Alport syndrome represents the most fre-
quent type [4–6]. Men affected by the X-linked form have the 
full-blown clinical picture of the disease and about 90% of 
them develop ESRD before the age of 40, depending on the 
mutation type they carry [7, 8]. Women that carry COL4A5 
mutation show a wide variety of phenotypes, even within 
the same family [9]. Unfortunately, not many data have been 
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available about their clinical outcome and prognosis until 
recently. In the largest X-linked Alport cohort hitherto stud-
ied, dating back to 2003 [10], 28% of heterozygous females 
developed deafness and 75% proteinuria, which are signifi-
cant risk factors for ESRD in Alport syndrome. In the same 
series, renal failure before the age of 40 occurred in 14% of 
the heterozygous women, but this percentage increased to 
30–40% after 60 years.

The non-X-linked Alport syndrome forms, instead, are 
characterized by a comparable severity of the disease in the 
two genders [5]. Although the prevalence of these forms 
was underestimated until recently, it is now established, 
thanks to new sequential techniques that have enabled the 
identification of more patients with mutations in COL4A3 
and COL4A4, that they account for a consistent amount of 
the Alport population [5, 6].

These studies made it clear that Alport syndrome should 
not be regarded as a benign condition for women.

Consequently, pregnancy in patients affected by Alport 
syndrome should be associated with maternal and fetal risks. 
Unfortunately, the number of pregnancies reported in the 
literature is limited [11], and data about fetal and maternal 
outcomes in Alport syndrome are still inconclusive.

In this paper, we describe a series of seven pregnancies in 
six women affected by Alport syndrome. A multidisciplinary 
team of nephrologists and gynecologists monitored these 
women during the pregnancies. After delivery, the nephro-
logical follow-up was continued for at least 3 years.

The aims of this study were: (1) to evaluate the impact 
of the disease on fetal and maternal outcome during preg-
nancy; (2) to assess the impact of pregnancy on the disease 
progression during the post-pregnancy follow-up; and (3) 
to compare our results with the other studies published on 
the subject.

To the best of our knowledge, our series is one of the larg-
est and with the longest post-pregnancy follow-up hitherto 
reported.

Materials and methods

We collected clinical data regarding seven pregnancies of 
six patients affected by Alport syndrome who attended our 
outpatient service, led by a multidisciplinary team of neph-
rologists and gynecologists. Monthly clinical assessments of 
the mother were carried out by the same team of expert phy-
sicians, and included physical examination, blood pressure, 
and blood and urine tests. Complete blood cell count, renal 
and liver function, uric acid, serum albumin, 24 h proteinu-
ria, and urinary sediment were recorded at the first observa-
tion (pre-pregnancy/first trimester), during advanced preg-
nancy (second/third trimester), after delivery, and at the end 
of the follow-up (≥ 3 years). Blood tests and urine analysis 

were all performed in the central laboratory of our hospi-
tal. Serial fetal growth scans and Doppler fetal ultrasounds 
were carried out every 2 weeks and more frequently during 
hospitalization. Hospitalization was implemented and clini-
cal care intensified when required for mother or for fetus. 
Cesarean section was indicated when delivery was necessary 
at the 34th week of gestation or earlier.

Patients’ characteristics

The main clinical characteristics at conception, during and 
after pregnancy, of our patients are reported in Table 1.

Our patients’ age ranged from 16 to 49  years. Five 
patients had a genetic diagnosis of Alport syndrome. In 
the sixth patient, electron microscopy of kidney biopsy 
enabled the diagnosis. Two patients are sisters (Pt n3 and 
Pt n4-Table 1) and the consecutive pregnancies of one of 
them are described (N3–N4). Two of these pregnancies (N3 
and N5) have already been reported in a previous paper [12].

At conception kidney function was normal (serum creati-
nine from 0.47 to 0.8 mg/dl) in all pregnancies except one 
(N7 serum creatinine 2.4 mg/dl). In all pregnancies, basal 
urinary sediment demonstrated microscopic hematuria that 
was associated with proteinuria in six of them (from 0.6 to 
2 g/day). Before the pregnancies, all women with proteinuria 
were taking anti-proteinuric therapy, based on ACE inhibi-
tors (ACE-I) and/or angiotensin receptor blockers (ARBs), 
that was discontinued immediately at positive pregnancy test 
or before conception in planned pregnancies.

Two patients had arterial hypertension well controlled 
with pharmacological therapy (N6–N7) and received low-
dose aspirin during pregnancy. Both had twin pregnancies 
obtained by means of assisted reproductive techniques.

Literature comparison (Table 2)

We carried out a literature research of the papers describing 
pregnancies in patients affected by Alport syndrome. We 
only included articles in English indexed on PubMed.

Results

Maternal outcome (Table 1)

The pregnancy clinical course was completely normal and 
the delivery was vaginal and at term only in patient N1. 
In this woman, the only renal manifestation of Alport syn-
drome at conception was microscopic hematuria that per-
sisted unchanged during the whole pregnancy and until the 
last observation, 3.2 years after delivery.
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During the other pregnancies one or more complications 
occurred. Proteinuria, that was present at conception, wors-
ened in all of the cases.

In pregnancy N2 proteinuria remained below 1 g/day until 
the third trimester when a progressive increase was docu-
mented. The patient was hospitalized; proteinuria increased 
to 2.3 g/day and was associated with lower limb edema 
onset. Renal function and arterial blood pressure remained 
normal. The patient delivered at 37 weeks with a cesarean 
section due to premature membrane rupture. After deliv-
ery, the patient restarted ARB treatment with a progressive 
reduction of proteinuria to the pre-pregnancy ranges, which 
remained stable until the last observation, 3.5 years after 
delivery.

In pregnancies from N3 to N7, all with mild proteinuria at 
conception, a striking increase of proteinuria, starting from 
the second trimester and reaching nephrotic levels in the 
third trimester (from 4.5–13 g/24 h), was documented.

Nephrotic range proteinuria was associated with fluid 
overload development which required hospitalization. 
Early delivery with cesarean section was necessary in all 
patients due to worsening of proteinuria, anasarca, and/or 
pre-eclampsia.

In cases N3, N4, and N5, proteinuria was massive. In the 
two former, it caused anasarca, oligoanuria, and breathless-
ness that required prolonged and subsequent hospitalizations 
from the second trimester for albumin infusions, intravenous 
diuretic treatment and anticoagulation with low molecular 
weight heparin. In pregnancy N5, the patient had to be 
admitted for intravenous diuretic administration.

In these three cases, renal function and arterial blood 
pressure continued to be in normal ranges, but delivery was 
brought forward (32–36 weeks) due to the massive proteinu-
ria, the non-responsive fluid overload, and initial drop in 
fetal growth. Cesarean section was performed in these three 
cases: in pregnancies N3 and N4 because of the mother’s 
critical conditions which required early delivery, and in N5 
because of cervical dystocia after labour induction. After 
delivery, patients restarted treatment with ACE-I and ARB 
and progressive improvement of proteinuria was achieved. 
At last observation after delivery, their clinical conditions 
were comparable to that before pregnancy.

In the other two women with high blood pressure history 
and twin pregnancies obtained by means of assisted repro-
ductive techniques (N6 and N7), the nephrotic proteinuria 
was associated with the full-blown picture of pre-eclampsia 
with worsening of the pre-existing arterial hypertension and 
of renal function. The delivery was performed at the 33rd 
and 29th week, respectively, with a cesarean section.

In patient N6, the worsening of renal function was mild 
(serum creatinine from 0.8 to 1.12 mg/dl), but persisted after 
delivery in spite of the progressive improvement of proteinu-
ria that moved back rapidly after ACE-I therapy restarted. 

Arterial blood pressure was well controlled with the usual 
therapy. At last observation, 4.5 years after delivery, serum 
creatinine was 1.2 mg/dl, proteinuria 0.9 g/day, and blood 
pressure 130/80 mmHg.

In patient N7, already affected by advanced stage of 
chronic kidney disease (CKD) at conception, we observed 
a progressive worsening in renal function during the third 
trimester. She was started on haemodialysis 1 month after 
delivery and successfully underwent living related-donor 
kidney transplantation 2 years later. Renal graft function was 
normal at the last observation 5 years after pregnancy. Arte-
rial hypertension persisted, but was in good pharmacological 
control with a blood pressure of 140/85 mmHg.

Fetal outcome (Table 1)

All babies were born healthy, with the exception of a female 
baby that died a few hours after birth due to bilateral renal 
dysplasia (twin pregnancy N6).

Birth weight below 2500 g was registered in five out of 
eight newborns (range 1200–2335 g). This high rate of low 
birth weight was mainly due to pre-term delivery (gesta-
tional week 29th–36th), rather than to fetal growth restric-
tion. In fact, a small for gestational age (< 10th percentile) 
was recorded only in N6 twin female affected by renal 
dysplasia (1480 g at the 33rd gestational week), while the 
weights of all the other newborns in this group were appro-
priate for gestational age, even though in the lower ranges 
of normality. The birth weight of the other three babies was 
2630 (N4), 3210 (N2), and 3100 g (N1), respectively. The 
first one was delivered pre-term (34th week), while the two 
latter at term (37th and 38th week).

Review of the literature (Table 2)

We performed a Medline and PubMed research on pub-
lished data about pregnancy in Alport patients, including 
only articles in English. We found seven papers describing 
seventeen pregnancies of ten patients affected by different 
genetic forms of Alport syndrome.

It is well established that CKD and hypertension nega-
tively impact the pregnancy outcome in different settings 
[13–15], and Alport patients are not an exception. In the 
literature, only one case of Alport syndrome with CKD 
and hypertension at conception was published so far by 
Matsuo et al. [16] (Pt n1-Table 2). The fetal and mater-
nal outcomes were poor, and the pregnancy course was 
characterized by pre-eclampsia, severe fluid overload, 
progression to ESRD, and pre-term delivery with intrau-
terine fetal growth restriction (IUGR) and stillbirth. In our 
series, patient N7 presented similar pre-conceptional con-
ditions and likewise developed pre-eclampsia and ESRD. 
Her delivery had to be early induced and she gave birth 
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to low-weight but healthy newborns. Another pregnancy 
with an analogous outcome was described by Yefet et al. 
[11] (Pt n8-Table 2), but neither the pre-conceptional renal 
function nor the blood pressure of the patient is reported. 
This 27 year-old woman, a carrier of an autosomal domi-
nant form of Alport syndrome, had microscopic hematu-
ria and proteinuria, and was at her first pregnancy. Deliv-
ery had to be brought forward due to pre-eclampsia, but 
she gave birth to a healthy baby. Kidney impairment that 
developed during pregnancy progressed subsequently 
to ESRD and the patient had to be started on peritoneal 
dialysis.

We have not found in the literature any pregnancies in 
women with Alport disease with chronic arterial hyperten-
sion and without CKD. This, however, is the case of our N6 
patient who started pregnancy with proteinuria and normal 
renal function. She developed pre-eclampsia with mild but 
persistent deterioration of renal function. In this case, the 
pre-term delivery was associated with neonatal death in one 
of the two twins.

No other cases of ESRD developing during or following 
pregnancy have been described in Alport patients other than 
that of our patient N7 and those described by Matsuo et al. 
[16] and Yefet et al. [11].

Still, in four other pregnancies, renal function deteriora-
tion occurred [17–19]. All these four patients had normal 
renal function and blood pressure and non-nephrotic pro-
teinuria at conception (Pt n3–6-Table 2). During pregnancy, 
nephrotic range proteinuria developed and pre-eclampsia 
occurred in three cases (Pt n3, Pt n4 1st pregnancy, Pt 
n6-Table 2). Delivery was induced pre-term, from 29 to 
35 week gestation, with cesarean section in three (Pt n3, 
4, 5-Table 2). Pregnancy resulted in a neonatal death (Pt 
n4-Table 2) and in three alive babies with low birth weight 
at least in two. Proteinuria returned to the basal values after 
delivery and blood pressure was normal at last observation 
in all patients. Nevertheless, impaired renal function per-
sisted in two women [17, 19] (Pt n3, 6-Table 2).

In seven other pregnancies, a variable increase of pro-
teinuria during the last trimesters complicated the clinical 
courses [11, 18, 20–22]. Non-nephrotic proteinuria was the 
only pre-conception pathological manifestation of Alport 
syndrome in all these patients. In two pregnancies of a 
young woman [11] (Pt n9-Table 2), proteinuria reached the 
nephrotic range. In the last pregnancy, she was admitted with 
headache, blurred vision, and pitting edema of lower limbs. 
In both pregnancies, delivery was induced due to proteinuria 
worsening, but no fetal complications ensued.

In two other case reports [18, 20] (Pt n4 2nd pregnancy, 
Pt n10-Table 2), nephrotic syndrome developed without any 
significant complications for the mother and the fetus. Simi-
larly, the maternal and fetal outcomes were good in the other 
three cases in which the increase of proteinuria observed 

during pregnancy was less severe [11, 21, 22] (Pt n9 1st 
pregnancy, Pt n2-Table 2).

The pregnancy course of our patients who had proteinuria 
as the only manifestation of Alport syndrome was compa-
rable (N2, 3, 4, 5).

Proteinuria reached nephrotic ranges in three cases 
(N3–5). Strict monitoring of these patients was required 
due to the development of severe nephrotic syndrome and 
severe fluid overload. This led to the need for an intense 
clinical care, frequent and prolonged hospitalizations, pre-
term deliveries, and the birth of low-weight newborns.

In the other patient (N2), the increase of proteinuria was 
mild and the course of pregnancy was uneventful.

As with the above-mentioned seven cases of the literature 
[11, 18, 20–22], also in our patients, proteinuria returned to 
the basal values after delivery. Our patients were monitored 
for more than 3 years after pregnancy and no worsening of 
renal function, proteinuria, and blood pressure control were 
recorded.

Yefet et al. [11] stated that the course of pregnancy was 
without any maternal complications in four pregnancies of 
a young carrier of an autosomal dominant Alport disease 
(Pt n7-Table 2). At conception, she had only isolated micro-
scopic hematuria. Her first pregnancy ended after 28 weeks 
due to stillbirth, while the fetal outcome was good in the 
three other pregnancies. Similarly, in our patient N1, who 
presented isolated microscopic hematuria, the clinical course 
of pregnancy was uneventful, with a full-term delivery and 
no sequelae in the follow-up. Another pregnancy of a patient 
with Alport syndrome and isolated microscopic hematuria 
is quoted in the article of Kitanovska et al. [18], and also in 
this case, the outcome of pregnancy was uneventful.

It is not easy to draw definitive conclusions based on this 
limited number of pregnancies, the description of which 
sometimes misses important data. However, all these cases 
clearly underline that the presence of proteinuria at concep-
tion is a risk factor for the occurrence of maternal and fetal 
complications in Alport pregnancies. Indeed, in the absence 
of other well-known risk factors (arterial hypertension and 
CKD), some proteinuric patients can develop pre-eclampsia 
and transient or persistent renal dysfunction. Some other 
patients may develop full-blown nephrotic syndrome leading 
to life-threatening clinical conditions requiring hospitaliza-
tion and intense medical care. In these situations, the fetal 
outcome could be compromised.

Discussion

There are limited data about pregnancy outcome in Alport 
syndrome, and clinical markers to predict fetal and maternal 
outcome are lacking.
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To the best of our knowledge, our series of pregnant 
patients affected by Alport syndrome is one of the largest 
described in the literature and has the longest post-preg-
nancy follow-up, which allows us to evaluate the disease 
outcome after pregnancy.

Moreover, we compared our results with the other cases 
already published, summarized in Table 2.

In the patient who presented isolated microscopic hema-
turia, the clinical course of pregnancy was uneventful, with 
a full-term delivery and no sequelae in the follow-up.

The development of proteinuria in Alport syndrome is a 
marker of chronic progression of the disease [4]. In addition, 
proteinuria is a well-known predictor of maternal and fetal 
complications of pregnancies in all kidney diseases [23].

In our patients, when proteinuria was present at concep-
tion in spite of normal renal function and blood pressure, 
we observed its progressive increase in the second trimes-
ter and third trimester up to nephrotic ranges without other 
manifestations suggestive for pre-eclampsia. These patients 
developed severe fluid overload that led to the necessity of 
an intense clinical care, frequent and prolonged hospitaliza-
tions, and pre-term delivery due to the critical condition of 
the mother. Therefore, all but one newborn in this group had 
a low birth weight. Proteinuria returned to the basal degree 
after delivery with reintroduction of anti-proteinuric therapy. 
During the follow-up after pregnancy, renal function and 
blood pressure continued to be in normal range.

The striking increase of proteinuria during pregnancy 
seems a peculiar manifestation of Alport pregnancies 
[17–19].

Although we do not have a clear explanation for this phe-
nomenon, we can hypothesize that it can be attributed to the 
impact of the physiological glomerular hyperfiltration that 
develops during pregnancy [24] on a genetically defective 
basal membrane.

As in other kidney diseases, renal function impairment 
and arterial hypertension at conception emerged as negative 
predictors for maternal and fetal outcome in pregnancies of 
patients with Alport syndrome [13–15]. This was the case of 
our two hypertensive patients who developed pre-eclampsia 
and deterioration of renal function. These complications 
required pre-term delivery and a neonatal death occurred 
in one of the two twin pregnancies. Probably, chronic arte-
rial hypertension and pre-eclampsia contributed to the renal 
function deterioration in our patients. Indeed, chronic hyper-
tension predisposes to pre-eclampsia and approximately 2% 
of women with pre-eclampsia experience acute renal failure, 
and those with history of renal disease do not recover renal 
function [25].

We should point out that these two patients of our series 
presented other pre-eclampsia risk factors such as old age, 
null parity, and twin pregnancy due to assisted reproductive 
techniques.

To sum up, our observations suggest that Alport syn-
drome should be considered a potential risk factor for preg-
nancy. The presence of arterial hypertension and kidney 
function impairment at conception confirmed as negative 
predictors for maternal and fetal outcome in this popula-
tion; this appears to be backed up by the findings of other 
papers too.

Based on our series and the published cases, in the pres-
ence of proteinuria at conception, the clinical course of 
pregnancy can be severely complicated. As a matter of fact, 
some case reports underline the fact that renal function dete-
rioration and pre-eclampsia development may occur when 
non-nephrotic proteinuria is present at conception, even in 
the absence of CKD and arterial hypertension [17–19]. In 
other cases, the development of severe nephrotic syndrome 
can worsen the pregnancy outcome.

On the other hand, a trend for patients with isolated 
microscopic hematuria to have an uneventful pregnancy 
progress stands out.

Nevertheless, in our patients with normal renal func-
tion and blood pressure at baseline, the complications that 
occurred during pregnancy do not seem to have worsened 
the mother post-pregnancy outcome. Indeed, the clinical 
situation of the patients at last observation was identical to 
the pre-conception period.

Larger patient series with a longer follow-up are war-
ranted to draw more definitive conclusions on the long term 
outcome after pregnancy.

Our study has some limitations such as its retrospective 
nature, the low number of patients evaluated, and the hetero-
geneity of the population in terms of parity and age. How-
ever, we may conclude that in addition to genetic counseling, 
all women affected by Alport syndrome should be informed 
about the risks related to pregnancy in their condition and, 
throughout the pregnancy, mother and fetus should be regu-
larly evaluated and carefully monitored by an expert team 
of nephrologists and gynecologists.
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