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ABSTRACT 

Background. The risk of kidney failure increases after preeclampsia ( PE) , further increasing after two or more episodes. 
Recurrence is variably estimated. The aim of this study was to assess the recurrence rate and its predictors in the setting 
of obstetric–nephrology follow-up of pregnancies after PE. 
Methods. In a prospective study ( 2018–24) , from 108 pregnancies with prior hypertensive disorders of pregnancy we 
selected 77 singleton deliveries after excluding twins, miscarriages, terminations, ongoing pregnancies, and drop-outs. 
PE recurrence and potential associated factors were tested in univariable and multivariable logistic regression models. 
Gestational age at time of delivery was analyzed using Kaplan–Meier curves and Cox regression. The diagnostic potential 
of angiogenic placental biomarkers ( soluble FMS-like tyrosine kinase-1 and placental growth factor) was likewise tested. 
Results. In the context of a high prevalence of previous preterm delivery ( 53.6%) , PE recurrence was 42.9%. Furthermore, 
19.5% of the women experienced other complications and only 37.7% had an uneventful pregnancy; 60.6% of recurrences 
occurred after the 37th gestational week ( GW) , making later delivery possible ( median: 38 GW in the index pregnancy 
versus 35 GW in the previous pregnancy) . The covariates associated with PE recurrence were chronic hypertension ( OR 
7.662, 95% CI 2.122–33.379) and having had a baby with a centile < 10th ( OR 7.049, 95% CI 1.56–41.027) , while those 
associated with time to delivery were hypertension and maternal age. Being diagnosed with chronic kidney disease after 
a previous PE episode was not associated with a significantly increased risk of recurrent PE. 
Conclusions. Risk of PE recurrence was high but delayed in this cohort on multidisciplinary follow-up. The question of 
whether a proactive approach to delivery can help to preserve long-term maternal kidney health is open. 
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KEY LEARNING POINTS 

What was known: 

• Preeclampsia ( PE) and hypertensive disorders of pregnancy ( HDP) complicate respectively 2% and > 10% of all pregnancies 
and represent a risk factor for the occurrence of kidney failure, cardiovascular disease, and early-onset hypertension.

• The incidence of recurrent PE is high, but estimates vary ( from ∼15% to > 70%) .
• An underlying kidney disease is found in up to 20% of women who undergo a diagnostic follow-up after PE.

This study adds: 

• Despite strict controls, the use of acetylsalicylic acid, correction of vitamin D deficits, and intensive hypertension monitoring, 
the recurrence rate of PE was high ( 43%) . Most of the recurrences occurred after the 37th gestational week and were delayed 
compared with the previous PE episode, in keeping with the current literature.

• This is the first study performed in the setting of conjoint nephrology–obstetrics follow-up after a PE episode, quantifying 
the recurrence risk also in patients with initial chronic kidney disease.

• A longitudinal assessment of the placental biomarkers soluble FMS-like tyrosine kinase-1 and placental growth factor can 
help to timely identify pregnancies at higher risk of PE recurrence.

Potential impact: 

• Strict multidisciplinary obstetrics–nephrology follow-up of pregnant women with a medical history of PE can help to delay 
recurrences.

• Further studies should be designed to assess whether a proactive approach to delivery after 37 gestational weeks can reduce 
the long-term risk of kidney disease.

• The finding of a high risk of recurrences, even with ‘optimized’ follow-up, with expected consequences on the kidney health, 
underlines the importance of the involvement of nephrologists in the care plans.
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NTRODUCTION 

reeclampsia ( PE) and hypertensive disorders of pregnancy 
 HDP) , which include PE, gestational hypertension, hemolysis, el- 
vated liver enzymes, and low platelet count ( HELLP syndrome) ,
nd, according to most authors, intrauterine growth restriction 
 IUGR) , occur frequently. The fact that their incidence varies 
orldwide is due to a number of factors: genetic and epigenetic 

 women born small or preterm have a higher risk of PE-HDP) , de- 
ographic ( teen or older-age pregnancies are at higher risk) , so- 
ial ( poverty and social deprivation are associated with a higher 
ncidence of PE-HDP) , and clinical [chronic kidney disease ( CKD) ,
mmunologic diseases, diabetes, obesity, and anorexia increase 
he risk of PE-HDP]; the risk is also higher in women undergo- 
ng assisted fertilization treatment [1 –3 ]. A general estimate of 
E incidence is 2%–3% per pregnancy, corresponding to a 5%–7% 

isk for multiparous women during their lifetime. HDP are more 
ommon; definitions vary, but they are estimated to be present 
n ∼10% of pregnancies and 15%–20% of multiparous women 
uring their lifetime [4 ]. 
PE and HDP are syndromes and not single diseases, and their 

athogeneses are multifactorial [2 –6 ]. While clinical remission 
f hypertension, proteinuria, or other signs of organ damage is 
ommon after delivery, the long-term health of women who ex- 
erience one or more PE episodes is lower than that of parous 
omen with non-complicated pregnancies, and the main health 
roblems are cardiovascular and metabolic diseases, CKD, and 
idney failure [7 –9 ]. 

Furthermore, a vicious circle links kidney impairment with 
lacental damage [10 ]. Women with CKD have a higher inci- 
ence of PE-HDP, and those who experience PE-HDP have an 
ncreased risk of being diagnosed with CKD [7 , 9 –15 ]. Whether 
nd to what extent this risk is due to pre-existing CKD, and is 
evealed by pregnancy, or PE-HDP are instead causation factors 
or CKD is still a matter of discussion. Our knowledge is limited; 
arly CKD often goes undetected unless searched for ( the few 
tudies available on this issue find evidence of CKD after PE in n
20% of cases) , and long-term follow-up after PE-HDP is rarely 
vailable [14 , 16 , 17 ].Whatever the pathogenesis and the ‘relative 
eight’ of CKD, the risk of recurrence of PE and HDP is higher in
ubsequent pregnancies. Estimates vary from 15% to 80%, 20.7% 

n one of the largest meta-analyses, but studies are heteroge- 
eous in terms of populations and definition of recurrences ( PE 
nly or all HDP) ; moreover, the severity of the previous episode 
f PE-HDP varies significantly [18 , 19 ]. As a general rule, recur- 
ences are more frequent after severe and/or early PE. Obstetric 
olicies play a significant role in this heterogeneity: earlier deliv- 
ry can theoretically prevent late PE, but increases the number 
f cesarean sections. 
Some experts hold that PE-HDP are valuable opportunities to 

mprove long-term health, through early diagnosis of CKD and 
f its risk factors, and see a nephrology assessment after deliv- 
ry as a goal to be met; however, the long-term advantages are 
till to be proven, and long-term follow-up programs are needed 
o explore this issue [20 , 21 ]. Preventing or at least attenuating 
ecurrences in future pregnancies is expected not only to protect 
aternal health but also to break the transgenerational vicious 
ircle of ‘small babies’ that will deliver small babies who will 
ave a higher incidence of CKD, cardiovascular and metabolic 
isorders, and complicated pregnancies [10 , 11 , 22 ]. 
In the context of a follow-up program, established for women 

ho have experienced an episode of preeclampsia, which in- 
ludes searching for risk factors ( including hypertension, CKD,
ther systemic diseases) , optimization of care ( for example of 
ypertension or diabetes) , and nutritional status ( with a dedi- 
ated program for obese women) , particular attention was paid 
o optimizing the clinical conditions, and whenever possible re- 
ucing the risk factors before and offering a strict follow-up dur- 
ng a subsequent pregnancy [23 ]. 

The aim of this study was to assess the recurrence rate and 
uration of pregnancy and identify the main factors associated 
ith recurrences and duration of pregnancy in women followed 
p after a PE episode, in the context of a pilot experience of joint
ephrology and obstetric management Hence, the present study 
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155 pregnancies followed at CHM
from 1 March 2018 to 29 February 2024

47 followed for CKD
or other risk factors 

14 underwent termination
or had a miscarriage

108 pregnancies followed after an episode
of hypertensive disorders of pregnancy

10 pregnancies currently
ongoing

77 singleton and 3 twin pregnancies
(77 singletons; 6 twins)

1 lost to follow up during
pregnancy

Figure 1: Study flow-chart. CHM, Centre Hospitalier Le Mans. 
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ffers some insights into the results of pilot multidisciplinary 
bstetric–nephrology management, characterized by a longitu- 
inal follow-up in nephrology of women who experienced an 
pisode of PE, who were followed up whenever possible since
he start of pregnancy with the same protocols that are used in
KD G1 [20 ]. 

ATERIALS AND METHODS 

etting of care 

his study was conducted at the Centre Hospitalier Le Mans
 CHM) , one of the largest non-university hospitals in France. The
HM has an obstetric service with ∼3500 deliveries per year
24 ]. Dedicated nephology consultations for women who have 
xperienced an episode of PE have been available since 2017,
nd nephrology follow-up of subsequent pregnancies has also 
een available since then, integrating standard obstetric care 
ith nephrology consultations ( blood pressure control, specific 
ollow-up of CKD cases, and dietary management) [23 ]. 

The work-up after PE includes a search for an underlying kid-
ey disease ( kidney ultrasounds, blood and urine tests, accord- 
ng to patient’s initial data and medical history) and other risk
actors ( obesity, hypertension, immunological or other maternal 
iseases) . Patients are offered a specific consultation ( whenever 
ished with the partner) before planning a subsequent preg- 
ancy, to discuss risks and questions, and plan follow-up, that
s started early in subsequent pregnancies [14 ]. 

The Obstetric Unit is the only tertiary care center in the
arthe Department ( ∼560 000 inhabitants) [25 ]. Patients through- 
ut the department with severe PE, HELLP, or other relevant ob-
tetric pathologies are routinely referred to the CHM. The hos-
ital discharge codes indicate that the annual incidence of PE in
he time period 2017–2023 was 2%–3%. 

efinitions 

PDs were defined in keeping with the American College of Ob-
tetricians and Gynecologists ( ACOG) guidelines: PE as hyperten- 
ion ( systolic blood pressure ≥140 mmHg and/or diastolic blood 
ressure ≥90 mmHg) , associated with proteinuria ( 24-h excre- 
ion ≥300 mg) , diagnosed after 20 weeks of uneventful gestation
nd continuing up to 2 weeks post partum [1 ]. In the absence of
roteinuria, one of the following had to be present: new-onset
ypertension with new onset of platelet count < 100 000/ μL,
erum creatinine > 1.1 mg/dL, or doubling of concentration in
he absence of other renal diseases, transaminitis to twice the
ormal concentration of liver enzymes, pulmonary edema, and 
erebral/visual symptoms [1 ]. Intrauterine growth restriction 
as included in end-organ damage. 
HELLP syndrome was defined in keeping with the above 

uidelines ( alanine or aspartate transaminase levels ≥2 times 
he upper limit of normal) ; hemolysis ( lactate dehydrogenase 
 600 U/L; peripheral blood smears with evidence of dam-
ged erythrocytes; serum bilirubin ≥1.2 mg/dL; platelet count 
 100 000/ μL) [1 ]. 
Small for gestational age babies were defined in line with the

wo most commonly used cut-points, below the 5th and 10th
entiles, following INTERGROWTH standards [26 , 27 ]. 

Preterm delivery was defined as delivery before 37 completed 
estational weeks ( starting from the first day of the last menses) ;
arly preterm delivery as before 34 gestational weeks ( GW) and 
ery early preterm delivery as delivery before 28 completed ges-
ational weeks [28 –30 ]. 
CKD was defined following the 2012 and 2024 Kidney Disease
mproving Global Outcomes classification and stratification [31 ,
2 ]. Estimated GFR ( eGFR) relied on the CKD-EPI equation, using
reconception data [33 ]. 
Since patient selection was based upon the presence of a

revious pregnancy complicated by PE or severe HDP, in our
tudy we included only cases in which CKD had been diagnosed
uring the work-up after a previous pregnancy complicated by
E or related disorders. As a consequence, we excluded cases
hat were referred because of CKD, while in the study popula-
ion we considered CKD as a covariate ( as we did with chronic
ypertension) . 
Obesity was defined by a pre-gestational body mass index

 BMI) ≥30 kg/m2 ; overweight as BMI between 25 and 30 kg/m2 ,
nd underweight as BMI < 20 kg/m2 [34 ]. 

linical outcomes 

he main outcomes were incidence of PE defined as above, and
uration of pregnancy, considering only women who reached
he viability term of 20 GW. Abortions and miscarriages ( i.e. be-
ore 20 GW) were not included in the analysis ( Fig. 1 ) . Time to
elivery was calculated as time from the last menses to delivery
nd expressed in GW. 

A complicated pregnancy was defined as one with PE, HELLP
r intrauterine death ( if not ascribed to other cause, e.g. infec-
ious ones) . 

Worsening of chronic hypertension, isolated hypertension,
ntrapartum hemorrhage, gestational diabetes mellitus, and iso- 
ated proteinuria were recorded as other complications. 

Most of the patients were referred to the nephrologists by
he hospital’s obstetric department, by local midwives, or pri-
ate obstetricians, for evaluation after a PE episode, intrauter-
ne death, or HELLP syndrome ( in which case they were already
n follow-up in nephrology when the index pregnancy started) ,
r during pregnancy, when there was a history of previous
omplications. 
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ultidisciplinary work-up 

ll women without contraindications who were referred before 
4 GW were prescribed acetylsalicylate 75–150 mg per day, as 
greed with the local obstetricians. Folic acid was prescribed be- 
ore conception in planned pregnancies to prevent neural mal- 
ormations. As part of their nephrology follow-up, all women 
nderwent baseline evaluation of nutritional habits, seeking to 
nsure balanced nutrition ( with a focus on energy, proteins, vi- 
amins, and calcium) , rich in fruit and vegetables and avoiding 
ltra-processed food [35 ]. Efforts were made to keep weight gain 
ithin the recommended limits [36 ]. 
Vitamins B12 and D and folic acid were dosed monthly and 

upplemented according to need; anemia and iron deficiency 
ere corrected with oral or IV iron, as per current recommenda- 
ions [37 –39 ]; kidney function, albumin levels, and electrolytes 
ere checked monthly and, if not determined before pregnancy,
 basic immunologic work-up was performed. Likewise, kid- 
ey and urinary tract ultrasounds were prescribed, if one had 
ot been performed in the previous year. Infection control fol- 
owed local recommendations; anti-toxoplasma antibodies were 
hecked monthly if negative at baseline, in keeping with the 
urrent French indications [40 , 41 ]. Since > 90% of our patients 
ere toxoplasma-negative, we defined a monthly frequency of 
heckups, combining toxoplasma tests, tests requested by the 
bstetricians with kidney function and electrolyte assessment,
easuring hemoglobin, iron stores, vitamin levels, further im- 
lemented according to clinical needs. Urinalysis and albumin- 
ria to creatininuria ratio were prescribed weekly after 20 GW. 
The placental biomarkers soluble FMS-like tyrosine kinase-1 

 Sflt1) and placental growth factor ( PlGF) were routinely checked 
onthly after 20 GW. Samples were assessed using the Elecsys®

Flt-1/PlGF immunoassay ( Roche Diagnostics GmbH) ; the results 
f the tests were not considered in planning delivery, nor did 
hey affect the obstetrical work-up. The median delay time be- 
ween testing and availability of the results was 4 days. However,
f nephrologists were aware of a high or increasing ratio, blood 
ressure, proteinuria, and clinical checks were more frequent. 
All women were taught how to self-monitor blood pres- 

ure at home, and this was our preferred monitoring policy; 
omen were asked to self-monitor blood pressure at home if 
hey showed ‘normal-high’ blood pressure levels ( 130/80 mmHg) 
t clinical visits [42 ]. We also prescribed 24-hour blood pressure 
onitoring in cases of discrepancy between home and in-office 
onitoring, in cases in which blood pressure showed wide vari- 
tions in self-monitoring, and in cases in which self-monitoring 
as not performed. Due to the fact that the procedure was not 
niversally accepted by the patients, we tried to optimize mon- 
toring according to their preferences. 

Blood pressure targets under treatment followed the indi- 
ations agreed on in CKD pregnancies by the Italian Society of 
ephrology ( target < 130/80 mmHg) ; target blood pressure lev- 
ls at which treatment was started were likewise individualized,
ut were mainly > 140/90 mmHg as recommended in the current 
ephrology guidelines [43 , 44 ]. 
Delivery was planned by the obstetricians, and advanced if 

he ACOG criteria for the definition of PE-HELLP were met, espe- 
ially after term; otherwise a conservative approach was chosen 
ith regard to the appearance of edema, weight gain, or isolated 

ow-grade proteinuria and hypertension. 

tudy design and statistical analysis 

rom 108 pregnancies followed after an episode of PE or 
ther severe HDP in our nephrology outpatient clinic between 
arch 2018 and February 2024 ( Fig. 1 ) , we selected 77 singleton 
regnancies; we excluded the 14 cases who had undergone ter- 
ination or had a miscarriage, 10 ongoing pregnancies, 3 twin 
regnancies, and 1 patient lost to follow-up during pregnancy.
atients were divided into three groups defined by the occur- 
ence of pregnancy complications ( PE, non-complicated, other 
omplications) . A dichotomous analysis ( PE, all others) was per- 
ormed for the main outcomes. Data are presented as absolute 
umbers and percentages for prevalence, mean and standard 
eviation ( SD) for normally distributed variables, and median 
nd first and third quartiles for non-normally distributed 
nes. 
Multivariable logistic regression analysis was performed to 

etermine which variables were associated with recurrence of 
E: age at the beginning of the index pregnancy ( as a continu- 
us variable) , BMI ( dichotomized as < or ≥30 kg/m2 ) , presence of 
hronic hypertension before the index pregnancy ( dichotomized 
s yes or no) , presence of CKD ( dichotomized as yes or no) ,
W at delivery during the previous complicated pregnancy 
 dichotomized at 35 GW) , and baby’s centile in the previous com- 
licated pregnancy ( dichotomized at the 10th centile) . 
Each woman was her own control, as the results of the index

regnancy were compared with those of the previous compli- 
ated pregnancy. 

In fact, while randomization was not proposed for ethical 
easons, since women should be systematically offered follow- 
p without charge in our area, choosing as controls those who 
ere not followed would have introduced a referral and a com- 
liance bias. Hence, acknowledging these limits, we compared 
he outcomes of the pregnancy followed up in our unit ( index 
regnancy) with the outcomes in the previous pregnancy ( the 
ne that led to referral to our unit) . 
Reverse Kaplan–Meier curves ( time to event) were used to as- 

ess the time to delivery starting from the viability zone ( 20 GW) 
n the overall cohort, and in keeping with the outcomes and the 
ajor risk factors, reported below. Cox regression analysis was 
erformed to assess the effect on delivery week of the same in-
ependent variables used for the analysis of recurrences. 
Longitudinal analysis using mixed-effect models and locally 

stimated scatterplot smoothing ( LOESS) was used to explore 
he trends and variations in creatinine, uric acid, and sFlt1/PlGF 
evels. 

Statistical analyses were performed with RStudio software 
ersion 2023.09.1 + 494 ( Posit Software, Boston, MA) . The two- 
ided α risk was set at 5%. 

thical issues 

he study was performed in accordance with the Declaration 
f Helsinki. Women signed an informed consent authorizing re- 
rieval of their clinical data. Women who experienced an episode 
f PE are enrolled in the PRECEDE Study ( Clinicaltrials.org 
CT05056701, CPP 21.05200.210642, 5 July 2021, revised on 24 
une 2024) . 

ESULTS 

aseline data 

he baseline data of the 77 cases with singleton delivery are 
ummarized in Table 1 ( selection in Fig. 1 ) . The data identify 
 cohort with a high prevalence of overweight-obesity, and in 
ine with expected standards in terms of age and ethnicity.
edian referral occurred early, since most of the patients ( 67.5%) 
ere already on follow-up in the nephrology unit. Outcomes 
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Table 1: Baseline data of the index pregnancy of women with singleton deliveries divided into three groups defined by the occurrence of 
pregnancy complications ( PE/HELLP, non-complicated, other complications) . 

All cases ( n = 77) 
Recurrence of 

PE/HELLP ( n = 33) 
Non-complicated 

( n = 29) 
Other complications 

( n = 15) 

Age at referral ( years) , median [Q1–Q3] 31.6 [27.2–39.6] 32 [28.6–35.5] 28.7 [29.2–33.4] 33.5 [29.9–36.3] 
Week at referral ( weeks) , median [Q1–Q3] 9.9 [6.7–16.4] 10 [6.7–16] 8 [6.4–16] 12.7 [8.3–18.4] 
Parity = 1, n ( %) 48 ( 62.3) 20 ( 60.6) 20 ( 68.9) 8 ( 53.3) 
Parity ≥ 2, n ( %) 29 ( 37.7) 13 ( 39.4) 9 ( 31.1) 7 ( 46.7) 
Ethnicity ( white) , n ( %) 56 ( 72.7) 23 ( 69.7) 23 ( 79.3) 10 ( 66.7) 
BMI before pregnancy ( kg/m2 ) , median [Q1–Q3] 27.6 [22.1–33.5] 29.3 [22.1–34.4] 26.9 [22.5–32.2] 29.0 [23.5–33.3] 
BMI < 20 kg/m2 , n ( %) 11 ( 14.3) 5 ( 15.1) 4 ( 13.8) 2 ( 13.3) 
BMI > 30 kg/m2 , n ( %) 31 ( 40.2) 14 ( 42.4) 10 ( 34.4) 7 ( 46.6) 
Only 1 previous complicated pregnancy, n ( %) 62 ( 80.5) 25 ( 75.7) 24 ( 82.7) 13 ( 86.7) 
≥2 previous complicated pregnancies, n ( %) 15 ( 19.5) 8 ( 24.3) 5 ( 17.3) 2 ( 13.3) 
Birth weight of the woman ( g) , median [Q1–Q3] 3250 [3000–3525] 

( missing: 39) 
3250 [3000–3600] 
( missing: 18) 

3200 [2915–3500] 
( missing: 12) 

3500 [2150–3757.5] 
( missing: 9) 

Profession: unemployed, n ( %) 7 ( 10.8) 
( missing: 12) 

2 ( 6.45) 
( missing: 2) 

3 ( 13.6) 
( missing: 7) 

2 ( 16.7) 
( missing: 3) 

Hypertension before pregnancy, n ( %) 27 ( 35.1) 17 ( 51.5) 2 ( 6.9) 8 ( 53.3) 
Diabetes mellitus before pregnancy, n ( %) 4 ( 5.2) 3 ( 9.1) 0 ( 0) 1 ( 6.7) 
CKD diagnosed after a previous complicated pregnancy, n ( %) 22 ( 28.6) 9 ( 27.3) 7 ( 24.1) 6 ( 40.0) 

Table 2: Main characteristics of the index pregnancy in women with singleton deliveries divided into three groups defined by the occurrence 
of pregnancy complications ( PE/HELLP, non-complicated, other complications) . 

All cases ( n = 77) 

Recurrence of 
PE—HELLP 
( n = 33) 

Non-complicated 
( n = 29) 

Other 
complications 

( n = 15) 

Acetylsalicylic acid, n ( %) 71 ( 92.2) 32 ( 96.9) 27 ( 93.1) 12 ( 80) 
Antihypertensive medications, n ( %) 24 ( 31.2) 21 ( 63.6) 1 ( 3.4) a 2 ( 13.3) 
Gestational diabetes, n ( %) 6 ( 7.8) 4 ( 12.1) 0 ( 0) 2 ( 13.3) 
Creatinine max ( mg/dL) , median [Q1–Q3] 58 [52–69] 60 [50.5–77] 57 [51–64] 62 [54–67] 
Week of delivery, median [Q1–Q3] 38.0 [37.0–39.0] 38.0 [35.0–39.0] 39.0 [38.0–40.0] 38.0 [37.0–39.0] 
Weight gain ( kg) , median [Q1–Q3] 11.4 [7–15] 10 [5.5–14] 11.5 [6.25–16.4] 14 [10–17] 
Cesarean section, n ( %) 34 ( 44.2) 20 ( 60.6) 9 ( 31.0) 5 ( 33.3) 
Baby’s weight ( g) , median [Q1–Q3] 2180 [2560–3430] 2615 [2057–3300] 3330 [3127–3677] 3255 [2935–3565] 
Centile, median [Q1–Q3] 47.3 [18.4–84.1] 18.9 [2.1–74.1] 60.4 [32.3–88.9] 61.9 [29–85.2] 
Baby’s sex: male, n ( %) 41 ( 53.2) 17 ( 51.1) 14 ( 48.3) 10 ( 66.6) 

a Occasional need. 

w  

n
w
o  

a  

p

w  

i  

T
a

M

T  

o
c
h
g
p

 

S
 

a  

T  

t  

A  

S
 

i  

o  

s  

p

T

T  

h  

r  

r  
ere not affected by referral week ( Table 1 ) . Women with
on-complicated pregnancies were significantly younger than 
omen whose pregnancies were complicated by PE-HELLP or 
ther conditions ( 29 vs 32 and 33 years, respectively; P < .01) ,
nd BMI was lower at baseline in non-complicated versus com-
licated pregnancies, albeit not significantly. 
Twenty-two of the 77 women ( 28.6%) had been diagnosed 

ith CKD during the follow-up after their previous PE; all were
n CKD G1, and none had kidney failure ( Supplementary Table 1) .
his proportion was non-significantly different in complicated 
nd non-complicated pregnancies. 

ain outcomes 

he index pregnancy was uneventful in 29 cases, recurrence was
bserved in 33 pregnancies, and 15 women experienced compli- 
ations, including isolated hypertension or worsening of chronic 
ypertension ( 10) , intrapartum hemorrhage ( 3) , and new-onset 
estational diabetes mellitus ( 3) ( one patient developed both hy- 
ertension and gestational diabetes) . 
Data on the three twin pregnancies are reported in
upplementary Table 2. 

Overall, 92.2% of the women in the study received low-dose
cetylsalicylic acid ( ASA) during the index pregnancy ( Table 2 ) .
he few patients who did not start ASA were referred after
he 16th GW, when the benefits of ASA are not demonstrated.
ll women had normal kidney function at referral ( Table 2 ,
upplementary Fig. 1) . 

As expected, delivery by cesarean section was more frequent
n women who experienced a recurrence than in the other
utcome groups, and the group with recurrence gave birth to
maller babies compared with women who had an uneventful
regnancy or developed other complications ( Table 2 ) .

iming of delivery and of recurrences 

he median gestational week at delivery was, as expected,
igher in non-complicated pregnancies than in the presence of
ecurrent PE-HELLP or other complications ( 39, 37, and 38 GW,
espectively) ( Fig. 2 ) . Of note, 60.6% of recurrences occurred after

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf070#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf070#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf070#supplementary-data
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Figure 2: Week of delivery in the index pregnancy according to pregnancy 
complications: preeclampsia or hemolysis, elevated liver enzymes and low 

platelet count ( PE-HELLP) , no complication ( NO_Comp) or other complications 

( OTHER_Comp) . 
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7 GW and 48.5% after 38 GW. No intrauterine deaths occurred in 
he index pregnancy. Overall, we observed an increase in GW at 
elivery in the index pregnancy compared with the previous one 
 Fig. 3 A) . In cases in which there was a recurrence, the median 
W at delivery was significantly higher ( 38 weeks) than in their 
revious complicated pregnancy ( 35 weeks) ( Tables 2 and 3 and 
ig. 3 B) . Previous complicated pregnancies were characterized by 
3 HELLP/intrauterine deaths, 53 PE and 1 isolated IUGR. Before 
he index pregnancy, 67.5% of women were already followed up 
n our outpatient clinic. 
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igure 3: Comparison between the week of delivery in the index pregnancy ( Ind
ecurrences ( B) . 
erum creatinine, uric acid, and sFLT1 to PlGF ratio 
uring pregnancy 

upplementary Figs 1 and 2 and Fig. 4 show the longitudinal pat- 
erns of serum creatinine, uric acid, and sFLT1 to PlGF ratio, re- 
pectively, during pregnancy. 

The trajectory of serum creatinine was quite flat in this popu- 
ation, suggesting a lack of decrease in serum creatinine in mid- 
regnancy in women who had already experienced a PE episode 
 Supplementary Fig. 1) . Uric acid patterns were likewise not dif- 
erent in the three groups ( Supplementary Fig. 2) . 

Conversely, although the sFLT1 to PlGF ratio increased at the 
nd of all pregnancies, the pattern differed in pregnancies with 
ecurrences, with earlier recurrences showing the highest values 
 Fig. 4 ) . 

redictors of recurrences 

n the logistic regression analyzing the outcome of PE in the in-
ex pregnancy, the two covariates significantly associated with 
he risk of a recurrence were baseline hypertension and the 
irth of a baby below the 10th centile in the previous pregnancy 
 Table 4 ) . Cox analysis on time to event confirmed a significant
ole of baseline hypertension and of age at the start of pregnancy 
n predicting a shorter duration of pregnancy, while centile and 
KD did not reach statistical significance ( Table 5 ) . 

ISCUSSION 

E is a well-acknowledged risk factor for having or developing 
KD, and recurrent PE is associated with an even higher inci- 
ence of kidney failure during the patient’s lifetime [7 ]. Ded- 
cated multidisciplinary follow-up is advocated by some ex- 
erts and scientific societies, but seldom performed [20 ]. Hence,
he present study offers some insights into the results of pilot 
ultidisciplinary obstetric–nephrology management, character- 

zed by a longitudinal follow-up in nephrology of women who 
B
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ex) and the previous pregnancy ( Previous) in the overall cohort ( A) and in 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf070#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf070#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf070#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf070#supplementary-data
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Table 3: Main outcomes of the previous pregnancies in women with singleton deliveries divided into three groups defined by the occurrence 
of pregnancy complications ( PE/HELLP, non-complicated, other complications) . 

All cases ( n = 77) 

Recurrence of 
PE—HELLP 
( n = 33) 

Non-complicated 
( n = 29) 

Other 
complications 

( n = 15) 

Week of delivery in the previous complicated 
pregnancy, median [Q1–Q3] a 

35.0 [30.0–38.0] 
( missing: 4) 

35.0 [27.5–38.0] 35.0 [31.5–37.0] 
( missing: 1) 

35.0 [30–39.0] 
( missing: 3) 

Week < 28, n ( %) 10 ( 14.5) 8 ( 24.2) 2 ( 8.3) 0 ( -) 
Week < 32, n ( %) 19 ( 27.5) 12 ( 36.4) 6 ( 25.0) 1 ( 8,3) 
Week < 37, n ( %) 37 ( 53.6) 20 ( 60.6) 14 ( 58.3) 3 ( 25) 

Baby’s weight in the previous complicated 
pregnancy ( g) , median [Q1–Q3] a 

2480.0 
[1425.0–3145.0] 
( missing: 1) 

1927 
[902.5–3048.7] 
( missing: 1) 

2480.0 
[1615.0–3055.0] 

2952.2 
[2250.0–3583.7] 

Intrauterine death in the previous complicated 
pregnancy, n ( %) 

7 ( 10.1) 0 ( –) 4 ( 12.5) 3 ( 20.0) 

Centile in the previous complicated pregnancy, 
median [Q1–Q3] a 

18.9 [1.3–59.1] 
( missing: 5) 

12.4 [0.2–68.7] 
( missing: 1) 

24.8 [5.4–55.2] 
( missing: 1) 

17.9 [7.6–77.3] 
( missing: 3) 

a Excluding missing data. 
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Figure 4: sFLT1 to PlGF ratio trend based on pregnancy complications: preeclampsia or hemolysis, elevated liver enzymes and low platelet count ( PE-HELLP) , no 
complication ( NO_Comp) or other complications ( OTHER_Comp) . 
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xperienced an episode of PE, who are followed up whenever
ossible since the start of pregnancy with the same protocols
hat are used in CKD G1 [20 ]. 

In the context of expectant management in the obstetric 
etting, the first issue was that, despite intensive follow-up in
ephrology ( including timely start of ASA treatment, nutritional 
anagement, correction of vitamin deficits, and treatment of 
ypertension) , the recurrence rate was high: 43% of the cases.
urthermore, 19.5% of the remaining pregnancies experienced 
ther pregnancy-related complications and only 38% were non-
omplicated.

We can only speculate on the reasons why this prevalence is
igher than the one reported in the largest meta-analysis [17 –
8 ]. While follow-up after a PE episode was offered to all women
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Table 4: Multivariable regression analysis for the outcome recurrence of PE. 

95% CI 

OR Lower Higher P -value 

Age at beginning of index pregnancy 1.114 0.997 1 .264 .070 
BMI ( ≥30 kg/m2 ) at beginning of index pregnancy 1.187 0.356 3 .917 .776 
Presence of chronic hypertension before index pregnancy ( yes) 7.662 2.122 33 .379 .003 
Diagnosis of CKD after previous complicated pregnancy ( yes) 1.321 0.370 4 .795 .666 
Week of delivery in previous complicated pregnancy ( ≥35) a 0.546 0.139 1 .979 .365 
Baby’s centile in previous complicated pregnancy ( < 10th) 7.049 1.566 41 .027 .018 

OR, odds ratio; CI, confidence interval. 
Values written in bold achieved statistical significance. 
a Dichotomization was performed at 35 GW, median GW in the previous complicated pregnancy. 

Table 5: Cox proportional hazards model for the outcome shorter duration of pregnancy. 

95% CI 

HR Lower Higher P -value 

Age at beginning of index pregnancy 1.086 1.025 1.150 .005 
BMI ( ≥30 kg/m2 ) at beginning of index pregnancy 0.958 0.555 1.654 .878 
Presence of chronic hypertension before index pregnancy ( yes) 2.103 1.218 3.629 .008 
Diagnosis of CKD after previous complicated pregnancy ( yes) 1.735 0.935 3.221 .081 
Week of delivery in previous complicated pregnancy ( ≥35) a 1.005 0.562 1.796 .987 
Baby’s centile in previous complicated pregnancy ( < 10th) 1.835 0.962 3.499 .065 

HR, hazard ratio; CI, confidence interval. 
Values written in bold achieved statistical significance. 
a Dichotomization was performed at 35 GW, median GW in the previous complicated pregnancy. 
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n our setting, the prevalence of pre-term PE was higher than 
n the analysis ( in our series the previous delivery was at a me- 
ian of 35 GW, whereas > 75% of previous episodes in the largest 
eta-analysis occurred after 37 GW) . This difference is an indi- 
ation of a negative selection bias that may be due both to the 
eferral pattern in our tertiary care center and to the fact that 
omen who experience a severe disease more often decide to 
ndergo follow-up. In fact, our data are in line with smaller se- 
ies selected on the basis of a severe previous PE episode [45 –
7 ]. Furthermore, milder, late PE cases might have been over- 
ooked if clinical surveillance was less rigorous. Of note, most 
f the previous series were reported before aspirin use became 
he standard of care for PE prevention [48 ]. We were not able to 
ompare data of women followed up in our unit with those of 
omen who did not undergo this follow-up. Indeed, while ran- 
omization was not proposed for ethical reasons, since women 
hould be systematically offered follow-up in our area, by means 
f the follow-up program which was agreed and is free of charge,
hoosing those who were not followed would have introduced a 
eferral and probably also bias. Hence, acknowledging these lim- 
ts, we compared the outcomes of the pregnancy followed up in 
ur unit ( index pregnancy) with the outcomes in the previous 
regnancy ( the one that led to referral to or unit) . 
The second issue is risk factors. In previous studies, obesity,

verweight, being black, having chronic hypertension, and hav- 
ng had an early and severe PE episode, or more than one PE 
pisode were associated with recurrences [18 , 49 –53 ]. We were 
nly able to confirm a role for baseline hypertension and for 
evere previous PE ( indicated by the birth of a baby below the 
0th centile) in our series. However, the high prevalence of over- 
eight and obesity and of early delivery in the previous preg- 
ancy may have offset differences [54 ]. Furthermore, we should 
eep in mind the limitation of the relatively low number of cases,
hich may have been insufficient to highlight smaller but rele- 
ant differences in outcomes. 

In this context, in the setting of a relatively high prevalence 
f initial CKD stages, diagnosed after the episode of PE that led to
tarting follow-up in our unit, the diagnosis of which would most 
robably have been missed in the absence of a dedicated diag- 
ostic pathway, the presence of CKD was not associated with a 
igher risk of recurrence of PE. Of note, all cases were in early
KD stage, without kidney failure, and were often diagnosed by 
maging ( Supplementary Table 1) . In fact, due to the changes oc- 
urring during pregnancy, eGFR is not the most reliable marker 
o diagnose CKD during gestation [55 ]. While CKD remains an 
cknowledged risk factor for PE, our data suggest that the pres- 
nce of a previous PE may be more important in determining the 
ecurrence rate than early CKD itself. 

As a third point, the longitudinal analysis of biochemical 
ata suggests that the expected reduction in serum creatinine 
uring pregnancy is seldom observed, suggesting that the re- 
al response to pregnancy may be blunted in women having 
xperienced an episode of PE; the trajectories are similar in pa- 
ients with and without complications ( Supplementary Fig. 1) .
hether this lack of mid-term hyperfiltration is the cause or 

he effect of the previous PE episode remains to be established.
he same pattern holds true for uric acid ( Supplementary Fig. 2) .
onversely, the trajectory of the Sflt1/PlGF ratio may have po- 
ential interest in the longitudinal follow-up ( Fig. 4 ) , a novelty 
ssociated with our study. 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf070#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf070#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf070#supplementary-data
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The last issue is that > 60% of the recurrences, in this co-
ort characterized by high prevalence of pre-term PE and high
ecurrence rate, occurred after 37 GW and 48% after 38 GW
 Fig. 3 ) . A history of PE is not considered an indication for fa-
oring early-term delivery, unlike other conditions, such as pre- 
xisting or poorly controlled diabetes. While inducing elective 
arly-term delivery may increase the incidence of cesarean sec- 
ions, it could reduce the long-term kidney damage extensively 
eported in women with recurrent PE and HDP episodes. Further
arger studies are needed to test this hypothesis. 

As previously mentioned, the limits of our study are the rel-
tively small number of patients included, potentially too few 

o allow relevant clinical differences to reach statistical signif- 
cance, and the single-center setting. The negative selection of 
he patients, with a high incidence of preterm delivery in the
revious pregnancy, may be both a limit, as this series may be
ess representative of all PE episodes, and a strength, as it seems
o show that women that seek nephrology follow-up encompass 
 high-risk group needing dedicated commitment. 

The lack of a control group not exposed to the intensive
ollow-up herein described is another limitation, as discussed 
bove. This limitation does not allow us to conclude that the
trict follow-up was the main reason for the better pregnancy- 
elated outcomes, and allows us only to describe the results as
n association. 

Within its limits, our study has the merit of reporting on
ne of the few experiences in multidisciplinary kidney-oriented 
ollow-up of women after an episode of PE, and the strength of
omogeneous follow-up. We report it as a hypothesis genera- 
or, and as evidence of the feasibility of multidisciplinary care to
mprove kidney health and the overall health of women experi-
ncing HDP. 

In conclusion, in this cohort of women mainly affected by
re-term PE, and referred for a conjoint nephrology and obstet-
ic follow-up, the recurrence rate of PE was high ( > 40%) . Re-
urrences were, however, delayed with respect to the previous 
pisode, and mainly occurred at term, thus raising the question
f whether a different approach to delivery, once the term of
7 weeks is reached, can help to preserve long-term mater- 
al kidney health. The benefit of a multidisciplinary follow-up 
n high-risk pregnancy should be further investigated in larger 
tudies comprising women under routine care. 
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