Updates in diagnosis and management of pre-eclampsia in women with chronic kidney disease
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Abstract

It is estimated that women with chronic kidney disease (CKD) are 10 times more likely to develop pre-eclampsia than women without CKD, with pre-eclampsia affecting up to 40% of pregnancies in women with CKD. However, the shared phenotype of hypertension, proteinuria and impaired excretory kidney function complicates the diagnosis of superimposed pre-eclampsia in women with chronic kidney disease who have hypertension and/or proteinuria which predate pregnancy. This article outlines the diagnoses of pre-eclampsia and superimposed pre-eclampsia. It discusses the pathogenesis of pre-eclampsia including abnormal placentation and angiogenic dysfunction. The clinical use of angiogenic markers as diagnostic adjuncts for women with suspected pre-eclampsia is described, and the limited data on the use of these markers in women with chronic kidney disease are presented. The role of kidney biopsy in pregnancy is examined. The management of pre-eclampsia is outlined including important advances and controversies in aspirin prophylaxis, blood pressure treatment targets, and the timing of delivery. 

Definitions of pre-eclampsia 

Pre-eclampsia is a multi-system disorder that affects 3-5% of pregnancies (1). It is a clinical diagnosis characterised by endothelial dysfunction after 20 weeks’ gestation leading to systemic features, which are non-specific in isolation. There is consensus that new onset hypertension is an essential diagnostic feature (2,3). In the absence of other features, this is termed gestational hypertension. In the presence of additional endothelial dysfunction including proteinuria, maternal organ impairment or uteroplacental dysfunction, a diagnosis of pre-eclampsia is made (Table 1). Haemolysis, elevated liver enzymes, low platelet (HELLP) syndrome is a severe variant of pre-eclampsia. However, traditional sub-classification of ‘severe pre-eclampsia’ is misleading due to the potential for rapid deterioration across the disease spectrum. The terminology ‘pre-eclampsia with or without severe features’ is now preferentially used (2). 

Meta-analysis and contemporary cohort data show that women with chronic kidney disease (CKD) have ten times the risk of pre-eclampsia compared to women without CKD. Pre-eclampsia occurs in up to 40% of pregnancies in women with CKD, with an increment in risk with increasing pre-pregnancy CKD stage (4,5). However, epidemiological data are limited in the absence of defined diagnostic criteria for women with pre-pregnancy hypertension and/or proteinuria. Physiological adaptations of pregnancy include a fall in blood pressure, with a nadir in the second trimester, before rising again towards term (6). There is also gestational increase in proteinuria due to physiological hyperfiltration and change in glomerular pore size (7,8). Relative increases in blood pressure and proteinuria during pregnancy are therefore insufficient in isolation for diagnosis (2). In a recent cohort study, standard diagnostic criteria for pre-eclampsia could not be used in 75% (45/60) women with CKD (9). Modifications of diagnostic criteria for women with CKD are detailed in Table 1. 

Table 1: Diagnostic criteria for pre-eclampsia: diagnosis requires one essential and one additional clinical feature for diagnosis. Adapted from (3) and (2) *= severe features, a= from (2), b= from (3).
ALT=serum alanine transferase, AST=serum aspartate transferase, BP=blood pressure, CKD=chronic kidney disease, UPCR=urinary protein:creatinine ratio, UACR = urinary albumin:creatinine ratio

	Diagnostic criteria
	Pre-eclampsia 
	Pre-eclampsia in women with CKD

	Essential 

	>20 weeks’ gestation

	
	New hypertension: systolic BP ≥140mmHg or diastolic BP ≥90mmHg on 2 occasions

	Hypertension: 
· In women without chronic hypertension: as for pre-eclampsia
· In women with chronic hypertension: no diagnostic threshold
· De novo severe BP (systolic BP>160 or diastolic BP >110mmHg) or an increase in treatment to maintain BP <160/110mmgHg used in research cohorts (5,9)

	Additional 
	Proteinuria:
· UPCR ≥0.3 mg/mg (>30mg/mmol)
· >300mg/24 hour (not indicated if UPCR available)
· Dipstick >2+ (if other methods unavailable)
· UACR >70 mg/g (>8mg/mmol) awaiting further validation (10)
	Proteinuria:
· In women with non-proteinuric CKD: as for pre-eclampsia
· In women with proteinuric CKD: no diagnostic threshold
· >100% increase and UPCR ≥0.3mg/mg (>30mg/mmol) used in research cohorts (5,9) 

	
	Serum creatinine:
· Serum creatinine >1.0a to 1.1bmg/dL*
· Doubling of serum creatinine below 1.1mg/dLb*

	Serum creatinine:
· In women with CKD and preserved excretory function: as for pre-eclampsia
· In women with CKD and abnormal pre—pregnancy function: no consensus on diagnostic threshold for change in creatinine, >50% increase within 7 days used in research cohorts (5)

	
	Haematological complications: 
· platelets <100b-150a x109/L*
· haemolysis*, disseminated intravascular coagulation*

	
	Liver complications: 
· AST or ALT >40 IU/La or double normal reference limitb*
· epigastric/right upper quadrant pain (not attributable to alternate diagnosis)*

	
	Neurological complications:
· eclampsia*
· altered mental status*
· blindness, persistent visual scotomata*
· stroke*
· clonus
· new onset headache not attributable to alternate diagnosis*

	
	Respiratory complications:
· pulmonary oedema*

	
	Uteroplacental dysfunction:
· Fetal growth restriction, abnormal umbilical artery Doppler waveform, stillbirth



The role of the placenta 

The placenta is a vascular organ containing 550km of capillaries (11). A complex process including stimulation by pro-angiogenic factors and regulation by anti-angiogenic factors regulates the vasculogenesis required for normal placental function. Placental growth factor (PlGF) stimulates endothelial cell activation and angiogenesis by binding to a membrane-anchored receptor, fms-like tyrosine kinase 1 (Flt-1). PlGF concentrations rise with maturation of uteroplacental vessels in the second trimester, with peak concentrations at approximately 30 weeks’ (12) (Figure 1). 

Figure 1. Circulating PlGF concentrations gradually increase during pregnancy to reach a peak at ~30 weeks’ gestation coinciding with non-branching angiogenesis of feto-placental vessels and maturation of the utero-placental circulation. 
Adapted from (13). PlGF concentrations (log scale) are based on median values using the Triage® PlGF test (Alere, San Diego, USA) from (12).
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PlGF also binds to a circulating receptor, soluble FLTt-1 (sFlt-1). sFlt-1 has anti-angiogenic properties: reducing PlGF bioavailability, increasing endothelial sensitivity to inflammatory cytokines (14) and causing vasoconstriction via a reduction in nitric oxide (15). Placental sFlt-1 concentrations rise throughout normal pregnancy and a decrease in PlGF production from the senescent placenta, in conjunction with binding by sFlt-1, is thought to trigger delivery at term. The gestational balance between angiogenic and anti-angiogenic factors is fundamental to normal placental function, and by default, pre-eclampsia pathophysiology. 

Pre-eclampsia and angiogenesis

The pathogenesis of pre-eclampsia is a multistage process, initiated by disordered placental implantation. Small studies of placental bed biopsies demonstrate defective trophoblast invasion and impaired spiral artery remodelling (16), hypothesised to be due to a failure of maternal immune tolerance (17). Historically, the disease was considered to be silent until the clinical syndrome of pre-eclampsia developed in the latter half of pregnancy. However, new data demonstrate that impaired placentation leads to a dysfunctional uteroplacental circulation, which releases inflammatory cytokines and anti-angiogenic factors into the maternal circulation (15). An abnormal balance between angiogenic (PlGF) and antiangiogenic (sFlt-1) factors is therefore quantifiable before the clinical syndrome manifests. 

Women with pre-eclampsia have lower PlGF (18) and higher sFlt-1 concentrations (19) compared to pregnant women without pre-eclampsia. Following evaluation through prospective cohort studies (20), and a randomised controlled trial (21), PlGF based testing is now recommended as a diagnostic adjunct in women with suspected pre-eclampsia, with PlGF and sFlt-1 testing to be fast-tracked for clinical use in the UK in 2020 (22)(Table 2).

Table 2: Angiogenic markers used in the prediction and diagnosis of pre-eclampsia in singleton pregnancies in general obstetric cohorts. 
Adapted from (23).
* or another form of placental insufficiency e.g. fetal growth restriction. 
PlGF = placental growth factor, sFlt-1 = soluble fms-like tyrosine kinase receptor 1
	Angiogenic marker
	Gestation used
	Unlikely to develop pre-eclampsia* in the next week
	At risk of developing pre-eclampsia* within 1-4 weeks’
	Assess as pre-eclampsia* 

	PlGF
(Triage, Alere/Quidel)
	20 to <37 weeks’
	>100pg/ml
	12-100pg/ml
	<12pg/ml

	Ratio sFLT-1:PlGF (Elecsys, Roche)
	24 to <34 weeks’
	<38
	38-85
	>85



A PlGF concentration lower than 100pg/ml before 35 weeks’ gestation has been shown to rule out the need for delivery due to pre-eclampsia within the next two weeks with 98% probability in a general obstetric population, with better predictive power than other clinical parameters including blood pressure, transaminitis and dipstick proteinuria (20). Although this cohort included 19/287 (7.1%) women with CKD, median and interquartile ranges for serum creatinine were 0.58mg/dL and 0.50-0.70mg/dL respectively. More recently, a randomised controlled trial of revealed versus concealed PlGF testing was shown to reduce the time to diagnosis and maternal adverse event rate, with no difference in perinatal outcomes (21), at a cost saving of £149 ($190) per patient compared to usual surveillance, including the test cost of £70 ($90) (24). Only 4% of women in this trial had CKD. 

When PlGF was combined with sFlt-1 to generate a ratio of sFlt-1:PlGF, a value lower than 38 had a negative predictive value of 99% for the development of pre-eclampsia within one week, and 95% for the next 4 weeks in a cohort presenting with suspected disease (25).  However, the proportion of women with CKD was not described and only 1% (12/1050) had pre-existing proteinuria. Similarly, CKD prevalence was not reported in the cohort used to establish the threshold of 85 for sFlt-1:PlGF (26). 

Pre-eclampsia encompasses a spectrum of disease including early and late forms, requiring delivery before or after 34 weeks’ respectively. Early-onset pre-eclampsia, which typically has fetal involvement, is driven by placental pathology, evidenced by angiogenic imbalance. However, at later gestations, angiogenic dysregulation is less pronounced (27), not exhibited by all women (28–30), with reduced accuracy of angiogenic markers (25). Thus, late pre-eclampsia is proposed to be due to imbalance between placental perfusion and metabolic demand, rather than angiogenic dysfunction. This occurs in the absence of fetal growth restriction, and is exacerbated by a predisposition to metabolic and cardiovascular disease (31). When there is pre-existing endothelial dysfunction such as CKD, the physiological stress-test of pregnancy may therefore be sufficient for development of pre-eclampsia in the absence of substantial angiogenic dysregulation (32) (Figure 2).
Figure 2: Threshold model of disease in women with (red) and without (blue) CKD. 
Physiological changes in angiogenesis at the end of pregnancy trigger delivery, but do not manifest as clinical pre-eclampsia in women without CKD (blue line). Women with CKD can manifest pre-eclampsia without significant angiogenic dysfunction (red line) as endothelial dysfunction due to CKD places them closer to the threshold for clinical disease (i.e. hypertension, albuminuria, reduced kidney function). Women with and without CKD who have an abnormal placenta resulting in pathological angiogenic dysfunction (dash) can both develop pregnancy-related disease (pre-eclampsia or fetal growth restriction). Women without CKD who develop pre-eclampsia are more likely to have cardiovascular and kidney disease later in life. Adapted from (33). 
CKD=chronic kidney disease
[image: Macintosh HD:Users:KateWiles:Desktop:Threshold of disease:Slide1.jpg]



Pre-eclampsia and the kidney

Pathological mechanisms
The relationship between pre-eclampsia and CKD is manifest by a shared phenotype of hypertension, proteinuria, impaired excretory kidney function and increased cardiovascular risk (34,35); an increased incidence of pre-eclampsia in women with previous acute kidney injury (36) and underlying kidney disease (37); and an elevated lifetime risk of CKD in women with pre-eclampsia (38–41). Endothelial dysfunction is a common pathophysiological mechanism underlying both pre-eclampsia and CKD. Putative pathological mechanisms contributing to endothelial dysfunction include altered angiogenesis, renin-angiotensin system (RAS) activation, complement activation and podocyte loss (Figure 3). 



[image: Description: Macintosh HD:Users:KateWiles:Desktop:PET and CKD for CJASN:Slide1.jpg]
Figure 3: The relationship between CKD and pre-eclampsia with a shared phenotype of endothelial dysfunction, including chronic hypertension and proteinuria. CKD increases the risk adverse pregnancy outcomes, and pre-eclampsia is associated with an increased risk of chronic kidney disease, including end-stage kidney failure. Common pathophysiological mechanisms include endothelial and angiogenic dysfunction, podocyte loss, complement activation and renin-angiotensin system (RAS) activation. 
CV=cardiovascular, RAS=renin-angiotensin system. 

Affecting 3-5% of pregnancies, pre-eclampsia is a highly prevalent cause of glomerular disease, diagnosed and managed in the majority of cases without a nephrologist. Although there are pathognomonic glomerular changes in pre-eclampsia, diagnosis is made clinically and kidney biopsy is not indicated. 

When kidney biopsy has been performed for historical or research purposes, the predominant change is increased glomerular volume and endothelial cell swelling (endotheliosis), leading to narrowing and occlusion of glomerular capillaries. Although mild endotheliosis has been described in normal pregnancies, mesangial interposition distinguishes hypertensive women (42). Duplication of the glomerular basement membrane may be evident in severe disease. Arteriolar thrombosis is unusual and warrants exclusion of non-pre-eclamptic thrombotic microangiopathy. Prominent podocytes with vacuolisation and endocapillary foam cells are non-specific in proteinuria, although foot process effacement is limited suggesting an alternative mechanism for proteinuria in pre-eclampsia. Fibrin deposition may be prominent, with low-level immunoglobulin staining due to non-immune mediated accumulation. Electron-dense deposits are not a feature of pre-eclampsia and warrant exclusion of an immune-mediated glomerulonephritis (34,43).

Kidney conditions presenting in pregnancy may mimic normal gestational physiology and pre-eclampsia (Table 3). Kidney biopsy may be indicated for the diagnosis of new or recurrent kidney disease. The risks of kidney biopsy are higher in pregnancy (7%) than outside of pregnancy (1%), with meta-analysis data showing peak bleeding risk at 23-26 weeks’ (44). Recent guidelines advocate kidney biopsy is considered in the first and early second trimester, only when histological diagnosis will change management (45). The timescale for post-partum resolution of pre-eclampsia is debated. Expert consensus recommends nephrology review for persistent proteinuria at 3-6 months to exclude underlying CKD. However, histological changes in the kidney may still be evident 18 months post-partum (46), with regression of proteinuria for up to 2 years (47). 

Table 3: Phenotype similarities and distinguishers between normal pregnancy, pre-eclampsia/HELLP and kidney disease presenting in pregnancy.
BP=blood pressure, dsDNA=double stranded DNA, ESR=erythrocyte sedimentation rate, HELLP=haemolysis, elevated liver enzymes, low platelets, T1=first trimester, T3=third trimester, UPCR=urinary protein:creatinine ratio
	Features
	Normal pregnancy
	Pre-eclampsia
/HELLP
	Lupus nephritis
	Atypical HUS

	Gestation
	All
	>20 weeks’
	Any
	Typically peri/post-partum

	Skin changes/rash
	+
	-
	+
	-

	Hair loss
	+
	-
	+
	-

	Oedema
	+
	++
	+
	+

	Hypertension (BP>140/90mmHg)
	-
	++
	+
	+

	UPCR ≥0.3mg/mg (>30mg/mmol)
	-
	+
	+
	+

	Haematuria
	Trace
	-
	+
	-/+

	Anaemia
	+
	+
	+
	-/+

	Thrombocytopenia (<100x109/l)
	-
	+
	+
	++

	Haemolysis
	-
	+
improves 48- 72 hours post delivery
	Rare
	++
persists >72 hours after delivery

	Serum creatinine
	in T1, in T3
	
	
	

	Transaminitis
	No
	Yes
	No
	No

	ESR
	
	-
	
	

	dsDNA
	
	
	
	

	Complement
	Can 
	
	 (within normal range)
	



Superimposed pre-eclampsia 

Diagnosis
There is no consensus in terminology for pre-eclampsia with underlying conditions. Superimposed pre-eclampsia is most commonly used to describe pre-eclampsia in women with chronic hypertension. Chronic hypertension is prevalent in pregnant women with CKD with rates in contemporary cohorts of 27-40% (37), and is an independent risk factor for adverse pregnancy outcome (48). Similarly, proteinuria has been associated with accelerated loss of maternal kidney function in a small cohort of women with CKD (49). This heterogeneity within CKD is often not considered, with confounding by chronic hypertension and proteinuria accounted for in the minority of studies (4). This prevents an independent assessment of the risk associated with abnormal kidney function from that due to chronic hypertension and/or proteinuria. Superimposed pre-eclampsia remains an inadequate term for women with CKD including pre-eclampsia with abnormal kidney function, and/or chronic hypertension, and/or proteinuria, or any combination of features. 

Evaluation of angiogenic profiling in CKD is warranted as a potential aid in distinguishing gestational physiology, de novo and recurrent CKD and superimposed pre-eclampsia, yet published data remain limited. The sFlt-1:PlGF ratio distinguishes CKD (in the absence of pre-eclampsia) from pre-eclampsia (in the absence of CKD) (50), although this does not aid the diagnosis of superimposed pre-eclampsia. In two cohorts with chronic glomerulonephritis, lower PlGF and higher sFlt-1 concentrations were demonstrated in superimposed pre-eclampsia compared to proteinuria in the absence of hypertension and CKD with a normal pregnancy course, although these studies included only  five (51) and ten (52) women with superimposed pre-eclampsia. Bramham et al. demonstrated diagnostic accuracy for angiogenic markers in superimposed pre-eclampsia in a mixed cohort of 165 women with chronic hypertension or CKD or both (5). The sensitivity, specificity, and positive and negative predictive values of PlGF concentrations below 5th centile (100pg/ml) for predicting delivery within two weeks were 90%, 80%, 47% and 98% respectively in CKD (n=28), although these data included only eight women with superimposed pre-eclampsia. 

PlGF is eliminated by the kidney (53), yet published data are insufficient to assess whether reduced kidney clearance affects the diagnostic and/or predictive capacity of PlGF and sFlt-1:PlGF ratios. In the cohorts of Masuyama et al., less angiogenic dysfunction was seen with worsening kidney function, although numbers were small (51,52). In the larger cohort study by Bramham et al., women with CKD had a median serum creatinine of 0.80mg/dL (IQR: 0.57-1.33mg/dL), thereby preventing assessment of diagnostic performance in advanced kidney dysfunction (5). Pre-existing endothelial dysfunction may also mean that pre-eclampsia can present with less angiogenic dysfunction (i.e. at a higher PlGF concentration) in women with CKD (Figure 2). 

Plasma hyaluronan and vascular cell adhesion molecule-1 concentrations are alternative markers of endothelial dysfunction, distinguishing superimposed pre-eclampsia (n=15) from pregnancy with CKD in the absence of pre-eclampsia (n=45) (9), and further validation is warranted. Despite mechanistic plausibility, biomarkers of complement, renin-angiotensin system, kidney injury and cardiac function have failed to demonstrate diagnostic discrimination of superimposed pre-eclampsia in CKD (5,9).

Management of pre-eclampsia in women with CKD

Aspirin
Originally trialled due to a hypothesis that prostacyclin and thromboxane A2 metabolism were involved in pathogenesis, low-dose aspirin has been shown to reduce the risk of pre-eclampsia in systematic review and meta-analysis of large cohorts (54–57). Prophylactic use of low-dose aspirin in CKD is extrapolated from general obstetric cohort data. 

The optimum gestation at which aspirin should be commenced is ambiguous with meta-analysis data suggesting (57) and refuting (56) improved outcomes with commencement prior to 16 weeks’ gestation. Current guidelines advise use from 12 weeks’ in women with CKD (58). The ethics of medication exposure during fetal organogenesis mean that safety data are limited for all drugs prior to 12 weeks’. However there is no evidence that aspirin is teratogenic and low dose aspirin in not withheld before 12 weeks’ in women with an indication for treatment.

Optimal aspirin dose is also unclear with 75-81mg most commonly prescribed in the UK and US. Meta-analysis data demonstrate no benefit in prevention of pre-eclampsia at 60mg, with most benefit evident at 100mg (57), which is not available in UK. A recent randomised controlled trial demonstrated a 62% reduction in preterm pre-eclampsia in women taking 150mg aspirin from 11-14 weeks’ compared to placebo, with no increase in adverse events, including kidney injury (59). Despite absence of data comparing doses of 75-81mg with 150mg, this trial has been sufficient for many clinicians to switch to 150mg for pre-eclampsia prophylaxis. It is noteworthy that in a secondary analysis, no reduction in pre-eclampsia was seen in women with chronic hypertension (60), although it is not clear whether this is a true phenomenon or reflects the challenge of diagnosing pre-eclampsia in women with chronic hypertension. Number of women with CKD was not reported and the benefits and risks of 150mg of aspirin in women with CKD remain unknown. 

Management of blood pressure 
Historical guidance avoided strict blood pressure control in pregnancy due to theoretical concerns that treatment compromised the fetal circulation. A randomised controlled trial of ‘tight’ (target diastolic 85mmHg) with ‘less tight’ (100mmHg) blood pressure control in pregnancy was designed to address this. Although achieved blood pressure differences between groups were less than intended (139/90mmHg versus 133/85mmHg), tighter control was associated with a reduction in the incidence of severe maternal hypertension (28% versus 41%) (61), with secondary analysis showing that severe hypertension was associated with an increased risk of adverse maternal and fetal outcomes in women with less tight control (62). A recent systematic review including 59 trials and 4,723 pregnant women with blood pressures between 140-169/90-109mmHg demonstrated that antihypertensive treatment halved the risk of severe maternal hypertension, with no adverse effects on maternal and fetal outcomes (63). 

In 2019, guidance on hypertension in pregnancy was updated in both the UK and US. In the UK, evidence of a reduction in severe maternal hypertension, in the absence of adverse fetal and neonatal consequences, was sufficient to reduce the recommended treatment threshold from 150/100mmHg to 140/90mmHg (64). In contrast, a reduction in severe maternal hypertension was insufficient to change US guidance in the absence of a measurable benefit on maternal outcome. Treatment thresholds in the US are 160/110mmHg for women with gestational hypertension or pre-eclampsia, and 150/100mmHg in women with end-organ damage, both higher than recommendations outside of pregnancy (65). There are insufficient data to determine the risks and benefits of specific blood pressure targets for pregnant women with CKD. Recent expert consensus for women with CKD is the treatment of gestational blood pressures greater than 140/90mmHg, aiming for a target of 135/85mmHg or below, with antihypertensive treatment withdrawn only if blood pressures are consistently less than 110/70mmHg (45). 

The choice of antihypertensive agent in pregnancy is likely to be determined by licensing, availability and clinician experience, with no high-level evidence to guide prescribing (58,66). Labetalol, nifedipine and methyldopa are all considered safe for use in pregnancy. Fewer safety data are available for amlodipine and doxazosin, although no adverse fetal effects are reported (45). Angiotensin-converting enzyme inhibitors and angiotensin receptor antagonists are contraindicated due to fetotoxicity in second and third trimesters. 

Peripartum management
Intravascular volume contraction with extracellular fluid overload complicates assessment of fluid status in pre-eclampsia. Capillary leak, reduced plasma oncotic pressure, and variable cardiac output contribute to a risk of pulmonary oedema (67,68), with has associated maternal morbidity and mortality. In the absence of other haemodynamic insults (e.g. haemorrhage, sepsis) fluid intake should be restricted to insensible losses (30ml/hour) plus anticipated urinary losses (0.5ml/kg/hour), limiting intake to less than 85-100ml/hour to avoid the risk of pulmonary oedema (2,58). There is no role for diuretics in the prevention of pre-eclampsia (69), although they may be required for symptomatic fluid overload. 

Intravenous magnesium sulfate is indicated in the treatment of eclampsia, for eclampsia prophylaxis in pre-eclampsia with severe features and anticipated delivery within 24 hours, and for fetal neuroprotection when delivery occurs before 34 weeks’ (3,58). In women with reduced kidney function, a loading dose of 4g can be given but maintenance treatment, which is continued for 24 hours, should be reduced from 1g/hour to 0.5g/hour, or withheld in severe kidney disease/injury. Although there is poor correlation between serum concentrations and clinical toxicity, monitoring is advocated in women with kidney dysfunction, and treatment stopped if concentrations are above 3.7mmol/L (9mg/dL) (3). 

[bookmark: _GoBack]Timing of delivery in pre-eclampsia balances the risks of maternal and fetal morbidity against those of prematurity. For pre-eclampsia presenting after 37 weeks’, delivery is indicated. Prior to 34 weeks’, it is usual to attempt expectant management in order to reduce neonatal morbidity associated with preterm delivery. Decision-making between those gestations was aided by a recent trial in which women with pre-eclampsia at 34-37 weeks’ were randomised to expectant management or planned delivery. Planned delivery was associated with reduced maternal morbidity, with three-quarters of expectantly managed women progressing to severe pre-eclampsia. Although neonatal admission was higher in those with planned delivery, this occurred without excess neonatal morbidity (70). Women with CKD, including those with kidney transplants, can have a vaginal delivery. 

Post-partum
Pre-eclampsia is associated with an increased lifetime risk of kidney disease (38,39,41,71). However, data on the impact of superimposed pre-eclampsia on future kidney health in CKD are scarce, with heterogeneity of cohort size and kidney disease aetiology, variable definitions of superimposed pre-eclampsia, and the limitations of a binary diagnosis that does not consider severity of pre-eclampsia or CKD. Women with CKD and superimposed pre-eclampsia require close post-partum follow-up of blood pressure and kidney function, with stabilisation and optimisation of kidney function prior to a future pregnancy. The therapeutic value of renin-angiotensin inhibition in the post-partum regression of proteinuria after pre-eclampsia is unknown. Safety data for angiotensin converting enzyme inhibitor use in lactation are limited to isolated cases and small case series of women taking enalapril (n=5) (72) and captopril (n=11) (73). 

Future treatments
The pathogenic role of angiogenic dysfunction in pre-eclampsia has led to a focus on targeted therapies that either increase PlGF or block the action of s-Flt1. Animal models include therapeutic provision of vascular growth factors (74) and antagonism of sFlt-1 (75). sFlt-1 is positively charged and can be selectively removed by apheresis. This technique was described in 11 women with pre-term pre-eclampsia, leading to a reduction in sFlt-1 concentrations, and an increase in gestation by eight days after one treatment and 15 days following multiple treatments, compared to three days in untreated women (76). A proof-of-concept trial is underway examining safety, dosing and efficacy of sFlt-1 apheresis (ClinicalTrials.gov identifier: NCT02923206). 

Conclusions
Pre-eclampsia is a disease of placentation, which leads to a dysfunctional balance between angiogenic (PlGF) and antiangiogenic (sFlt-1) proteins that is measurable prior to clinical presentation. Quantification of PlGF concentrations or sFlt-1:PlGF ratio is now recommended as a diagnostic adjunct in the general obstetric population.

Pre-eclampsia and CKD have a shared phenotype and diagnosis is complicated by hypertension and proteinuria that predate pregnancy. Assessment of the diagnostic and predictive performance of angiogenic markers in women with CKD is limited. Impaired kidney clearance and pre-existing endothelial dysfunction may mean that the angiogenic threshold at which pre-eclampsia manifests may be altered in CKD.

Management of pre-eclampsia includes aspirin prophylaxis, treatment of hypertension, careful fluid balance, intravenous magnesium and iatrogenic delivery, with data extrapolated from general obstetric cohorts to women with CKD. There is increasing evidence that a lower threshold (140/90mmHg) for the treatment of hypertension in pregnancy reduces maternal complications without adverse impact on the neonate. Data on the therapeutic removal of sFlt-1 and other novel treatments are awaited. 
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