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Lecture Objectives

Renal Function Changes in Pregnancy

Approach to AKI during pregnancy

Management of chronic hypertension in pregnancy (new
data!)
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Case Example

25 y/o G1P0 admitted at 37 weeks gestation
* Developed abdominal pain 24 hours prior, poor PO intake
* Noted to be hypertensive with 2+ protein on dipstick and admitted to L+D
* Fetal monitoring was reassuring
* Due to term dates, she underwent induction of labor
 Labs return notable for serum creatinine of 1.3 mg/d|
* 24 hours later she delivered a healthy baby girl

Is this serum creatinine normal in pregnancy?
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Renal Physiology in Pregnancy

=MF L Plasma volume Increases by 30-50%
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Estimating GFR in Preg

E Mean serum creatinine concentration
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Prepregnancy

(42399 measures)

Within pregnancy Postpregnancy
(244866 measures) (74680 measures)

Concentration by percentile

Serum Creatinine, pmol/L
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How to Define AKI in Pregnancy?

* Given the dynamic changes in GFR longitudinally across pregnancy, defining
AKI can be challenging

|II

* A “normal” creatinine can reflect significant compromise in renal function in a
pregnant woman.

e Standard definitions of AKIl, including the RIFLE and AKIN criteria, have not

been validated in pregnant populations, however in general these definitions
are used to define AKI in this population.
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How to Define AKI in Pregnancy?

Timing

Creatinine Range (mg/dL)

Pre-Pregnancy
15t Trimester (12 weeks)
2"d Trimester (24 weeks)
3" Trimester (36 weeks)

Post-Partum

0.68-0.88

0.53-0.69

0.51-0.68

0.54-0.63

0.71-0.95
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AKI Epidemiology in Pregnancy

In general, rates of pregnancy-associated AKI (P-AKI) have decreased over the
past 30 years.

* |taly 1:3,000 births = 1:18,000 from 1950s to 1990s
* India 15% = 1.5% from 1980s to 2010s
 Associated mortality >20% =2 4-6%

Improved care of sepsis, post-partum hemorrhage and placental abruption
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AKI Epidemiology in Pregnancy
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Case Example

25 y/o G1P0 admitted at 37 weeks gestation
* Developed abdominal pain 1 day prior
Noted to be hypertensive with 2+ protein on dipstick and admitted to L+D
Fetal monitoring was reassuring
Due to term dates, she underwent induction of labor
Labs return notable for serum creatinine of 1.3 mg/d|
24 hours later she delivered a healthy baby girl

Additional lab evaluation
 Hemoglobin 5.3 g/dL, LDH >1,000, AST 114, platelets 50

How to approach differential diagnosis of AKl in
pregnancy?
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Differential Diagnosis of AKI in Pregnancy

Pregnancy-specific “placental” syndromes — severe preeclampsia or
HELLP syndrome
* Symptoms should resolve with delivery

Primary renal syndromes —glomerular disease/thrombotic
microangiopathy
* Diagnosis and appropriate treatment based on underlying cause
(immunosuppression, plasma exchange, B-cell depletion, complement
inhibitors)
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Major Causes of AKI by Trimester

First trimester Second trimester Third trimester Postpartum

Septic abortion Cortical necrosis

Hyperemesis gravidarum

Acute pyelonephritis NSAID use

Preeclampsia/eclampsia/HELLP

Acute fatty liver

Thrombotic thrombocytopenic purpura

Atypical HUS

Obstruction

Lupus nephritis
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TABLE 2-1. Diagnostic Criteria for Preeclampsia <

Blood pressure

* Greater than or equal to 140 mm Hg systolic or greater than or equal to 90 mm Hg
diastolic on two occasions at least 4 hours apart after 20 weeks of gestation in a
woman with a previously normal blood pressure

* Greater than or equal to 160 mm Hg systolic or greater than or equal to 110 mm Hg
diastolic, hypertension can be confirmed within a short interval (minutes) to facilitate
timely antihypertensive therapy

and

Proteinuria

* Greater than or equal to 300 mg per 24 hour urine collection (or this amount
extrapolated from a timed collection)

or
* Protein/creatinine ratio greater than or equal to 0.3*

* Dipstick reading of 1+ (used only if other quantitative methods not available)

Or in the absence of proteinuria, new-onset hypertension with the new onset of any of the following:

Thrombocytopenia

¢ Platelet count less than 100,000/microliter

Renal insufficiency

e Serum creatinine concentrations greater than 1.1 mg/dL or a doubling of the serum
creatinine concentration in the absence of other renal disease

Impaired liver function

¢ Elevated blood concentrations of liver transaminases to twice normal concentration

Pulmonary edema

Cerebral or visual
symptoms

* Each measured as mg/dL.
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Normal Pregnancy

Vasodilation
Blood vessel

Preeclampsia
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Risk Factor

Antiphospholipid antibody syndrome

Renal Disease

Prior Preeclampsia

Systemic lupus erythematosis
Nulliparity

HIV positive, untreated

HIV+ on HAART

Chronic hypertension
Diabetes Mellitus

Multiple Gestations

Strong family history of cardiovascular disease (heart disease
or stroke in =22 first degree relatives)

Obesity

Family history of preeclampsia in first degree relative

Advanced Maternal Age (>40)

Risk Factors for Preeclampsia

OR or RR (95% CI)
9.7 (4.3 - 21.7)
7.8 (2.2 — 28.2)
7.2 (5.8 - 8.8)
5.7 (2.0 — 16.2)
5.4 (2.8 — 10.3)
4.9 (2.4-10.1)
5.6 ( 1.7-18.1)
3.8 (3.4 — 4.3)
3.6 (2.5 - 5.0)
3.5 (3.0 - 4.2)
3.2 (1.4-17.7)

2.5 (1.7-3.7)
2.3-2.6 (1.8 — 3.6)

1.68 (1.23-2.29) for nulliparas
1.96 (1.34-2.87) for multips
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Placental Evaluation

e Uterine artery dopplers * Umbilical artery dopplers

(a) m

(c)

http://womensandinfantshealth.ca/fetal-

)

medicine/placenta/placental-function-testing/
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http://womensandinfantshealth.ca/fetal-medicine/placenta/placental-function-testing/
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» SFItl is a soluble spice variant of the
VEGF receptor Flt1

» SFltl is secreted by the placenta and
antagonizes VEGF and PIGF in the
circulation

» sFlt administered to pregnant rats
results in a preeclampia syndrome

Bdolah Seminars in Nephrology 2004
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Angiogenic Imbalance in Preeclampsia
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PROGNOSIS Study

Population: ‘Suspected preeclampsia’ Te NEW ENGLAND

: . JOURNAL o MEDICINE
Europe/Australia/NZ/Canada/S. America
90% Cauca‘SIan Predictive Value of the sFlt-1:PIGF Ratio in Women

with Suspected Preeclampsia

JANUARY 7, 20106
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PRAECIS Study

Circulating Angiogenic Factor Levels in
Hypertensive Disorders of Pregnancy

Ravi Thadhani, M.D., M.P.H.,"** Elizabeth Lemoine, M.D.,"** Sarosh Rana, M.D., M.P.H.,* Maged M. Costantine, M.D.,°
Vinicius F. Calsavara, Ph.D.," Kim Boggess, M.D.,? Blair . Wylie, M.D., M.P.H.,° Tiffany A. Moore Simas, M.D., M.P.H., M.Ed.,
Judette M. Louis, M.D., M.P.H. 2 Jimmy Espinoza, M.D., M.Sc.,” Stephanie L. Gaw, M.D., Ph.D.,’° Amy Murtha, M.D.,*°
Samantha Wiegand, M.D.,'! Yvonne Gollin, M.D.,*? Deepjot Singh, M.D., M.M.M.,'3 Robert M. Silver, M.D.,**

Danielle E. Durie, M.D., M.P.H.,"* Britta Panda, M.D.,*® Errol R. Norwitz, M.D., Ph.D.,'** Irina Burd, M.D., Ph.D.,*8

Beth Plunkett, M.D., M.P.H.,'® Rachel K. Scott, M.D., M.P.H.,2° Anna Gaden, B.S.,! Martha Bautista, B.S.,’

Yuchiao Chang, Ph.D.,2 Marcio A. Diniz, Ph.D.,' S. Ananth Karumanchi, M.D.,* and Sarah Kilpatrick, M.D., Ph.D.!

Population:

18 US Centers (tertiary and community with level 3 NICU)
Hospitalized singleton women 23-34 weeks gestational age with a hypertensive
disorder of pregnancy

Outcome: Preeclampsia with severe features (sPE) - adjudicated by MFMs

Derivation and validation cohort for sFlt-1:PIGF ratio to predict developing sPE within
2 weeks






SFLT-1/PIGF improves diagnostic classification




NEW in 2023 - sFIt1/PIGF FDA cleared

4 WSJNEWS EXCLUSIVE | HEALTH

Preeclampsia Blood Test Wins FDA
Clearance

Thermo Fisher’s blood test is the first cleared to predict life-threatening
preeclampsia during pregnancy

By Sarah Toy (Follow ]
Updated May 18,2023 4:51 pm ET

Q::> Share AA Resize

Preeclampsia occurs when something goes wrong with a woman’s placenta during pregnancy, and it
can lead to organ damage or death. PHOTO CREDIT: Getty Images/Tetraimages RF PHOTO: GETTY
IMAGES/TETRA IMAGES RF
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ASPRE Study: NEJM 2017

Preterm preeclampsia occurred in 13 participants (1.6%)
In the aspirin group, as compared with 35 (4.3%) in the
placebo group (odds ratio in the aspirin group, 0.38; 95%
confidence interval, 0.20 to 0.74; P=0.004).



AKI in Preeclampsia/HELLP

AKI develops in ~“1% of patients with preeclampsia

AKI more common in HELLP syndrome (Hemolysis, Elevated Liver Enzymes, Low
Platelets) (~7-15%).

— Most common cause of pregnancy-associated AKI in developed world

s-FIt1/PIGF ratio can help differentiate preeclampsia/HELLP from other conditions
including:

— Chronic hypertension

— Chronic kidney disease

— Lupus nephritis

— Dialysis patients

)
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Acute Fatty Liver of Pregnancy
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Most women also meet criteria for preeclampsia with hypertension
and proteinuria

AFLP: malaise, nausea/vomiting, abdominal pain. Hypoglycemia, low
ATIll, DIC. AKI more common

HELLP: Headache, abdominal pain, hypertension. Higher
transaminase levels.

Naoum Anesthesology 2019 3



Renal Thrombotic Microangiopathies

Thrombotic Thrombocytopenia Purpura (TTP) Hemolytic Uremic Syndrome (HUS)

Pregnancy associated with decreases in Complement dysregulation 2/2 genetic
ADAMTS-13 levels and can be trigger for  mutations in regulatory proteins.

new onset or relapse of TTP

2/3 of cases develop post-partum.
Second or third trimester onset

Renal involvement severe
Neurologic symptoms predominate

High overlap with preeclampsia criteria

)
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Lupus Nephritis + Other Glomerular Diseases

 SLE common in women of childbearing age

* Maternal immunologic and hormonal changes make pregnancy a common
trigger for flares or de novo lupus nephritis

* Low or low-normal complement levels, serologic markers and extrarenal lupus
manifestations can aid in diagnosis

* Renal biopsy often deferred if serologies positive

)
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Hemodynamic Injury + Renal Cortical Necrosis

e Spectrum of pre-renal = ATN - bilateral renal cortical necrosis

e Catastrophic preghancy complications such as sepsis, obstetric
hemorrhage, amniotic fluid embolism

e Cortical necrosis is rare (~ 0.5% of obstetric AKI cases)
—More likely to develop in pregnancy compared to general population
—Mechanisms unknown but likely related to hypercoagulability of late-
pregnancy

)
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Renal Biopsy in Pregnancy

* Decision on renal biopsy depends on:
—Age of gestation
—Severity of renal disease
—Suspected underlying diagnosis = NOT a good way to dx
preeclampsia

* Higher risk of bleeding antepartum postpartum (7% vs 1%)

e <32 weeks expert opinion cut off

)
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Case Example

25 y/o G1P0 admitted at 37 weeks gestation
* Developed abdominal pain 1 day prior
* Noted to be hypertensive with 2+ protein on dipstick and admitted to L+D
* Fetal monitoring was reassuring
* Due to term dates, she underwent induction of labor
* Labs return notable for serum creatinine of 1.3 mg/dlI
* 24 hours later she delivered a healthy baby girl
« Hemoglobin 5.3 g/dL, LDH >1,000, AST 114, platelets 50
» Extensive schistocytes on peripheral smear

Postpartum hemorrhage, developed hypotension during emergent hysterectomy, DIC/shock. Transferred to
SICU at tertiary care institution

« AKI-D 2/2 ATN was working diagnosis until an astute nephrologist made the diagnosis.

« PLEX = Eculizumab. Off HD.

)
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Maternal Morbidity Crisis

Maternal Mortality Is Rising in the U.S. As It Declines Elsewhere

Per 100,000 live births. Source: “Global, regional, and national levels of maternal mortality, 1990-2015: a systematic analysis for the Global Burden
of Disease Study 2015,” The Lancet. Note: Only data for 1990, 2000 and 2015 was made available in the journal.
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Cause of Maternal Death is Changing
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Management of Chronic Hypertension in Pregnancy

 ~2-3% of preghancies in US with pre-existing hypertension
* Associated with significant maternal morbidity

e 3-5xrisk of preeclampsia

e 5-10x risk maternal death, CHF, stroke, AKI

* Blood pressure target historically controversial

ACOG 2019 Recommendations — pharmacotherapy for > 160/110

)
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‘ Table 2. Primary and Other Perinatal Outcomes.*

Figure S2: Perinatal and maternal outcomes according to “clinically reasonable’ adherence

(see Table S2 for definition)*
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A Yes ® No
Outcome OR (95% CI) P-value

e —h—i 0.93 (0.68, 1.28) 00

KEY POINT: Tight control ‘reduced’ the risk
for severe hypertension however outcomes

for baby and mother were no different. No
difference in preeclampsia risk.

];eS;q T . P—-—.—i _ 1.37(0 5,2423 T——
0 1 2 3 4 5
Laura Qdds ratio (less-tight vs. tight)
E
Joel § I (confidence interval), OR (odds ratio), SGA (small for gestational age)
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Rd * Comparisons of OR and 95% Cl for less tight vs. tight control were made using the Breslow-Day

test of homogeneity.

At least one serious neonatal complication — 40/480 (8.3) 40/479 (8.4) 0.96 (0.60-1.52)
no./total no. (%) |




e NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 MAY 12, 2022 VOL. 386 NO. 19

KEY POINT: ACOG/SMFM now

Kﬁ*f‘,fjg“jgf recommend <140/90 for
oM. Red pharmacotherapy.

Z.S. Galis,

The primary o
control group

Reduced incidence of preeclampsia in the
active-treatment group is novel and requires
:'I more study
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confidence interval, 0.74 to 0. 92 P<0. 001)
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Drug Advantages

First-line Agents: Oral

Methyldopa First-line, extensive safety data.
Labetalol Appears to be safe. Labetalol is preferred over

other beta-blockers due to theoretical beneficial
effect of alpha-blockade on uteroplacental blood

'Flf\\lll
ovv,

Long-acting Appears.to be safg. Available'in a slpw-release

nifedipine preparation, allowing once daily dosing.

First-line agents: Intravenous

Labetalol Good safety data.

Nicardipine Extensive safety data as a tocolytic during labor.
Effective.

Second-line agents

Hydralazine (PO or Extensive clinical experience

V)

Metoprolol Potential for once-daily dosing using long-acting
formulation.

Verapamil, Diltiazem No evidence of adverse fetal effects.

Generally Avoided

Diuretics No clear evidence of adverse fetal effects.

Atenolol
Nitroprusside

Contraindicated
ACE inhibitors

Angiotensin receptor
antagonists

Disadvantages

Short duration of action/BID or TID
dosing.

Short duration of action/TID dosing.

Increased risk of maternal
hypotension and placental abruption
when used acutely.

Safety data less extensive than for
labetalol.

Limited data

Theoretically may impair pregnancy-
associated expansion in plasma

Voruii

May impair fetal growth

Risk of fetal cyanide poisoning if used
for more than 4 hours.

Multiple fetal anomalies, see text.

Similar risks as ACE inhibitors.



Renal Function Changes in Pregnancy

Approach to AKI during pregnancy

Management of chronic hypertension in pregnancy (new
data!)
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Relevant Clinical Trials

The CHAPS Trial
N Engl J Med 2022; 386:1781-1792

The PRAECIS Trial

NEJM Evid 2022;1(12)

Contact if questions: jtangrern@mgh.harvard.edu
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