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Abstract

Pregnancy-related acute kidney injury (AKI) is a public health problem and remains
an important cause of maternal and fetal morbidity and mortality. The incidence of
pregnancy-related AKI has increased in developed countries due to increase in mater-
nal age and higher detection rates. Pregnancy in women with kidney transplants is
associated with higher adverse outcomes like preeclampsia, preterm births, and allo-
graft dysfunction, but limited data exists on causes and outcomes of pregnancy-related
AKI in the kidney transplant population. Diagnosis of AKI during pregnancy remains
challenging in kidney transplant recipients due to lack of diagnostic criteria. Manage-
ment of pregnancy-related AKI in the kidney transplant population requires a multi-
disciplinary team consisting of transplant nephrologists, high-risk obstetricians, and
neonatologists. In this review, we discuss pregnancy-related AKI in women with kid-
ney transplants, etiologies, pregnancy outcomes, and management strategies.
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to facilitate stabilization of kidney function for the best outcome.* But
posttransplant pregnancy is not a “zero risk” choice given the potential

The first successful pregnancy in a woman with kidney transplant
occurred in 1958. Subsequent pregnancies in women with kidney
transplants established that pregnancies were possible with success-
ful maternal and fetal outcomes.! There is impairment of fertility in
women with chronic kidney disease.! However, regular menstrual and
ovulatory cycle may resume as early as 3 weeks after kidney transplan-
tation, and the hypothalamic-pituitary-gonadal axis is restored to nor-
mal by 6 months after kidney transplantation.?? KDIGO guidelines rec-

ommend delaying pregnancy until at least the first year post-transplant

for fetal, maternal, and allograft complications affecting outcomes.®
While preeclampsia, allograft rejection, preterm births, and still-
births are all recognized as potential complications of pregnancy in
women with kidney transplants, acute kidney injury (AKI) is rarely
addressed in the literature. Hence, there is no definite data about
the incidence of AKI in pregnant kidney transplant recipients. The
incidence of pregnancy-related AKI has increased almost three-fold
in developed countries due to advanced maternal age with increased

comorbidities, lifestyle diseases like hypertension, diabetes and
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obesity, and higher detection rates. Significant variability exists in
the definition and diagnosis of pregnancy-related AKI in the kidney
transplant recipients and in the general population.®” Limited data
exist on various etiologies and outcomes of AKI during pregnancy in
women with kidney transplants which creates a significant knowledge
gap.

2 | EFFECTS OF PREGNANCY ON KIDNEY
ALLOGRAFT FUNCTION

In a normal pregnancy, glomerular filtration rate (GFR) increases by
about 40%-60% due to hyperfiltration, vasodilation, and an increase in
effective plasma flow which increases clearance of blood urea nitrogen
and creatinine. During pregnancy, serum concentration of creatinine
usually decreases below .8 mg/dl and blood urea nitrogen decreases
below 12 mg/dl. Glomerular hyperfiltration also results in physiologic
proteinuria of pregnancy.8-1° The kidney allograft adapts to these
physiological changes of pregnancy. There is an increase in creatinine
clearance by about 30% in the first trimester, a slight decrease in cre-
atinine clearance in the second trimester, and a return of serum cre-
atinine to pre-pregnancy level by the third trimester.!! The absence
of a decrease in serum creatinine in early pregnancy portends a poor
prognosis and clinicians should consider careful evaluation of kid-
ney transplant recipients whose creatinine does not decrease with
expected physiologic changes of pregnancy. It has been demonstrated
that among women with chronic kidney disease stages 3-5, a gesta-
tional fall in serum creatinine of <10% of the pre-pregnancy creati-
nine (as well as chronic hypertension, and proteinuria) were associ-
ated with adverse pregnancy and kidney outcomes (preterm delivery,
low birthweight and loss of maternal kidney function).1? Additionally,
an increase in the GFR causes physiological proteinuria of pregnancy,
and women with kidney transplants have a higher 24-hour urine pro-
tein excretion as compared to healthy women.!3 Protein excretion in
pregnant kidney transplant recipients may increase up to threefold
by the third trimester, exceeding 500 mg as compared to 200 mg in
healthy pregnant women and returns to baseline levels by 3 months
postpartum.111415 An abnormal increase in proteinuria from baseline
during pregnancy in women with kidney transplant should trigger an
evaluation for various causes of AKI including preeclampsia and uri-

nary tract infection.

3 | DIAGNOSTIC CRITERIA FOR
PREGNANCY-RELATED ACUTE KIDNEY INJURY

There is a lack of consensus on the definition of pregnancy-related AKI
in kidney transplant recipients. Traditionally, an acute rise in creatinine
by greater than .5 mg/dl from the baseline within 48 h has been pro-
posed as the defining criteria for pregnancy-related AKI. RIFLE (Risk,
Injury, Failure, Loss, End-stage renal disease) criteria proposed in 2004,
AKIN (Acute Kidney Injury Network) criteria proposed in 2007, the
KDIGO (Kidney Disease Improving Outcomes) guidelines that take into

account the rise of creatinine over baseline or fall in eGFR, both as
a percentage, and decrease in the urine output, are used to diagnose
AKI in the general population, but have not been validated to diag-
nose pregnancy-related AKI in the kidney transplant population.16-18
Due to physiological changes during pregnancy, the level of serum cre-
atinine with a normal allograft function is lower than baseline, and
ranges between .4 and .6 mg/dl range during the first trimester.'? The
physiological lowering of baseline creatinine in pregnancy along with
non-validation of the diagnostic criteria makes the detection of AKl in
pregnancy in kidney transplant recipients challenging.® This results in
delay in diagnosis of AKI during pregnancy in women with kidney trans-
plants. Consequently, the incidence of AKI in pregnant kidney trans-
plant recipients remains unclear.2®

Serum creatinine remains the most utilized, easily accessible, and
affordable biomarker to diagnose AKI in the kidney transplant popu-
lation. Biomarkers such as cystatin c are not routinely used to diag-
nose AKI in clinical practice yet. Other injury markers like neutrophil
gelatinase-associated lipocalin (NGAL) and kidney injury marker-1
(KIM-1) have not been validated in this population. Hematuria and pro-
teinuria may be used as surrogates for AKI along with serum creatinine,
and/or changes in urine output. If kidney function is not assessed regu-
larly, subtle increases in serum creatinine can be missed easily, result-
ing in delayed detection of potential significant degree of kidney injury.
Hence, assessment of proteinuria and hematuria should be part of rou-
tine assessment in pregnant kidney transplant recipients. These can be
the early indicators of AKI due to graft dysfunction, acute rejection, and
recurrent or de novo glomerulonephritis. Different etiologies for AKI
can be classified according to different stages of pregnancy,8 although
there might be a significant overlap during each trimester (Table 1).

4 | CAUSES OF PREGNANCY-RELATED ACUTE
KIDNEY INJURY IN THE KIDNEY TRANSPLANT
RECIPIENTS

Table 2 shows the causes of pregnancy-related AKl in the kidney trans-
plant population classified by prerenal, renal, and postrenal etiolo-
gies. Most of these pregnancy-related AKI etiologies overlap with the
general population, while some are specific to the kidney transplant
population.6:18.21

During the second and third trimesters, the causes of AKI are more
specific to an isolated pregnancy-related complication in the kidney
transplant population. These include preeclampsia, hemolysis, elevated
liver enzymes, low platelet count (HELLP) syndrome, acute fatty liver
of pregnancy, thrombotic microangiopathies like thrombotic throm-
bocytopenic purpura and atypical hemolytic uremic syndrome, renal
vein thrombosis, and urinary tract infection. Immunologic changes dur-
ing pregnancy with fluctuating levels of immunosuppressive medica-
tions can lead to the development of de novo donor- specific anti-
body post-pregnancy leading to antibody mediated rejection.?2 How-
ever, the actual incidence of de novo donor-specific antibody in kid-
ney transplant recipients during pregnancy is unknown and needs

future investigation. Timely diagnosis and management of these can
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TABLE 1

Pregnancy trimester

First trimester
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Differential diagnosis for pregnancy-related AKI in kidney transplant recipients based on pregnancy trimester

Differential diagnosis

Hyperemesis gravidarum

Septic abortion/early miscarriages
Medication-related

Second trimester

Preeclampsia/eclampsia

Pyelonephritis

HELLP syndrome

Thrombotic thrombocytopenic purpura/hemolytic uremic syndrome
Recurrent glomerulonephritis (membranous nephropathy, lupus nephritis)

Third trimester

HELLP syndrome

Thrombotic thrombocytopenic purpura/atypical hemolytic uremic syndrome
Preeclampsia/eclampsia

Recurrent glomerulonephritis (membranous nephropathy, lupus nephritis)
Obstructive uropathy

Placental abruption

Placental hemorrhage

Acute fatty liver of pregnancy

Peripartum

Bleeding with an atonic uterus

Uterine rupture
Obstetrical trauma

Postpartum

Atypical hemolytic uremic syndrome

Nonsteroidal anti-inflammatory drug use
Puerperal sepsis

Recurrent glomerulonephritis like lupus nephritis
Postpartum cardiomyopathy

Abbreviations: HELLP, hemolysis, elevated liver enzymes, and low platelets.

help prevent the progression of CKD in transplant allograft as well as
improve maternal and fetal outcomes. Mild physiological hydronephro-
sisis acommon finding in both pregnant patients and kidney transplant
recipients. The degree of hydronephrosis more than expected (moder-
ate/severe or worsening) should, therefore, prompt a workup for AKI
due to postrenal etiology. Obstructive AKI in pregnant kidney trans-
plant recipients may occur in the second and third trimester due to
the gravid uterus pressing on the kidney. Recipients with ureteral stric-
tures requiring stents are at risk of developing obstructive uropathy as
well.1?23 Abdominal compartment syndrome may infrequently be seen
in multifetal gestation and multiorgan transplant recipient.2! Impor-
tant causes of pregnancy-related AKI in the kidney transplant popula-
tions are explained below in detail.

Hyperemesis gravidarum: Hyperemesis gravidarum usually occurs
in the first trimester of pregnancy where women usually present
with severe persistent nausea, vomiting, and poor oral intake that
can lead to AKI due to volume depletion. Other clinical manifesta-
tions of hyperemesis gravidarum include weight loss >5% of pre-
pregnancy weight, hypokalemia, and metabolic alkalosis. In severe
cases, ketonuria, mild elevation of aminotransferases, and mild hyper-
thyroidism may occur.6-18:21

Preeclampsia: Preeclampsia usually occurs in the second or third
trimester. Patients can present with a myriad of symptoms such as
abdominal pain, nausea, vomiting, headaches, visual disturbances, or
worsening pedal edema. Preeclampsia is diagnosed by new onset of
hypertension after 20 weeks of gestation defined by blood pressure
>140/90 mm Hg on two occasions 4 h apart, or >160/110 mm Hg

within a shorter interval, and proteinuria > 300-mg/24-h urine or spot
urine protein creatinine ratio .3 (dipstick 1+). Preeclampsia can be
diagnosed in the absence of proteinuria if any of the following signs
of end organ dysfunction are present including elevated serum crea-
tinine >1.1 mg/dl or doubling of serum creatinine in the absence of
other kidney disease, thrombocytopenia (<100,000 ml), elevated liver
transaminases >2 times normal, pulmonary edema or, cerebral/visual
symptoms. There are several biomarkers that have been investigated in
patients with chronic kidney disease and kidney transplant patients to
differentiate pre-eclampsia from physiologic changes in pregnancy, but
they have not been validated and are not widely available. In patients
with history of hypertension or proteinuric kidney disease, diagnosis of
preeclampsia is therefore challenging and eventually makes manage-
ment difficult.824

Hemolysis, elevated liver enzymes, and low platelet (HELLP) syn-
drome: Diagnosis of HELLP syndrome is made by (a) presence of
microangiopathic hemolytic anemia as evidenced by schistocytes in
blood smear, lactate dehydrogenase >6000 U/L, low haptoglobin, or
elevated total bilirubin >1.2 mg/dl; (b) elevated liver transaminases and
in particular, aspartate transaminase >70 UL; and (c) low platelet count
<100 x 107/L.6:1821

Acute fatty liver of pregnancy: Acute fatty liver of pregnancy
is an extremely rare condition which usually occurs in the third
trimester characterized by acute onset liver failure with coagulopa-
thy and can progress to fulminant liver failure leading to encephalopa-
thy. Diagnosis is made by elevated liver enzymes and bilirubin, low
fibrinogen, prolonged prothrombin time, decreased antithrombin 1
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TABLE 2 Pregnancy-related acute kidney injury classified by prerenal, renal, and postrenal etiologies in the kidney transplant population

Pre-renal Hyperemesis gravidarum
Heart failure

Hemorrhage

Liver dysfunction
Calcineurin inhibitor toxicity
Diarrheal infections

Sepsis

Ectopic pregnancy

Bleeding

Ovarian hyperstimulation syndrome

Renal

Immunologic: acute cellular rejection, acute antibody-mediated rejection, combined rejection, or newly

diagnosed or progressive transplant glomerulopathy

Recurrent disease: C3 glomerulopathy, thrombotic thrombocytopenic purpura, atypical hemolytic uremic
syndrome, IgA nephropathy, recurrent or de-novo glomerulopathy, such as focal segmental
glomerulosclerosis, membranous nephropathy, pauci-immune glomerulonephritis, lupus nephritis,
anti-phospholipid antibody syndrome, disseminated intravascular coagulation, progression of chronic

kidney disease

Medication-induced: calcineurin inhibitor, intravenous contrast dye exposure, antibiotics, antivirals
Infection-related: polyomavirus nephropathy, cytomegalovirus systemic infection, pyelonephritis,

chorioamnionitis, sepsis

Tubulointerstitial disease: acute tubular necrosis, acute interstitial nephritis, acute cortical necrosis
Pregnancy-related complications: acute fatty liver of pregnancy, preeclampsia, HELLP syndrome, amniotic

fluid embolus

Malignancy: post-transplant lymphoproliferative disease or any other malignancy (infiltrative or

obstructive)

Vascular: renal artery thrombosis, renal vein thrombosis, kidney allograft thrombosis, thrombotic

microangiopathy

Post-renal

Hydronephrosis due to uterine compression

Ureteral obstruction due to stones, tumor, or bladder outlet obstruction

Neurogenic bladder
Polyhydramnios
Large uterine fibroids

Injury to ureters or bladder during cesarean section
Abdominal compartment syndrome in the setting of multiple gestation or multi-organ transplants

Abbreviation: HELLP, Hemolysis, Elevated Liver enzymes, and Low Platelets.

and platelets, hypoglycemia, and leukocytosis. Clinical manifestations
include fatigue, nausea, vomiting, abdominal discomfort, jaundice, and
fever. Acute fatty liver of pregnancy is a diagnosis of exclusion.®-1821
Thrombotic microangiopathy including thrombotic thrombocy-
topenic purpura (TTP) and atypical hemolytic uremic syndrome:
Thrombotic microangiopathies are characterized by evidence of
microangiopathic hemolytic anemia (high lactate dehydrogenase, low
haptoglobin, and schistocytes on peripheral smear), low platelet counts
(<150000/mcl or 50% from baseline), and evidence of systemic man-
ifestations. Thrombotic thrombocytopenic purpura can affect any
trimester of pregnancy and involves the neurological system more
commonly than atypical hemolytic uremic syndrome. Diagnosis of
thrombotic thrombocytopenic purpura is made by serological test-
ing demonstrating ADAMTS13 activity <10%. Atypical hemolytic ure-
mic syndrome typically occurs in the first 6 months postpartum and
has a greater likelihood of kidney involvement compared to throm-
botic thrombocytopenic purpura. Genetic tests for alternate comple-
ment pathway mutations are available to make a diagnosis of atypical
hemolytic uremic syndrome but are limited by cost and time to report.
Physiological increases in complement related proteins in normal preg-
nancy should be considered when interpreting completement levels

and should be correlated clinically. Appropriate management should
not be delayed.®18.21

Acute cortical necrosis: Acute cortical necrosis can occur any time
during pregnancy and hence, a high index of suspicion is necessary.
Causes of acute cortical necrosis includes septic abortion early in preg-
nancy (<20 weeks’ gestation), peripartum complication such as placen-
tal abruption, sepsis, amniotic fluid embolization, or retained product
of conception. Clinical history and evaluation with kidney ultrasound or
computed tomography scan are required to make the diagnosis when
AKIl is present. Imaging studies will show hypoechoic or hyperdense
areas in the kidney cortex.2

Infections: Opportunistic infections, bacteremia from septic abor-
tion, or systemic sepsis can cause AKI in the pregnant kidney
transplant recipients. Polyomavirus infection (BK nephropathy) and
cytomegalovirus viremia can present as AKI. Patients with prior history
of these infections or with high-risk cytomegalovirus serostatus should
prompt regular monitoring of kidney function. Urine analysis, urine cul-
ture, blood culture, and specific serologies should be done when sus-
pected based on history and clinical presentation.®1821

Acute pyelonephritis: Gestational pyelonephritis is a serious
condition associated with premature labor, intrauterine growth
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restriction, sepsis, and AKI. Kidney transplant recipients are inherently
at a higher risk for urinary tract infections and hence higher risk for
AKI from pyelonephritis, especially with a gravid uterus and increased
urinary reflux. Clinical manifestations include fever, chills, nausea,
vomiting, flank pain, and costovertebral angle tenderness. Laboratory
assessment will reveal peripheral leukocytosis, and urinalysis showing
pyuria and bacteriuria with/without hematuria, and white blood
cell casts. The computed tomography scan may show normal kidney
morphology, swelling in affected areas of the kidney, nonspecific
perinephric fat stranding, or perinephric abscess. In patients who have
history of recurrent urinary tract infections, prophylactic antibiotics
should be considered during pregnancy.®1821

Acute rejection: Pregnancy is a state of immunological tolerance
associated with decreased immune activity of lymphocytes which cre-
ates tolerance to the fetus and may benefit the kidney allograft. How-
ever, there is a possibility that the antigenic stimulus provided by the
fetus may trigger graft rejection as well. Pregnancy in kidney transplant
recipients poses a risk for acute rejection not only because of alter-
ations in a previously stable immunosuppressive regimen but also due
to the risk of sensitization. Human leukocyte antigen (HLA) allosensi-
tization may occur during pregnancy but might not be detected since
HLA antibodies are not routinely monitored during pregnancy. In the
absence of risk factors, acute rejection rates are similar to the gen-
eral transplant population, about 9.0% during pregnancy and 1.3%
postpartum.® Acute cellular or antibody-mediated rejection can cause
AKIl in pregnancy. Rates of graft loss at 2 years postdelivery in pregnant
kidney transplant recipients vary from 5% to 9%.26-28 Woman’ base-
line calculated panel reactive antibody level or development of de-novo
donor-specific antibodies, changes in dose of immunosuppression,
poor medication adherence, or effect of pregnancy on immunosuppres-
sive medication pharmacokinetics can predispose to acute rejection.
Kidney biopsy is the gold standard for diagnosis of rejection. The avail-
ability of noninvasive biomarkers (genomic or donor derived cell-free
DNA techniques) might be useful in kidney transplant recipients with
advanced pregnancy or high risk for biopsy complications from a hema-
tological perspective, however, these have not been studied in preg-
nant kidney transplant recipients. Third-generation genomics might be
more useful compared to the cell-free DNA technique. Details about
biopsy during pregnancy are outlined later in this article.

Medications: Calcineurin inhibitors remain the standard of care
immunosuppression among kidney transplant recipients. Fluctuating
levels of calcineurin inhibitors in pregnant kidney transplant recipients
puts them at higher risk of AKl especially with nephrotoxic effect. Phar-
macokinetic changes happen in pregnancy and calcineurin inhibitor
levels need to be monitored at least monthly. There are many limita-
tions in interpreting tacrolimus levels in pregnancy as outlined by Her-
bert et al.2? Tacrolimus is measured in whole blood and due to the
anemia and hypoalbuminemia in pregnancy, whole blood levels may
decrease without a significant decrease in unbound tacrolimus, which
is the relevant “free” level. Unfortunately, free tacrolimus levels are
not available outside of research settings. We recommend to target
slightly lower tacrolimus level during pregnancy with close monitor-

ing of albumin and hemoglobin that may further guide adjusting the

dose. Therefore, even a normal appearing tacrolimus level may cause
calcineurin inhibitor associated nephrotoxicity. Very high calcineurin
inhibitor trough levels can lead to AKI by vasoconstriction of the affer-
ent and efferent glomerular arterioles causing reduced renal blood
flow. Proteinuria from the mammalian target of rapamycin (mTOR)
inhibitors can be exacerbated resulting in AKI. Antibiotics, antivirals,
or antifungals can be nephrotoxic in a dose-dependent manner. Safety
in pregnancy should be checked for these agents and dosed based on
kidney function in pregnant patients.

5 | RISK FACTORS FOR PREGNANCY-RELATED
AKI IN KIDNEY TRANSPLANT RECIPIENTS

Table 3 elucidates the risk factors for pregnancy-related AKI in kidney
transplant recipients. Certain factors make kidney transplant recipi-
ents more susceptible to AKI during pregnancy. In addition to usual
etiologies for AKI in pregnancy, certain causes of AKI are specific for
pregnant kidney transplant recipients, including immunological injury
(acute cellular rejection or acute antibody-mediated rejection), recur-
rent glomerulonephritis, immunosuppressive medications (calcineurin
inhibitors or mTOR inhibitors), urinary tract obstruction, hematologic
or malignancy-related causes, all in the setting of a solitary kidney

transplant.

6 | DIAGNOSTIC TESTING FOR AKI DURING
PREGNANCY IN KIDNEY TRANSPLANT RECIPIENTS

Follow-up should be intensified in kidney transplant recipients to assist
with early identification of AKI and treatment of complications, includ-
ing acute rejection, hypertension, anemia, coagulation disorders, and
timely planning of delivery.” The recommendations by Italian best prac-
tice guidelines® is to have at least one nephrology follow-up with blood
and urinary tests every 2-4 weeks in pregnant kidney transplant recip-
ients with stable renal function, controlled blood pressure and no pro-
teinuria. More frequent follow up is recommended if risk factors are
present. Urinalysis should be monitored for evidence of hematuria and
proteinuria. Renal function and electrolytes must be monitored with a
routine chemistry panel. A frequent fetal ultrasound might be neces-
sary to ensure stability and viability. Pregnancies in women with kidney
transplants should be treated as high risk even if with seemingly normal
parameters.

Diagnostic testing for assessment of AKI in pregnant kidney trans-
plant recipients is listed in Table 4.

There is no consensus regarding appropriate timing for kidney
biopsy in pregnant kidney transplant recipients. With advanced tech-
nology, kidney transplant biopsies are being done more routinely and
can provide an important and prompt diagnosis.>° The limited litera-
ture regarding kidney biopsy in pregnancy indicates 7% versus 1% risk
of bleeding in pregnancy versus postpartum period.3! Postpregnancy
transplant biopsies demonstrated anincrease in vascular injury as com-

pared to pre-pregnancy biopsies, after adjusting for time, which could
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TABLE 3 Riskfactors for pregnancy-related AKI in kidney transplant recipients

* Solitary kidney
* Susceptibility to volume depletion due to autoregulation impairment
* Immunological risk factors

* Increased risk of abdominal compartment syndrome depending on the number of transplants or multiorgan transplants, etiology of end-stage

kidney disease such as polycystic disease or multiple gestations.

* Long term exposure to medications such as calcineurin inhibitors that cause acute vasoconstriction and nephrotoxicity
* Increase of urinary reflux during pregnancy in addition to inherent risk with transplant ureter

* Increased risk of acute urinary retention and ureteral strictures
* Exposure to nephrotoxic antimicrobials and immunoglobulins

* Increased risk of viral infections such as polyomavirus nephropathy and cytomegalovirus
* Possible recurrences of glomerulonephritis, atypical hemolytic uremic syndrome, thrombotic thrombocytopenic purpura, and antiphospholipid

syndrome

* Hematological causes such as antiphospholipid syndrome, hypercoagulable state, and renal vein thrombosis

* Vascular causes such as renal artery stenosis

* Increased likelihood for post-transplant lymphoproliferative disorder and requiring nephrotoxic chemotherapy agents

TABLE 4 Diagnostic testing for pregnancy-related AKI in kidney transplant recipients

1. Urinalysis with microscopy

1. Quantify protein excretion with random urine protein to creatinine ratio

1. Complete blood count with differential and peripheral smear if microangiopathic hemolytic anemia is suspected

1. Renal and liver function panel including coagulation panel

1. Direct and indirect bilirubin, lactate dehydrogenase

1. ADAMTS-13 and the genetic test for alternate complement pathways if clinically indicated

1. Allograft kidney ultrasound
1. Kidney allograft biopsy (based on pregnancy trimester)
1. Urine and blood culture (if indicated)

1. Monitoring for donor specific antibody

1. BK, herpes simplex virus, and cytomegalovirus polymerase chain reaction

1. Autoimmune panel if recurrent glomerulonephritis is suspected (antinuclear antibody, M-type phospholipase A2 receptor antibody, complement)

be related to high incidence of preeclampsia in this population.32 A
multidisciplinary approach should be employed to decide if a biopsy is

necessary.

7 | MANAGEMENT OF AKI DURING PREGNANCY
IN KIDNEY TRANSPLANT RECIPIENTS

Management of pregnancy-related AKI in kidney transplant recipients
is complex as pregnant kidney transplant recipients may have several
comorbidities and are usually on multiple medications. Management of
pregnancy-related AKl involves a multidisciplinary team approach con-
sisting of transplant nephrologists, maternal-fetal medicine specialists,
transplant surgeons, and neonatologists. Home and clinic blood pres-
sures should be monitored closely, especially in the second and third
trimester. Any indication of hypertension with or without proteinuria

should prompt more frequent clinic visits and any signs of preeclampsia
should prompt hospital admission and monitoring with fetal doppler.
General measures to treat pregnancy-related AKI in kidney trans-
plant recipients include prompt identification and reversal of the
underlying cause of kidney injury. For prerenal AKI, intravenous fluids
should be administered promptly. Care must be taken in patients with
heart failure, eclampsia, or endotoxin-mediated injury. For ischemic
AKI due to anemia, a blood transfusion may be necessary to main-
tain tissue and fetal oxygenation. On the other hand, if the recipi-
ent is suffering from hypervolemia, they may be given loop diuret-
ics. Diuretics are usually safe is pregnancy but due to their poten-
tial risk of volume depletion or precipitating pre-eclampsia, discussion
between all care team members is important. Serum electrolytes must
be monitored closely and corrected with appropriate supplementation
or binders. Nutritional support is also an important part of the care
of the pregnant kidney transplant recipients with AKI. Symptomatic
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or asymptomatic urinary tract infection and pyuria should be treated
in pregnant women for 3 weeks with broad spectrum antibiotics ini-
tially and then narrowed down to specific antibiotics based on sus-
ceptibility studies. Pregnant kidney transplant recipients with primary
herpes infection can transmit the infection to the fetus during vagi-
nal delivery. Hence, cesarean section should be considered in these
patients. Reducing the overall immunosuppression level along with
antivirals for treatment of cytomegalovirus and herpes simplex virus
infection on are usually the standard of practice and often warranted
in cases presenting with AKl in the setting of opportunistic infections.
In conditions such as thrombotic thrombocytopenic purpura and atypi-
cal hemolytic uremic syndrome; plasmapheresis, eculizumab, and ritux-
imab might be indicated. There is data available on safety of eculizumab
during pregnancy. Safety data on use of monoclonal antibodies dur-
ing pregnancy should be discussed and risk-benefit discussions should
be held between physicians and patients. Small studies have demon-
strated B-cell depletion in <10% of neonates but no long-term assess-
ment of the safety of rituximab in neonates is available.?3 Treatment
of glomerulonephritis includes steroids and immunosuppressive ther-
apy; the risks and benefits should be considered when therapy is ini-
tiated in a pregnant woman.® Azathioprine and calcineurin inhibitors
(cyclosporine and tacrolimus) are not teratogenic and are commonly
used immunosuppressive drugs in pregnancy. During pregnancy, higher
doses of tacrolimus and cyclosporine are needed to achieve therapeu-
tic targets, and therefore frequent monitoring of drug trough levels is
warranted.!! Treatment for rejection is dependent on biopsy findings
(antibody-mediated rejection vs. acute cellular rejection), presence or
absence of donor specific antibody, and history of infections. High-
dose steroids have been successful in treating allograft rejection during
pregnancy and remain the first-line treatment. Escalating immunosup-
pression by titrating the dose of calcineurin inhibitors or use of B cell
depleting monoclonal antibodies can be used after thorough discussion
with the patient. If despite efforts to reverse AKI, patient’s kidney func-
tion continues to deteriorate, then kidney replacement therapy must
be initiated when indicated. Consideration must be given to the prompt
and safe delivery of the fetus.

8 | OUTCOMES WITH PREGNANCY-RELATED AKI
IN THE KIDNEY TRANSPLANT POPULATION

Most studies pertain to only pregnancy outcomes in the kidney
transplant population. Predictors of good maternal and fetal out-
comes include younger maternal age, stable graft function with
no recent episodes of graft rejection, serum creatinine level of
<1.5 mg/dl, proteinuria of <500 mg/day, and normal or well-controlled
hypertension.2628:34-37 Although AKI in pregnancy is associated with
high maternal and fetal morbidity and mortality in the general pop-
ulation, data on maternal and fetal outcomes in pregnant kidney
transplant recipients who develop AKI is scarce. Pregnancy in kid-
ney transplant recipients is associated with higher risks of hyper-
tension, preeclampsia, preterm birth, low birth weight, and cesarean

section.26-28 However, the risk of birth defects is comparable with the

general population (4.5% vs. 3%-5%).27 Arecent meta-analysis of preg-
nancy outcomes suggested that the live birth rate among kidney trans-
plant recipients may be higher than in the general population, 72.9%
versus 62%, respectively.28 Chewcharat et al. evaluated the outcomes
of nearly 5.5 million pregnant women from 2009 to 2014 with no
known kidney disease and compared it to 405 women with CKD stages
3-5 and 295 women with functioning kidney transplants. About 28%
of pregnant women with CKD stages 3-5 and 5% of pregnant women
with kidney transplants developed AKI during the hospitalization for
delivery, versus only .1% of pregnant women with no known kidney
disease. The study showed that pregnant kidney transplant recipients
compared with pregnant women with no known kidney disease had
about 11-fold higher odds of developing AKI during the delivery hos-
pitalization (OR 10.46, 95% Cl 5.33-20.56, p < .001).%8 A study in
Norway examining pregnant kidney transplant recipients showed that
women with preeclampsia had statistically significantly higher serum
creatinine levels than women without preeclampsia when assessed
during the first trimester of pregnancy, at delivery, and during the post-
partum period, but no difference was seen in serum creatinine levels
before pregnancy. In women with preeclampsia, there was four times
higher risk of an increase greater than 20% in serum creatinine and
eleven times higher risk of an increase greater than 50% in serum cre-
atinine between the first trimester and postpartum. Episodes of acute
rejection, however, were not recorded during any of the pregnancies.3?
Based on a large 15-year study of deliveries in Canada, the incidence
of pregnancy-related AKI requiring dialysis was low (cumulative inci-
dence of 1 per 10000). AKI requiring dialysis was nearly four times
more likely in women with a major medical complication during preg-
nancy such as preeclampsia, thrombotic microangiopathy, pregnancy-
related liver disease, sepsis, and postpartum hemorrhage. The mortal-
ity rate of women with AKI requiring dialysis was 4.3%, compared to
.01% in women without kidney injury. Of women who survived, 3.9%
remained dependent on chronic dialysis after 90 days postpartum.*©
Bachmann et al. reported that despite a higher rate of preterm
birth and low birth weight in pregnant kidney transplant recipients,
child development up to age 2 years was appropriate.** General health
and physical constitution of children were unremarkable with normal
development in 94% at 12 and 24 months of corrected age, respec-
tively. Malformations are not higher in babies of kidney transplant
recipients if teratogenic drugs are avoided. In women with transplants,
the risk of adverse maternal-fetal outcomes has been reported to be
higher in multiple pregnancies as well as pregnancies from assisted
fertilization.® The kidney allograft does not affect normal vaginal deliv-
ery and a cesarean section is not routinely indicated unless indicated
for obstetric indications. In the event of surgery, care should be taken
to avoid injury to the ureter of the kidney allograft, which may be ante-
rior to the uterine artery. In the study by Bachman et al., 24 out of 32
(75%) pregnancies had a cesarean section in pregnant kidney trans-
plant recipients. Of the 24 cesarean sections performed, 16 were due
to maternal conditions, 5 due to fetal conditions (fetal distress dur-
ing labor and fetal growth retardation), and 3 due to combined indi-
cations (one placental abruption and two placental insufficiency).*?

Five had pre-eclampsia and one of those patients developed aortic
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dissection due to worsening hypertension, necessitating emergent
cesarean section at 30 weeks of gestation. No kidney allograft injuries
were reported in this study.

In the study of pregnant kidney transplant recipients*! about half
of patients reported >10 ml/min decline in kidney function at deliv-
ery compared to pre-pregnancy values (did not specify AKl incidence).
At 6 months postpartum, median glomerular filtration (GFR) was
48 ml/min/1.73m2 (IQR 37, 60 ml/min/1.73 m2). One year after deliv-
ery and at last follow-up, median GFR remained lower compared to
pre-pregnancy levels at 50 ml/min/1.73 m2. GFR at 24 months after
delivery was lower than all other GFR values at delivery. Median pro-
teinuria at delivery was 335 mg/g creatinine. All in all, 2-year graft sur-
vival after delivery was 92.8%. Overall, GFR at 2 years postpartum was
still worse than at the date of delivery with the lowest values observed
at 6 months postpartum. Extrapolating data from the general popula-
tion, AKI leads to CKD progression or worsening interstitial fibrosis

and tubular atrophy.

9 | CONCLUSION

Despite reports of successful pregnancy in solid organ transplant recip-
ients, women with kidney transplants remain at higher risk for both
maternal and fetal complications. Kidney transplant recipients are vul-
nerable to developing AKI during pregnancy for multiple reasons. Rec-
ognizing the risk factors that predispose this high-risk population to
common prerenal, intrinsic, and postrenal insults of AKI is instrumen-
tal for timely diagnosis and management. Given the medical com-
plexity of the pregnant kidney transplant recipient, a multidisciplinary
team approach including the nephrologist, obstetrician, and neonatol-
ogist is crucial to ensure good outcomes. Robust multicenter studies
investigating AKI in pregnant Kidney transplant recipients, incidence,
diagnostic criteria, and establishing management guidelines are much
needed.
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