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Abstract

Background: Acute kidney injury (AKI) is a serious complication in pregnancy, resulting in
significant maternal morbidity/mortality and fetal loss. Although the incidence of pregnancy-
related acute kidney injury (PRAKI) has decreased in developed countries, it is still common in
developing nations. Methods: A prospective observational study was done between January
2010 and December 2014 to report the incidence, clinical spectrum, maternal and fetal
outcome of AKI in pregnancy. Results: Total number of patients: 130; mean age: 25.4+4.73
years. The incidence of AKI in pregnancy was 7.8%. Most of the AKI was noted in postpartum
period (68%). Etiology of AKI was sepsis (39%), pre-eclampsia (21%), placental abruption (10%),
acute diarrheal disease complicating pregnancy (10%), thrombotic microangiopathy (TMA)
(9%), postpartum hemorrhage (2%) and glomerular diseases (9%). Renal biopsy (n =46) done in
these patients showed renal cortical necrosis (16), TMA (11), acute tubular injury (9), acute
tubulointerstitial disease (1) and glomerular disease (9). Live births occurred in 42% of patients
with vaginal delivery in 34% cases. Thirty-four patients were managed conservatively, while 96
required dialysis. Complete recovery occurred in 56% and about 36% had persistent renal
failure at 3 months. Mortality rate observed was 8%. In univariate analysis, low mean platelet
count, higher peak serum creatinine, dialysis dependency at presentation and histopatho-
logically presence of cortical necrosis and TMA predicted the progression to chronic kidney
disease. Conclusion: AKI in pregnancy was common in postpartum period and sepsis being the
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commonest cause.

Introduction

Pregnancy-related acute kidney injury (PRAKI) is still
responsible for 15-20% of acute kidney injury (AKI) in
developing countries.’ Though there is decreased incidence of
obstetric AKI due to improved antenatal care, PRAKI related
to postpartum sepsis, pregnancy-induced hypertension and its
complications still remain a therapeutic challenge. Obstetric
renal failure has a bimodal occurrence in developing countries
with first peak between 8 and 16 weeks of gestation in
association with septic abortions, while late peak is associated
with obstetric complications such as pre-eclampsia—eclamp-
sia, abruption placentae, uterine hemorrhage, and puerperal
sepsis.”> AKI due to thrombotic microangiopathy (TMA) is
increasingly reported recently.

Materials and methods

We conducted a prospective observational study at our
tertiary care hospital over 5 years from January 2010 to
December 2014. All consecutive patients with PRAKI
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referred to our institution were included and followed up for
3 months for the occurrence of chronic kidney disease (CKD).
Patients with pre-existing renal disease were excluded from
the study. A pre-designed proforma was used. Detailed
clinical history regarding the number of pregnancies, outcome
of previous pregnancies and presence of renal disease or
hypertension was noted. Laboratory investigations included
urine analysis, blood biochemistry and hemogram with
peripheral smear. Sepsis screen including bacterial culture
sensitivity on blood, urine or vaginal swabs, work up for
disseminated intravascular coagulation, serum complements,
anti-nuclear antigen and anti-neutrophilic cytoplasmic anti-
bodies was done whenever required. The indications for renal
biopsy were persistent renal failure for more than 3 weeks and
features suggestive of underlying renal disease. Etiology of
AKI, dialysis dependency, maternal outcome and fetal
outcome was noted.

Definition

AKI: serum creatinine increased about 1.5 times from the
baseline or when the urine output decreased to less than
400 mL for more than 6h or both.

Oliguria: urine output less than 400 mL/24 hours.
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Anuria: urine output less than 50 mL/24 hours.
Pre-eclampsia: Blood pressure: systolic >140mmHg or
diastolic >90 mmHg, after 20 weeks of gestation in a
previously normotensive woman and proteinuria more than
300mg in 24 h.

Eclampsia: generalized convulsions and/or loss of conscious-
ness occurring during pregnancy or postpartum in pre-
eclampsia.

HELLP syndrome: hemolysis (characteristic peripheral blood
smear, serum lactate dehydrogenase >600U/L, total serum
bilirubin >1.2 mg/mL), elevated liver enzymes (serum aspar-
tate aminotransferase >70U/l), and low platelet count
(<100,000/cu mm).

Complete recovery: serum creatinine less than 1.2 mg/dL.
Chronic kidney disease: serum creatinine of more than
1.5mg/dL at 3 months.

Statistical analysis

All the variables were expressed as mean and median (range)
wherever appropriate. Univariate analysis of variables that
predict progression to CKD was done by Fisher’s exact and
two-tailed Student’s 7 tests. Statistical analysis was done with
SPSS software 16 (SPSS Inc., Chicago, IL) and p-value <0.05
was considered statistically significant.

Results

Total number of patients admitted with AKI during the study
period was 1668, of which 130 (7.8%) were due to PRAKI.
All our patients had institutional delivery. The age of patients
ranged from 17 to 42 years with a mean age of
25.4 +4.73 years. About 90 patients were in the 20-30 years
of age. Primigravida mothers slightly outnumbered multi-
gravida (68 vs. 62) in our study. Figure 1 gives the time period
of occurrence of PRAKI. The clinical profile and laboratory
parameters of patients are shown in Table 1.

The most common cause of PRAKI in our study was
sepsis, occurring in about 51 patients (39%). This included
both septic abortion (n=4) and puerperal sepsis (n=47).
Escherichia coli was the commonest organism isolated from
urine, blood and high vaginal swab. About 21 patients had
evidence of blood culture proven septicemia. Pre-eclampsia

Figure 1. Time period of occurrence of
PRAKI.
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occurred in 21% (27 patients). The mean age of pregnancy at
which pre-eclampsia was first detected was seventh month of
pregnancy. About seven patients had generalized tonic clonic
seizures and five patients had evidence of HELLP syndrome.
Evidence of TMA with presence of fibrin thrombi in
glomerular capillaries in histopathology was seen in 11
patients. Renal biopsy was done in 46 patients. Etiology and
renal biopsy findings are summarized in Table 2. Two patients
presented as rapidly progressive glomerulonephritis during
pregnancy. Both had crescentic glomerulonephritis in biopsy,
with lupus nephritis class IV in one and pauci-immune
necrotising glomerulonephritis with p-ANCA (peri-nuclear
anti-neutrophilic cytoplasmic antibodies) positive vasculitis in
other.

About 96 (74%) patients required hemodialysis.
Indications of hemodialysis include oligoanuria, metabolic
acidosis, hyperkalemia, acute pulmonary edema and serum
creatinine >3 mg/dL. Mean duration of dialysis dependency
was 14 +2 days and mean number of dialysis sessions was
8 + 1. Complete recovery occurred in 73 (56%) and about 46
(35%) had only partial recovery at 3 months of follow up.
Only one patient who had septic abortion remained dialysis
dependent with others being independent of dialysis at
3 months. The outcomes of patients are shown in Table 3.
Death occurred in 10 (8%) patients, of which 8 had sepsis and
2 had pre-eclampsia/eclampsia.

In univariate analysis, low mean platelet count, higher
peak serum creatinine, dialysis dependency at presentation
and histopathologically presence of cortical necrosis and
TMA predicted the progression to CKD (Table 4). Factors
like age, total leucocyte count and presence of sepsis did not
predict CKD progression.

Discussion

AKI in pregnancy is a serious complication, involving the
prognosis of the mother and the child. The incidence of
PRAKI has decreased in developed countries to only 1-2.8%,
while in developing countries it is around 4.2-15%.° The
incidence in our study was 7.8%. Mean age of patients in this
study was 25.4 +4.73 years, while most of the studies showed
mean age of 26-30 years.* Primigravida was commonly

Ist trimester
4%
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affected (52%) in contrast to other studies, where multigravida
constituted around 68-74%.

In this study, PRAKI was more frequent in the postpartum
period (68%) similar to Sivakumar et al.® with 74.5% in
postpartum, while most of the studies showed predominant
incidence in the third trimester. Oliguria was present in 66%.
Silva et al.” observed oliguria in 65% and significantly
associated with HELLP syndrome, hyperbilirubinemia and
death.

Studies showed the incidence of HELLP syndrome varying
from 3% to 40%,% it was seen in 4% in this study. HELLP
syndrome was described by Weinstein in 1982, as a serious
complication of severe pre-eclampsia. Disseminated intravas-
cular coagulation was seen in 22%. About 10-46% of
pregnant women with AKI associated with HELLP syndrome
need dialysis.” Maternal mortality is usually around 1% and

Table 1. Clinical profile of patients.

Features Number (%)

Clinical symptoms

Edema 76 (58)
Oliguria 85 (66)
Anuria 14 (11)
Fever 45 (35)
Jaundice 12 (9)
Seizures 7 (5)
Hematuria (>3 RBCs/hpf) 12 (9)
Nephrotic proteinuria (>3.5 g/day) 15 (2)
Anemia (<10 g/dL) 21 (6)
Thrombocytopenia 38 (29)
Leucocytosis (>12,000/cu.mm) 33 (25)
Hyperbilirubinemia (bilirubin >2 mg/dL) 12 (9)
Disseminated intravascular coagulation 29 (22)
Laboratory parameters Mean value
Sr. creatinine at presentation (mg/dl) 2.59
Peak sr. creatinine (mg/dL) 5.08
Proteinuria (g/day) 1.43

Table 2. Etiology and renal biopsy findings.

Features Number of patients (%)
Etiology N=130
Sepsis 51 (39)
Pre-eclampsia/eclampsia 27 (21)
Abruption Placentae 13 (10)
Acute diarrheal disease 13 (10)
Thrombotic microangiopathy 11 (9)
Lupus nephritis 4 (3)
Postpartum hemorrhage 3(2)
Others 8 (6)
Renal biopsy N=46
Cortical necrosis 16
Thrombotic microangiopathy 11
Acute tubular injury 9
Acute tubulointerstitial nephritis 1
Glomerular disease
Lupus nephritis 4
IgA nephropathy 1
Diffuse mesangial proliferation 1
Focal segmental glomerulosclerosis 1
Pauci-immune necrotising GN 1
Infection-related GN 1
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perinatal mortality rate ranges between 7% and 34% depend-
ing on gestational age and maternal disease severity.'’

The causes of AKI in pregnancy are usually due to
hyperemesis gravidarum, septic abortion in early pregnancy
and pre-eclampsia, HELLP, TMA, acute fatty liver of
pregnancy, antepartum hemorrhage, postpartum hemorrhage
and sepsis in late pregnancy and postpartum period.'" Sepsis
(39%) was the commonest cause in this study, which includes
postpartum sepsis in 36% and septic abortion in 3%. Septic
abortion was the commonest cause in studies published in
1980-1990s, but its incidence decreased nowadays after
legalization of abortion. Kumar et al.'? reported puerperal
sepsis in 29% of patients.

Pre-eclampsia related AKI was seen in 21% among which
4% presented with eclampsia. Pre-eclampsia affects approxi-
mately 3-5% of pregnancies. This is the commonest cause of
AKI in developed countries. AKI occurs in approximately 1%
of women with severe pre-eclampsia and 3-15% of women
with HELLP syndrome.

Placental abruption and postpartum hemorrhage were seen
in 10% and 2%, respectively. Postpartum and antepartum
hemorrhage were responsible for PRAKI in 10.59% and
8.29% patients, respectively, in one study.'” In contrast to this
study, uterine hemorrhage was the dominant cause of PRAKI
in the studies by Naqvi et al.'* (58%). Ten percent were due to
acute diarrheal disease, cause of AKI unrelated to pregnancy
and miscellaneous causes in 6%.

Thrombotic microangiopathy was seen in 11% and glom-
erular diseases in 8%. TMA is characterized by thrombocyto-
penia, hemolysis and variable organ dysfunction, which can
include neurological changes and AKI. Thrombotic thrombo-
cytopenic purpura usually present prior to 24 weeks and
hemolytic uremic syndrome occurs near term or postpartum.
Increasing concentration of procoagulant (factor VIla, factor
VIII, von Willebrand factor, and fibrinogen) factors,
decreased fibrinolytic activity, and deficiency of von
Willebrand factor-cleaving protease (ADAMTS 13) may
contribute to the development of TMA in pregnancy.15
Pregnancy-associated TMA is rare, affecting 1 per 25,000
pregnancies. Seventy-six percent of patients with AKI related
to TMA develop ESRD. Nine of 11 patients with TMA
progressed to CKD in our study despite plasma exchanges.

Table 3. Maternal renal, fetal and obstetric outcomes.

Number (%)

Outcome N=130
Maternal renal outcome
Complete recovery 73 (56)
Progression to Chronic kidney disease 46 (35)
End stage renal disease 1(1)
Death 10 (8)
Fetal outcome
Live baby 55 (42)
Intra-uterine growth retardation 54)
Adverse fetal outcome (intra-uterine death + still birth) 70 (54)
Obstetric outcome
Vaginal delivery 44 (34)
Cesarean section 57 (43)

Abortion, intrauterine death 29 (23)
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Table 4. Risk factors for progression to CKD.

Obstetric acute kidney injury 1479

Variable Recovered (n=73) Progressed to CKD (n=47) p-Value
Mean age (years) 25.5 24.8 0.48*
Mean platelet count (lakh/cu.mm) 2.17 1.77 0.0001*
Mean WBC count (cells/cu.mm) 12,868 14,436 0.38*
Peak sr. creatinine (mg/dL) 4.5 6.38 0.0003*
Dialysis dependency at presentation 46 40 0.0002°
Cortical necrosis 4 12 0.0055"
TMA 3 8 0.0117°
Sepsis 24 19 1.02°

Notes: WBC, white blood cells; TMA, thrombotic microangiopathy.

“Unpaired 7 test.
PFisher exact test.

Among glomerular disease, lupus nephritis was seen in
five (IgA nephropathy, diffuse mesangial proliferation, focal
segmental glomerulosclerosis, pauci-immune necrotising
glomerulonephritis and infection related glomeruonephritis)
each in one. Two patients had crescentic glomerulonephritis
in biopsy, with lupus nephritis class IV in one and pauci-
immune necrotising glomerulonephritis with antibody to
myeloperoxidase (MPO) in other. Only few case reports'®!’
were available in the literature with lupus nephritis, granu-
lomatous polyangiitis and microscopic polyangiitis present-
ing as rapidly proliferative glomerulonephritis during
pregnancy.

Silva et al. showed etiologies of AKI as pregnancy-related
hypertension (41.8%), HELLP syndrome (40%), puerperal
sepsis (14.5%), abruption placentae (9.1%), hemolytic uremic
syndrome (9.1%) and thrombotic thrombocytopenic
purpura (5.5%).

In renal biopsy, cortical necrosis was the commonest
histology (16) and acute tubular injury was seen in nine
patients. The occurrence of cortical necrosis varied from
2% to 31% in previous studies. Obstetric causes account for
56-65.2% of cortical necrosis patients in two Indian
studies.'®"?

The requirement of hemodialysis was seen in 74%
similar to Ansari et al.>° Arora et al.>! and Goplani et al.*
reported a complete recovery of renal function in 42%
and 61%, respectively, whereas, in this study, it was 56%.
Thirty-five percent progressed to CKD and one patient who
had septic abortion remained dialysis dependent.
Maternal mortality rate was 8% as against reported incidence
of 2-45% in the literature. Eighty percent of death were due to
sepsis. Fetal loss occurred in 58% and cesarean section
in 43%.

Prakash showed changing trends in pregnancy-related
acute renal failure over 20 years, where the incidence dropped
to 10% from 15%, pre-eclampsia—eclampsia to 14.4% from
23% and maternal mortality to 6.4% from 20%.>> Factors
that predicted progression to CKD in this study was
thrombocytopenia, higher peak serum creatinine, dialysis
dependency at presentation and histopathologically presence
of cortical necrosis and TMA. One study showed age over 38
years and advanced stage of AKI according to RIFLE
classification as poor prognostic factors. AKI in pregnancy
is preventable and timely, aggressive management of obstet-
rical complications will reduce its incidence.
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