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Background: Pregnancy-related acute kidney injury (Pr-AKI) is associated with significant maternal and fetal morbidity and 
mortality, with a three- to four-fold increase in perinatal mortality. Pr-AKI can arise from various obstetric complications, such as 
hyperemesis gravidarum, septic abortion, hypertensive disorders of pregnancy, pyelonephritis, and antiphospholipid antibody syn-
drome. Therefore, early diagnosis and appropriate intervention, including the identification of the underlying etiology, are important to 
effectively manage Pr-AKI. Therefore, we report a case of Pr-AKI after early miscarriage in a patient without hyperemesis gravidarum 
or septic abortion whose renal function gradually improved postoperatively for miscarriage.
Case Presentation: A 34-year-old primigravid woman was referred to us for perinatal management at 6 weeks of gestation. 
Unfortunately, she was diagnosed with miscarriage 1 week later. The patient had no history of hyperemesis gravidarum or septic 
abortion; however, she developed oliguria, and her serum creatinine and blood urea nitrogen levels were abnormally increased. 
Consequently, she underwent a renal biopsy to evaluate renal dysfunction, which indicated tubulointerstitial damage. The patient also 
underwent manual vacuum aspiration for a miscarriage. Postoperatively, her urine output increased, and her renal function improved. 
She was determined to have experienced Pr-AKI due to her miscarriage.
Conclusion: Our patient had Pr-AKI after a miscarriage in the absence of other causes. This case report highlights the presence of 
unknown causes of Pr-AKI, warranting further research for the development of preventive interventions.
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Introduction
Pregnancy-related acute kidney injury (AKI) (Pr-AKI) is a significant cause of maternal and fetal morbidity and 
mortality.1 The major risk factors for Pr-AKI include diabetes mellitus, hypertensive disorders of pregnancy (HDP), 
thrombotic microangiopathy, heart failure, pyelonephritis, sepsis, placental abruption, and postpartum hemorrhage2–4 

Additionally, the prevalence of Pr-AKI ranges between 1 and 2.4 cases per 10,000,5,6 with an associated maternal 
mortality rate of 4% and 4% of survivors requiring permanent hemodialysis.2,7,8 Another potential risk factor for Pr-AKI 
is the use of assisted reproductive technology, which causes multiple gestation.1,9 The kidney plays an important role in 
the excretion of iodide,10 and several studies have examined the association between hypothyroidism and AKI.11,12 

Hypothyroidism can also lead to AKI.13 Recently, the incidence of AKI has increased, possibly attributed to the increase 
in maternal age, maternal comorbidities, and the incidence rates of HDP and obesity.14,15

In addition, significant hemodynamic changes occur during pregnancy due to increased blood volume and cardiac 
output and decreased systemic vascular resistance. Consequently, systemic blood pressure reductions reach their lowest 
value by 20 weeks of gestation. Moreover, the glomerular filtration rate increases by approximately 50%, resulting in 
a hyperfiltration state and physiological reduction in serum creatinine levels.16,17 Unfortunately, diagnosing Pr-AKI poses 
challenges because the AKI diagnostic criteria for the general population, such as the Risk, Injury, Failure, Loss of 
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kidney function and End-stage renal disease (RIFLE) criteria, Kidney Disease: Improving Global Outcomes (KDIGO) 
guidelines, and Acute Kidney Injury Network (AKIN) criteria, have not been validated in pregnant women.9,14,18

In the first trimester, hyperemesis gravidarum and sepsis can cause Pr-AKI; they can lead to volume depletion and 
hemodynamic compromise, which, if severe, can cause pre-renal AKI and ischemic acute tubular necrosis. However, in 
the second and third trimesters, acute tubular necrosis can be caused by abruptio placentae; acute fatty liver of pregnancy; 
severe preeclampsia; and hemolysis, elevated liver enzymes, and low platelets syndrome.19,20 Furthermore, acute cortical 
necrosis can occur during severe hypotension,21 and the increased risk of cortical necrosis during pregnancy might be 
attributed to the hypercoagulable state.

Here, we describe the case of a patient who experienced miscarriage at 7 weeks of gestation, in the absence of 
hyperemesis gravidarum or sepsis, and presented with Pr-AKI. This case is unique because the patient experienced 
symptoms of renal failure, such as oliguria, after miscarriage, and these symptoms resolved following manual vacuum 
aspiration.

Case Presentation
The patient was a 34-year-old primigravid Japanese woman who had hypothyroidism, for which she had been prescribed 
levothyroxine sodium hydrate (50 μg/day). She presented to another clinic with genital bleeding and a 2-week delay in 
menstruation and obtained a positive result on a urine pregnancy test 2 weeks later. The patient was referred to our 
hospital for perinatal care. At 6 weeks of gestation, she had mild abdominal pain and no genital bleeding. Examination 
using a vaginal speculum revealed cervical erosion and moderate white discharge. Transvaginal ultrasonography revealed 
a gestational sac, a 9-mm fetus with a heartbeat, and a subchorionic hematoma in the uterus.

At 7 weeks of gestation, the patient experienced a miscarriage. She had a fever of 37.0–37.5°C, and her white blood 
cell count was within the normal range, with a C-reactive protein level of 1.0–2.0 mg/dL. Ultrasonography showed 
a 3 cm subchorionic hematoma, and her hemoglobin level was 9.0–10.0 g/dL, indicating mild anemia but no bleeding. 
Laboratory test results showed abnormal serum albumin (3.2 g/dL) and creatinine (6.69 mg/dL) levels, whereas sodium, 
potassium, and chlorine levels were within the normal ranges. She was seronegative for the human immunodeficiency, 
hepatitis B, and hepatitis C viruses, as well as the cardiolipin, antinuclear, anti-glomerular basement membrane, and anti- 
neutrophil cytoplasmic antibodies (c-ANCA and p-ANCA). However, she was seropositive for lupus anticoagulant. 
Protein C and S activity levels were normal. The patient had no history of diabetes mellitus, heart failure, pyelonephritis, 
sepsis, or hyperemesis gravidarum. She also experienced no symptoms of systemic lupus erythematosus, such as malar 
rash, oral ulcers, arthritis, leukopenia, and thrombocytopenia. The patient experienced oliguria, and her serum creatinine 
and blood urea nitrogen levels were abnormally increased. Qualitative urine test results showed strong positivity for 
occult blood and white blood cells but exhibited negativity for protein. Urine sedimentation test results showed 
erythrocytes; leukocytes; other tubular epithelial cells; and vitreous, granular, and epithelial cylinders. N-acetyl-β- 
D-glucosaminidase and β2 microglobulin were also detected in the urine.

A renal biopsy was performed without any complications approximately 10 days after miscarriage. Optical micro-
scopy revealed cytoplasmic vacuolar degeneration of the tubular epithelium throughout the cortex. Focal tubular 
epithelial cell shedding, necrotic debris in the tubular lumen, and medullary tubular epithelium degeneration were also 
observed. The tubular interstitium showed mild edema and occasional focal infiltration of inflammatory cells, which were 
predominantly lymphocytes mixed with neutrophils and eosinophils (Figure 1). Immunofluorescence analysis revealed 
negativity for immunoglobulin G, immunoglobulin A, immunoglobulin M, complement component 3, complement 
component 1q, and complement component 4. Notably, no glomerular lesions were observed on light or electron 
microscopy; that is, renal biopsy findings indicated only tubulointerstitial damage. She was diagnosed with stage III 
AKI according to the RIFLE, AKIN, and KDIGO criteria. However, she was not diagnosed with septic abortion or 
hyperemesis gravidarum.

The patient underwent manual vacuum aspiration under general anesthesia. At the time of surgery, her serum albumin 
and creatinine levels were 2.5 g/dL and 9.81 mg/dL, respectively. Urinalysis results showed a protein level of 0.28 g/dL 
and no white or red blood cells. Moderate bleeding occurred intra-operatively; however, the patient tolerated the 
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procedure well. During the peri-operative period, the patient was treated with loop diuretics, and the urine output 
exceeded 0.5 mL/kg/h after treatment.

Notably, the patient’s urinary output and laboratory findings, including serum creatinine and blood urea nitrogen 
levels, improved without additional treatment. Urinalysis revealed no abnormalities. Histopathological examination of 
the resected endometrial tissue revealed decidual and implantation-related changes. Moreover, chorionic villi without 
enlargement, which consisted of syncytial trophoblast and cytotrophoblast cells, were observed. There were no findings 
indicative of molar pregnancy (Figure 2). After manual vacuum aspiration, the patient’s laboratory parameters and renal 
function recovered, and she had no complications (Figure 3). Antiphospholipid syndrome was ruled out as the lupus 
anticoagulant was negative postoperatively. The patient was discharged 3 days postoperatively.

Figure 1 Light microscopy findings (×200). (a) Hematoxylin-eosin and (b) Periodic acid-Schiff-stained specimens show normal glomeruli and tubulointerstitial damage with 
tubular lymphocytic infiltration. (c and d) Electron microscopy findings. Normal glomeruli and nuclear and vacuolar degeneration in the tubules are observed (white arrows). 
Notes: ▲: cytoplasmic vacuolar degeneration of the tubular epithelium. Δ: necrotic debris of the tubular lumen. ➜: tubulointerstitial inflammation.

Figure 2 Light microscopy findings (×200). Hematoxylin-eosin–stained specimen shows chorionic villi without enlargement and decidua with hemorrhagic changes. 
Note: ➜: chorionic villi without enlargement.
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Discussion
The major risk factors for Pr-AKI include diabetes mellitus, HDP, thrombotic microangiopathy, heart failure, pyelone-
phritis, sepsis, placental abruption, and postpartum hemorrhage2,3 Malabsorption, septic abortion, and glomerulonephritis 
are the most common causes in the first trimester.22 Additionally, lupus nephritis and Sjogren’s syndrome, which can 
cause kidney injury during pregnancy, have been associated with miscarriages in the first trimester.23,24 Although acute 
cortical necrosis is an irreversible cause of intrarenal Pr-AKI, its exact pathogenesis remains unclear. The hypercoagul-
able state during pregnancy might lead to thrombus formation in interlobular and afferent arterioles, which is indicated by 
kidney biopsy findings of diffuse or patchy cortical necrosis.25 Generally, hyperthyroidism is known to result in 
a hypercoagulable state; however, some reports have revealed that hypothyroidism also leads to a prothrombotic 
state.26 Patients with hypothyroidism have increased fibrinogen levels and increased factor VII activity, which may 
have caused a prothrombotic tendency and resulted in Pr-AKI. However, more studies are needed to confirm whether the 
hypercoagulable state in early pregnancy leads to this pathology in the kidney.

The management of Pr-AKI requires close collaboration among clinicians, particularly nephrologists, obstetricians, 
and intensivists. Additionally, identifying the underlying etiology of Pr-AKI is crucial for appropriate treatment. Renal 
replacement therapy and pregnancy termination may be required to prevent further kidney injury. Moreover, most 
complications of Pr-AKI are treated similarly in pregnant and non-pregnant patients, involving the use of diuretics, 
cation-exchange resins, alkali therapy, and blood transfusion to treat volume overload, hyperkalemia, metabolic acidosis, 
and anemia, respectively. Although rare, the occurrence of Pr-AKI in the first trimester usually results from a septic 
abortion or prerenal azotemia secondary to hyperemesis gravidarum.27 However, these factors were not present in our 
patient.

Conclusion
To the best of our knowledge, Pr-AKI associated with miscarriage has not yet been reported. Our patient had Pr-AKI 
after miscarriage with retained products of conception at 7 weeks of gestation in the absence of sepsis or hyperemesis 
gravidarum. This report highlights the presence of unknown causes of Pr-AKI, warranting further research for the 
development of preventive interventions. Moreover, the management of Pr-AKI requires a multidisciplinary approach 
that involves nephrologists and obstetricians.

Figure 3 Blood urea nitrogen and serum creatinine levels during the peri-operative period.
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