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Abstract

Preeclampsia and superimposed preeclampsia usually develop after 20 weeks of gestation. We report a

case of a 35-year-old Japanese woman who developed hypertensive disorders of pregnancy (HDP) before

20 weeks of gestation. She presented with hypertension and proteinuria at 9 and 11 weeks of gestation,

respectively, and developed nephrotic syndrome at 17 weeks of gestation. She did not have definite

hypertension or urinary abnormalities before pregnancy. The patient was serologically positive for the

antinuclear antibody. However, the complement levels were normal and anti-phospholipid antibody was

not detected. A renal biopsy performed at 18 weeks of gestation showed diffuse endotheliosis and tip lesions

of secondary focal segmental glomerulosclerosis but no hypertensive changes of the arterioles. Although

electron microscopic examination showed electron-dense deposits in the subendothelial lesions, they were

considered nonspecific plasma exudation by mass spectrometry. An abortion was performed at 20 weeks

gestation because the patient’s congestive symptoms due to nephrotic syndrome had worsened and marked

fetal growth restriction was observed. After delivery, the patient’s symptoms resolved immediately without

any additional treatment; however, continuous antihypertensive medication was required. Finally, the

patient was diagnosed with HDP based on the renal biopsy findings and her clinical course after delivery.

Compared to previous reports, this case describes the earliest onset of HDP. Thus, HDP should be

considered as a differential diagnosis in pregnant women with hypertension or proteinuria presenting with

symptoms before 20 weeks of gestation.



Introduction

Hypertensive disorders of pregnancy (HDP) is defined as the development of hypertension during

pregnancy and is classified into four types; namely, chronic hypertension (CH), preeclampsia (PE),

gestational hypertension (GH), and superimposed preeclampsia (SPE) [1]. A diagnosis of PE is made when

hypertension appears after 20 weeks of gestation with maternal organ damage such as kidney injury, liver

involvement, stroke, neurological complications, hematological complications, or uteroplacental

insufficiency. In contrast, SPE is diagnosed in women with hypertension and/or proteinuria before 20 weeks

of gestation with worsening of those with new onset of maternal organ damage or uteroplacental

insufficiency such as PE after 20 weeks of gestation. Therefore, hypertension and proteinuria newly

observed and worsening before 20 weeks of gestation are usually considered to be caused by renal diseases

rather than HDP. However, some cases of HDP have been diagnosed before 20 weeks of gestation without

renal disease [2-6]. Here, we report a case of HDP that was confirmed by renal biopsy and describe the

clinical course after elective abortion. Although her blood pressure (BP) was slightly elevated only once

before pregnancy, her BP increased from 9 weeks of gestation. This report describes the earliest onset of

HDP to date.

Case report

We report the case of a 35-year-old Japanese woman with subclinical hypothyroidism treated with



levothyroxine. She had previously miscarried twice with the same partner at 6 and 8 weeks of gestation,

respectively, and had presented to the obstetrics clinic for infertility treatment. However, the cause of

infertility was not identified. Although she did not regularly measure her BP, no abnormalities were noted

in her annual periodic examination. She became pregnant by artificial insemination and the transfer of

cryopreserved-warmed embryos. She presented to the endocrinology clinic for the treatment of

hypothyroidism 1 week before embryo transfer. Only once was her diastolic BP confirmed to be slightly

high (136/98 mmHg), although she was negative for proteinuria and her serum creatinine (sCr)

concentration was 0.57mg/dL. Afterward, prominent hypertension (170/110 mmHg) and proteinuria (2+)

appeared at 9 and 11 weeks of gestation, respectively. She started to take amlodipine from 12 weeks of

gestation. Her liver function was within normal units (aspartate aminotransferase [AST], 24 IU/L; alanine

aminotransferase [ALT], 26 IU/L; lactate dehydrogenase [LDH], 208 IU/L; gamma-glutamyl

transpeptidase, 14 1U/L; and alkaline phosphatase, 188 IU/L). In addition, her platelet counts were within

normal levels (29.3x10% /uL) at 12 weeks of gestation. However, proteinuria increased and leg edema

appeared. She was diagnosed with nephrotic syndrome at 17 weeks of gestation (serum albumin 2.5 g/dL

and urinary protein 7.5 g/gCr) and was admitted to our nephrology department for renal biopsy at 18 weeks

of gestation.

Her height was 158 cm and her body weight had increased from 60 kg before pregnancy to 66 kg. Her

BP and pulse rate were 133/103 mmHg and 98/min, respectively. Although physical examination revealed



pretibial pitting edema, she had no symptoms, such as rashes, joint pain, or abdominal pain. Table 1 shows

her laboratory test results on admission. Although total bilirubin [T.Bil] was within normal range (0.6

mg/dL), hypoalbuminemia, aggravation of renal function, liver damage (AST 63 IU/L and ALT 84 1U/L),

elevated LDH levels (486 1U/L), and decreased platelet count (17.4x10%/uL) were detected. Prothrombin

time (PT) and activated partial thromboplastin time (APTT) were within normal range. While she was

positive for antinuclear antibodies, her complement levels were normal and she was negative for various

autoantibodies. The patient tested negative for anti-phospholipid antibodies (aPL). The patient’s thyroid

function was well controlled with medication. Twenty-four-hour urinary collection revealed high protein

levels (7.5 g/day). We suspected hemolysis, elevated liver enzymes, and low platelet count (HELLP)

syndrome or thrombotic thrombocytopenic purpura (TTP) due to her elevated liver enzyme level and low

platelet count. However, there were no positive findings suggesting hemolysis as her haptoglobin

concentration was 26 mg/dL and schistocytosis was not detected. Because she did not meet the diagnostic

criteria for HELLP syndrome and had no symptoms, we performed a careful follow-up. TTP was later

denied because her disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13

(ADAMTS13) activity was 90%. Although acute fatty liver of pregnancy (AFLP) is one of the differential

diagnoses of liver damage in a pregnant woman, AFLP typically presents with abdominal symptoms and

laboratory abnormalities, such as elevation of aminotransferases ranging from 5 to 10 times the upper limit

of normal, increased bilirubin levels, and prolonged PT and aPTT with decreased antithrombin III levels



[7]. However, the patient in this case had no abdominal symptoms; her serum bilirubin levels and

coagulation function were within the normal range, and liver enzyme elevation was relatively mild for

AFLP. Therefore, we ruled out AFLP. Deep venous thrombosis was not detected on limb vascular echo, and

neither hypertensive nor ischemic changes were confirmed by fundus examination. The patient’s BP further

increased to 175/128 mmHg after hospitalization. Therefore, methyldopa was added, and her BP decreased

to 138/94 mmHg.

We performed a kidney biopsy at 18 weeks of gestation to clarify the underlying renal disease as the

renal manifestations were abnormal for HDP. Light microscopic examination showed 20 enlarged

glomeruli. The narrowing of capillary lumens associated with endothelial cell swelling (known as

endotheliosis) was prominent (Figurela). In addition, three glomeruli showed glomerular epithelial

hypercellularity and sclerosing change with the adhesion of the glomerular capillaries to Bowman’s capsule

at the tubular outlet, the so-called tip lesion of focal segmental glomerulosclerosis (FSGS) caused by the

glomerular epithelial cell injury (Figurelb). A double contour of the capillary wall was also observed

(Figure 1c). While slight thickening of the endothelium and partial hyaline degeneration were observed in

the small vessels, no fibrinoid necrosis or chronic changes like onion skin lesions were observed. The

tubulointerstitial lesions were not injured. Immunofluorescence examination showed level 2+ staining for

immunoglobulin G (IgG), immunoglobulin M (IgM), and C4 and level 1+ staining for immunoglobulin A

(IgA) and fibrinogen at the capillary walls and mesangial areas (Figureld). In contrast, the samples were



negative for C1q and C3. Electron microscopy showed endothelial cell swelling and the disappearance of

the endothelial fenestra (Figure 1e). Although effacement was not evident, slight villous changes of the foot

process were observed. Diffuse double contour was present due to mesangial interposition (data not shown).

Moreover, electron-dense deposits (EDD) were also detected in the subendothelial lesions (Figure 1f).

Although the presence of EDD and antinuclear antibody positivity suggested immunocomplex deposition,

we concluded by mass spectrometry that the EDD was non-specific plasma exudation. Thrombotic

microangiopathy (TMA) was provided as the pathological definitive diagnosis of the renal biopsy, with

findings coincident with cases of HDP as described later.

Continuously, her BP was well controlled and the levels of liver enzyme and LDH were decreased

(T.Bil 0.4 mg/dL; AST 26 IU/L; ALT 27 IU/L; and LDH 348 IU/L) and platelet count was increased

(46.9x10* /uL). However, congestive symptoms due to nephrotic syndrome worsened and fetal echo

examination revealed asymmetric-type fetal growth restriction. The fetal estimated weight was 185 g,

which was -1.8 SD; moreover, the resistance index (RI) of the umbilical artery was 0.9, which was higher

than the 90% tile of the RI at 19 weeks of gestation. We had to judge quickly whether the patient could

continue her pregnancy because she was nearing 22 weeks of gestation, the period allowed for abortion,

when the renal biopsy results were obtained. Although she strongly hoped to continue the pregnancy, we

recommended termination because she did not have any specific nephritis or causative TMA diseases that

could be treated; for example, lupus nephritis. Moreover, her maternal risk was high and the fetal growth



restriction was already significant. Finally, we decided to end her pregnancy at 20 weeks of gestation with

the consent of the patient and her family. Her infant weighed 180 g and did not have any congenital

deformities. Asymmetrical fetal growth restriction was observed and the patient’s placenta showed

ischemic change, which were consistent with HDP.

Her clinical course is shown in Figure 2. At the end of pregnancy, oral administration of furosemide

was started; sufficient diuresis was obtained and her leg edema improved rapidly. The levels of LDH, liver

enzymes, and platelet were normal one month after the delivery (T.Bil 0.6 mg/dL; AST 16 IU/L; ALT 11

IU/L; LDH 182 IU/L; and platelet 28.5x10* /uL). Furthermore, renal function improved to her pre-

pregnancy values (sCr 0.63 mg/dL) and urinary protein levels decreased and became negative (urinary

protein <150 mg/g Cr) 5 months after the termination. Because her BP also decreased, all antihypertensive

drugs were discontinued. However, because her BP increased again, she resumed amlodipine and continued

this treatment after 1 year. In addition, we also investigated the causes of secondary hypertension. No

abnormal findings of the aorta and renal arteries or adrenal glands were found on computed tomography.

Endocrine tests did not show abnormal data suggestive of secondary hypertension. Therefore, secondary

hypertension was ruled out.

Discussion

We encountered a case of HDP in which hypertension and proteinuria presented in very early



pregnancy. The patient was diagnosed with TMA due to HDP according to the renal biopsy findings and

her clinical course. HDP usually develops after 20 weeks of gestation with the appearance or exacerbation

of hypertension and proteinuria. Therefore, other glomerular injuries should be suspected if such symptoms

appear before 20 weeks of gestation [8]. Previously reported cases of HDP that occurred before 20 weeks

of gestation showed renal involvement due to trophoblastic diseases or antiphospholipid syndrome (APS)

[2]. We did not initially consider HDP as she did not have trophoblastic disease and APS was unlikely

because she did not meet the clinical and laboratory criteria for APS (Sydney criteria) [9]. However, her

renal biopsy showed no specific nephritis but did unexpectedly show TMA. Renal TMA is sometimes

associated with HDP. Glomerular endothelial cell swelling due to endothelial cell damage and the formation

of a double contour of the glomerular capillary walls are observed. Characteristically, the rapid

improvement of hypertension and renal abnormalities without specific treatment after the end of pregnancy

leads to the diagnosis of HDP. Pregnancy-associated atypical hemolytic uremic syndrome (P-aHUS) is one

of the differential diagnoses of TMA. Fakhouri et al. reported that P-aHUS occurred mainly in the

postpartum period (79%), and that long-term outcomes were poor; 76% of patients had reached end-stage

renal disease or required renal transplantation despite the treatment [10]. Our patient’s TMA was confirmed

by a kidney biopsy performed at 18 weeks of gestation, and her renal function recovered promptly after

delivery without treatment. As mentioned above, the clinical course of our case was quite different from

that of P-aHUS. Therefore, we concluded that the patient did not suffer from P-aHUS.
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Seronegative APS (SN-APS) has also been suggested as a differential diagnosis. SN-APS is defined

in patients with clinical APS features according to Sydney criteria, but without detectable conventional

aPL and obstetric events are more frequent than thrombosis in SN-APS patients [11]. Our case did not

meet the laboratory and clinical criteria for SN-APS. In addition, even though miscarriages due to APS

are mostly caused in middle to late pregnancy, and prolongation of APTT levels and

hypocomplementemia are common in active APS patients [12], she miscarried in the early stage of

pregnancy, and the levels of APTT and serum complement were within the normal range. These results

indicate that APS could not be conclusively diagnosed in our patient unless miscarriage occurs again,

which would indicate pregnancy-related morbidity suggestive of APS. Therefore, it is impossible for us to

deny that she was not diagnosed with SN-APS. Moreover, vascular lesions were characterized by

occlusion of small vessels associated with fibrous intimal hyperplasia of interlobular arteries and

recanalizing thrombi in arteries and arterioles in the chronic phase of APS. However, TMA similar to

HDP has been reported in the acute phase of APS [13]. Moreover, the ischemic placental tissue showed

no specific findings to confirm the diagnosis. Therefore, it is also difficult to distinguish APS and HDP

based on the findings of the kidney and placenta. The screening for presence of non-conventional aPL is

uncommon in everyday clinical practice. However, because 68% of obstetric SN-APS patients are

positive for non-conventional aPL [14], measuring aPL levels may help confirm the presence of SN-APS.

In the relevant literature, only five cases of HDP have been reported to develop before 20 weeks of

11



gestation without trophoblastic diseases and APS [2-6]. To our knowledge, our case of onset at 9 weeks of

gestation is the earliest report. The “Best Practice Guide 2015 for Care and Treatment of Hypertension in

Pregnancy” published by the Japan Society for the Study of Hypertension in Pregnancy, listed medical

histories of hypertension, chronic kidney disease and diabetes, first pregnancy, multiple pregnancies,

older pregnancy, obesity, pregnancy by assisted reproductive technology (ART), thrombotic diathesis, and

thyroid dysfunction as risk factors for the development of HDP [9, 15]. All the five above-reported cases

[2-6] had at least one risk factor. The risk factors in our patient were advanced age, hypothyroidism, and

transfer of a cryopreserved-warmed embryo (ART) and it was likely that she had chronic hypertension.

The relative risk (RR) for the development of SPE is 6.5 (95% confidence interval [CI] 4.2—12.5) even in

patients with mild hypertension [16]. In addition, Qin et al. reported a significantly increased risk of

developing HDP in ART singleton pregnancies to spontaneously conceived singleton pregnancies (RR

1.30 [95%CI 1.04—1.62]) [17], and Sites et al. reported an increased risk for HDP in cases involving the

transfer of cryopreserved-warmed embryos as compared to fresh embryo transfer among ART

pregnancies conceived using autologous eggs (odds ratio 2.17 [95%CI 1.67-2.82]) [18]. Thus, our case

had many risk factors and was prone to developing HDP.

Various factors influence HDP onset, with an imbalance between placental growth factor (P1GF) and

soluble fms-like tyrosine kinase 1 (sFlt-1) particularly important for its onset. sFlt-1 acts as an antagonist

of vascular endothelial growth factor (VEGF) and PIGF. The sFlt-1:PIGF ratio can reportedly be used to

12



predict the development of HDP [19] and pregnancy could be continued by removing sFlt-1 by plasma

exchange [20]. However, these factors are rarely used in clinical practice in Japan. In normal pregnancy,

placental formation begins at about 7 weeks of gestation and the infiltration of extravillous trophoblast

(EVT) into the decidua is shallow until 11 weeks of gestation. At 12—16 weeks of gestation, EVT

infiltrates the myometrium and replaces the spiral arteries, allowing maternal blood to flow into the

intervillous space [21]. However, insufficient remodeling of the spiral artery causes the placenta to

become ischemic with increasing levels of inflammatory cytokines and reactive oxygen species,

increasing sFlt-1, and decreasing PIGF in HDP cases. Increased sFlt-1 suppresses the action of VEGF and

causes systemic vascular endothelial cell damage [22]. In the kidney, impaired VEGF function results in

endothelial cell damage and podocytopathy, leading to the appearance of urinary proteins [23]. In this

case, sFlt-1 was predicted to increase because fetal echography had already revealed fetal growth

restriction and placental blood flow insufficiency at the time of admission. Therefore, we did not measure

sFlt-1 in this case. Levine et al. reported increased sFlt-1 from 5 weeks before the onset of HDP [24]. This

suggests that our case might have increased sFlt-1 levels from 4 weeks of gestation, before placental

formation. Additionally, there may have been a deficiency in immune tolerance to the fetus. A deficiency

of immune tolerance has also been proposed as a cause of HDP. The regulatory T cells play an important

role, especially during the implantation stage, while macrophages and natural killer cells play an

important role in the subsequent placental formation [25]. Decreased regulatory T cells have been

13



reported in patients with HDP [26]; thus, we speculated that the abnormalities due to immunological

incompatibility in our case may have occurred from the very early stages of pregnancy.

In a typical case of HDP, EDD is observed in subendothelial lesions by electron microscopy and IgM

and fibrinogen immunostaining, with positivity for IgA, IgG, and complements sometimes is also

observed in immunofluorescence examinations. The depositions are reportedly not immune complexes

but rather fibrinogen-based exudative substances caused by increased permeability due to endothelial

damage [27]. We also confirmed by mass spectrometry in our case that no immunocomplexes were

attached. Based on these findings, the renal pathology in our case was consistent with HDP, and she was

finally diagnosed with TMA due to HDP.

HDP-induced renal damage is reversible and has a relatively good prognosis. In our case, the renal

manifestations tended to improve rapidly from the end of pregnancy. However, the patient’s BP was

increased without aggravation of abnormal urinary protein excretion after the discontinuation of

antihypertensive drugs 2 months after the end of pregnancy. The patient may have had predisposing

factors for hypertension before pregnancy. Additionally, renal injures caused by HDP may have affected

her BP after the end of her pregnancy. The pros and cons of a next pregnancy require careful

consideration, as the relative risks of developing HDP at the next pregnancy are high for pregnant women

with a history of HDP during the first pregnancy (RR 32 [95%CI 17-48]) and it is likely to recur,

especially if it develops early in pregnancy [28]. If the patient would like to get pregnant again, we plan to

14



screen for the presence of non-conventional aPL. If she tests positive, we would consider her as an SN-

APS patient and initiate antiplatelet therapy.

In conclusion, we report a rare case of severe HDP that developed at 9 weeks of gestation with

diffuse endotheliosis and pathology of secondary FSGS. Our case is the earliest report of HDP onset. As

the number of pregnant women with similar risk factors for HDP, as in our case, is predicted to increase

with the aging of pregnant women in Japan, it is necessary to distinguish not only specific underlying

glomerular diseases but also HDP, especially in pregnant women with risk factors for HDP before 20

weeks of gestation.
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Figure legends:

Figurel: Renal biopsy findings

(a) Most of the capillary lumens are narrowed due to endothelial cell swelling (periodic acid-Schiff stain;

X 400). (b) Glomerular epithelial hypercellularity and sclerosing change and adhesion of glomerular
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capillaries to Bowmans’s capsule are observed (indicated by an asterisk) (periodic acid-Schiff stain; X 400).

(c) The glomerular basement membranes show partial double contours (indicated by arrows) (periodic acid-

silver methenamine stain; X 1000) (d) Immunofluorescence staining showing positive immunoglobulin

(1gG) staining of mesangial and capillary areas (< 400). (e) Electron microscopic examination showing

endothelial cell swelling with disappearance of the fenestra (arrows) and subendothelial edema (asterisk).

(f) Electron microscopic examination showing narrowing of the capillary lumens due to endothelial cell

swelling with electron-dense deposits (EDD) (asterisk).

Figure2: Clinical course of the patient.

The solid line indicates serum creatinine (Cr) levels. The black bars indicate the urinary protein (UP)

excretion levels. The dashed and dotted lines indicate the systolic blood pressure (SBP) and diastolic blood

pressure (DBP), respectively.
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Table 1 Laboratory data on admission

Blood cell count Immunology Endocrinology

WBC 11190 /uL CRP 0.95 mg/dL TSH 0.35 uU/mL

Hb 11.7 g/dL 19G 550 mg/dL FT3 2.9 pg/mL

Plt 17.4x10* /uL IgA 117 mg/dL FT4 1.4 ng/dL
IgM 92 mg/dL

Blood chemistry CH50 60 U/mL Urinalysis

TP 5.1 g/dL C3 129 mg/dL Gravity 1.016

Alb 2.5 g/dL C4 21 mg/dL pH 55

T-Bil 0.6 mg/dL Antinuclear antibody Protein 7.5 g/day

AST 63 IU/L Homogenous 1:80 Blood 1-4 IHPF

ALT 84 IU/L Speckled 1:80 Ccr (24hours) 92.1 mL/min

LDH 486 IU/L Anti-ds DNA antibody <10 U/mL

ALP 394 IU/L Anti-Smith antibody ) NAG 35E U/L

yGTP 70 IU/L Anti-B2-glycoprotein I antibody ~ <1.2 U/mL B2-MG 169 ug/L

BUN 11.6 mg/dL Anti-cardiolipin antibody <8 U/mL al-MG 23 mg/L

Cr 0.69 mg/dL Lupus anticoagulant 1.07

UA 6.0 mg/dL

eGFR 78 ml/min/1.73m?  Coagulation

Na 139 mEq/L PT 9.8 sec

K 3.6 mEqg/L PT-INR 0.8

Cl 105 mEq/L APTT 27.9 sec

Ca 8.1 mg/dL Fibrinogen 468 mg/dL

P 4.8 mg/dL D-dimer 5.2 pg/mL

Glucose 114 mg/dL AT 88 %

HbAlc (NSGP) 5.3 % ADAMTS13 90 %

Haptoglobin 26 mg/dL

AbDreviation: WBC, white plood cell, Hp, hemoglobin; PTt, platelet; TP, total protein; Alb, albumin; T-Bil, total pIlirupin; AT, aspartate aminotransferase; ALT,
alanine aminotransferase; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; YGTP, y-glutamyl transpeptidase; BUN, blood urea nitrogen; Cr, creatinine;

UA, uric acid; eGFR, estimated glomerular filtrationn rate; CRP, C-reactive protein; CH50, complement activity; PT, prothrombin time; INR, International
Normalized Ratio; APTT, activated partial thromboplastin time; AT, antithrombin; ADAMTS13, a disintegrin and metalloproteinase with a thrombospondin type 1

motif, member 13; TSH, thyroid stimulating hormone; FT3, free thyroxine 3; FT4, free thyroxine 4; Ccr, creatinine clearance; NAG, N-acetylglutamate ; MG,
microglobulin .
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