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Abstract: Background: Preeclampsia (PE) and eclampsia remain leading causes of maternal and fetal mortality
worldwide. The kidney is considered the first and most severely affected organ in women with PE/eclampsia. In this
study, we analyzed new morphologic features of kidney biopsies and clinical findings in patients with PE or eclamp-
sia at our hospital. Methods: Eight patients with PE/eclampsia underwent renal biopsies during the antepartum
(3/8) or postpartum (5/8) period. Maternal clinical findings, major serological indices, neonatal outcomes, and
renal histopathologic and immunofluorescent characteristics were reviewed for each case. Results: Most patients
had abnormal serum cholesterol (8/8), triglyceride (6/8), albumin (7/8), and uric acid (5/8). The ratio of blood urea
nitrogen (BUN) to serum creatinine (SCr) was elevated in all patients. Five of eight newborns survived. Various de-
grees of morphologic change were present in the renal glomeruli, and were associated with proteinuria. All patients
had deposition of complement factor 4 (C4) in the renal glomeruli and seven had deposition of immunoglobulin
M (IgM). Conclusion: Endotheliosis, vacuolation of podocytes, proliferation of mesangial cells, and protein casts in
the tubule lumens were found in the kidneys of women with PE/eclampsia. Immune depositions of C4 and IgM are
major contributors to renal lesions in preeclamptic patients, whose neonates can generally survive. Eclampsia can
occur without increased blood pressure.
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Introduction also an important cause of both perinatal fetal
and peripartum maternal death [6].

Scientists and clinicians have studied pre-
eclampsia (PE) and eclampsia for several
decades. The conditions remain life-threaten-
ing complications of pregnancy and leading
causes of maternal and fetal morbidity and
mortality around the world, especially in devel-
oping countries. PE is defined as de novo hyper-
tension (= 140/90 mmHg) with substantial pro-

The pathogenesis of PE/eclampsia remains
unclear because it is a multifactorial disease
with no single causative factor [7]. A multi-stage
hypothesis can explain many of the multisys-
temic pathological alterations [8], including ini-
tial abnormal immune tolerance, followed by
abnormal placentation and spiral artery remod-

teinuria (= 0.3 g/24 h) at or after 20 weeks’
gestation [1, 2]. The worldwide incidence of PE
is 2-8% [3]. It has been reported that nearly a
half of maternal deaths and more than a half of
fetal deaths can be attributed to PE worldwide
[4], and that PE increases the risk of maternal
cardiovascular disease later in life [5]. Eclamp-
sia is defined as seizures occurring as a result
of PE without any other explicit causes, and is

eling, and subsequent placental hypoxia-isch-
emia, which induces the release of placenta-
derived adverse factors into the maternal circu-
lation. These factors can cause systemic inflam-
mation and have extensive effects on the mat-
ernal body, and the kidney is usually the first
and most severely affected organ. Thus, the
Kidney deserves particular attention because
of its significant physiological and pathologic
changes during pregnancy.
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The main purpose of renal biopsy in preeclamp-
tic patients is to examine the intrinsic etiology
and histopathology of renal injuries, and to
determine definitively the best therapeutic
strategies for patients. For example, the diag-
nosis of latent or chronic renal disease during
pregnancy with high blood pressure would dic-
tate further treatment and maintenance of
pregnancy, whereas the diagnosis of PE would
lead to immediate termination of pregnancy.
Percutaneous renal biopsy by ultrasound-guid-
ed fine needle aspiration is a frequently used
method to distinguish the cause of renal dam-
age, despite its debated safety in pregnancy
[9]. Because of the risk of fetal or maternal
complications, renal biopsy should be delayed
until the postpartum period in patients with
definitively diagnosed renal disease or with no
features of systemic disease [10].

There are few immunofluorescent studies on
the deposition of crucial antibody or comple-
ment within the renal glomeruli of PE patients
[14]. In this study, we focused primarily on the
histopathologic and immunofluorescent char-
acteristics of kidney biopsies taken antepar-
tum or immediately postpartum from PE pati-
ents. Maternal and neonatal clinical findings
and major serological indices were also ana-
lyzed. This study provides new morphologic
findings, new clinical findings, and new serologi-
cal predictors of PE/eclampsia for a better un-
derstanding of this challenging disease.

Methods
Subjects

From January 2007 to January 2012, eight
renal biopsies were performed on patients dur-
ing pregnancy or immediately after delivery at
our hospital. Renal biopsies were performed for
clinical purposes during pregnancy to help dif-
ferentiate renal disease secondary to severe
PE and eclampsia from other renal diseases,
and in the postpartum period to confirm the
degree of renal injury as a guide to treatment
[12]. Patients were diagnosed with either se-
vere PE or eclampsia according to the criteria of
Williams Obstetrics (23rd edition). PE was
defined as blood pressure > 140/90 mmHg on
two or more readings after 20 weeks’ gestation
and without previous hypertension history,
combined with proteinuria >0.3 g/24 h or > 1+
in random clean-catch midstream urine col-
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lected for dipstick testing. Severe PE was
defined as systolic blood pressure > 160 mmHg
(with or without diastolic blood pressure > 110
mmHg) and proteinuria (= 2 g/24 h urine or >
2+), as we have previously described [13, 14].
Eclampsia was defined as seizures in a woman
with PE that could not be attributed to other
causes. None of the patients had a history of
diabetes mellitus, systemic lupus erythemato-
sus, chronic hypertension, nephropathy, or
recent urinary tract infection.

The study protocol was reviewed and approved
by the Research Ethics Committee of Daping
Hospital, and informed consent was received
from all participating patients and their fami-
lies. The patients were thoroughly informed
about the renal biopsy procedure and the risk
of complications, including renal hematoma or
hematuria, and they agreed that their renal tis-
sue could be used for additional research.

Preparation for biopsy

All pregnancies were dated according to ultra-
sonographic measurement of the fetal bipari-
etal diameter and crown-rump length at the
10" to 12™ week of gestation, and renal biop-
sies were obtained during the 23™ to 38" ges-
tational week. Electrocardiogram, complete
blood cell counts, blood typing, and blood coag-
ulation testing (including plasma-activated par-
tial thromboplastin time and plasma prothrom-
bin complex activity) were checked for normali-
ty the day before biopsy. Serum creatinine, urea
nitrogen, and urine protein were also tested to
further clarify the state of iliness. To determine
Kidney size, morphology, and cortical thick-
ness, an ultrasound exam was performed prior
to biopsy. The puncture process was explained
to patients to ensure their close cooperation.
Patients were trained in advance to hold their
breath and to urinate in bed so as to adapt
themselves to the conditions during and after
the biospy. Patient blood pressure was main-
tained close to 140/90 mmHg by continuous
intravenous infusion of nicardipine hydrochlo-
ride at a rate of 0.5-3 ug/(kg:min).

Fine needle aspiration

The eight renal biopsies were performed by the
same highly experienced nephrologist accord-
ing to a standardized procedure. The right kid-
ney was preferred unless there was pronounced
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Table 1. Maternal characteristics and clinical features

Patient Age Gesta.tion Gest.ation at Gravidity Parity Systolic pressure Diastolic pressure 24 h .urinary Plrincipe?l

(No.) (yr) atdelivery biopsy (mmHg) (mmHg) protein (g/L) diagnosis
1 32 33wkbd Postpartumd 3 2 0-1-1-1 180 100 2.47 sPE

2 37 23wk4d Postpartumd 1 4 1-0-2-1 180 100 0.92 sPE

3 30 34wk4d 28wk 1d 2 0-1-1-1 150 110 4.02 sPE

4 33 33wk6d 30wk5d 5 1-1-3-2 150 105 3.41 sPE

5 24 38wk4d Postpartumdb 1 1-0-0-1 135 93 8.91 Eclampsia
6 34 34wk2d 28wk 3d 1 0-1-0-1 160 110 17.16 sPE

7 28 32wkOd Postpartumd5 1 0-1-0-0 180 110 4.8 sPE

8 26 33wk6d Postpartumd?7 2 1-1-0-0 160 120 3.58 sPE

sPE: severe preeclampsia.

hydronephrosis. The patient lay in a prone posi-
tion, with a firm pillow positioned below the cos-
tal margin to fix the bilateral kidneys. After rou-
tine sterilization with iodophors, the skin at the
insertion position was covered with a sterile
drape. Local anesthesia was achieved with
8-10 mL of a 2 mg/mL solution of lidocaine
hydrochloride deposited subcutaneously and
towards the kidney. A 3- to 5-mm skin incision
was made, and renal tissue was obtained using
an automated biopsy device (Bard Biopsy
Systems, Tempe, AZ, USA) and an 18-gauge
disposable cutting needle. The biopsy device
was fitted with an ultrasonographic transducer,
which allowed real-time ultrasound evaluation.
The scanning profile was adjusted according to
the biopsy guidelines on the ultrasonography
platform to facilitate the choice of biopsy sites
within the kidney [15]. When the needle tip
reached the renal capsule, the physician
instructed the patient to hold her breath. The
needle promptly penetrated the renal capsule
and retrieved a small biopsy sample, approxi-
mately 20 mm in length. As a rule, two samples
from two specific locations were taken from
each patient, including the caudal pole and a
renal column (renal cortex between two pyra-
mids). The biopsy samples were immediately
immersed in sodium chloride solution.

All patients remained in a decubitus position
for 24 h, and were monitored for complications
after biopsy. Urine color was continuously
observed. Vital signs including blood pressure,
heart rate, and respiratory frequency were
measured every 30 min for 6 h, and then hourly
for an additional 6 h. Fetal heart rate was moni-
tored for 1 h following the biopsy procedure.
The punctured kidney was re-examined by
ultrasonography. Patients were encouraged to
drink extra water to induce mild diuresis to
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avoid urinary obstruction by blood clot after
renal hemorrhage. To prevent infection and
hemorrhage, antibiotics and hemostatics were
administered intravenously for 2-3 days.

Light microscope and immunofluorescence
analysis

Freshly biopsied tissues were fixed with 10%
polyoxymethylene in phosphate-buffered solu-
tion (PBS) for 24 h at 4°C, and then dehydrated
in 30% sucrose in PBS for another 24 h. The
specimens were then embedded in paraffin
using standard techniques. Histological sec-
tions 6 ym thick were applied to polylysine-
treated microscope slides and air dried over-
night at room temperature [16]. The sections
were divided into two groups for either light
microscope or immunofluorescence analysis.
The sections examined by light microscope
were stained with hematoxylin-eosin, periodic
acid-Schiff (PAS), and Masson trichrome. Imm-
unofluorescent analysis of the sections was
performed by direct staining with fluorescent-
labeled rabbit anti-human immunoglobulins (lg)
IgM, IgA, 1gG, and complement components
Cl1q, C3, and C4 [12]. Only those light micro-
scope sections containing = 10 renal glomeruli
were considered acceptable specimens for
diagnosis. Histological and pathological fea-
tures were evaluated by two experienced
pathologists with no knowledge of the patient’s
clinical condition (single blind). Finally, all sec-
tions were evaluated by a third senior patholo-
gist to minimize the possibility of observational
errors.

Endotheliosis was evaluated and semiquantita-
tively graded as none, mild, moderate, or
severe. In light microscopy, the grades were
defined as follows: none, no endotheliosis;
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Table 2. Serologic testing results

Patient Urinalysis Hepatic function tests Renal function tests
atien
. . . Total cholesterol Total bilirubin Bile acids  Triglyceride Plasma albumin BUN SCr . Serum uric acid
No.
(No.) Urinary protein Urinary occult blood (mmol/L) (umol/L) (wmol/l)  (mmol/L) &) (mmol/L) (umol/L) BUN/SCr ratio (umol/L)
1 ++++ +++ 9.08 9.6 8.1 3.75 13.3 3.87 160.0 24.2 266.8
2 +++ ++++ 6.59 13.4 14.2 2.26 26.4 4.90 168.9 29.0 201.6
3 +++ + 6.43 6 52.7 2.24 23.7 1.96 65.3 30.0 388
4 +++++ +++++ 6.22 15.7 26.5 1.43 26.6 3.84 110.0 35.0 584.6
5 ++++ + 6.17 12.9 13.3 1.22 16.3 2.88 90.0 32.0 631.5
6 ++++ +/- 8.2 12.1 9.1 3.41 23.2 3.64 52.4 69.5 481.5
7 +++ + 6.26 11.9 3.2 2.26 43.4 1.54 52.5 29.3 377.9
8 +++ ++ 6.0 7.2 14.6 1.73 18.3 1.97 44.6 44.2 184.0
Table 3. Mode of delivery and neonatal characteristics
Maternal Neonatal
Subject (No.) Delivery Mode  Apgar Score Fetal weight (g) Morbidity Mortality
1 Caesarian Section 9-9-9 2120 Pathologic jaundice, low birth weight Survived
2 Induced Labor - Unknown - Neonatal death
3 Caesarian Section 10-10-10 1380 Acute respiratory distress syndrome; pathologic jaundice; intrauterine growth restriction; very low birth weight Survived
4 Caesarian Section 9-9-9 2150 Pathologic jaundice, anemia, low birth weight Survived
5 Caesarian Section 10-10-10 2700 None Survived
6 Caesarian Section 10-10-10 2150 None Survived
7 Induced Labor - Unknown - Intrauterine fetal death
8 Induced Labor - Unknown - Intrauterine fetal death
Table 4. Light microscope findings with HE staining
Number of injured glomeruli in different Characteristics of glomeruli
. degrees
Subject Cells per
N : ) Patency of
(No.) Segmental  Global Super-  glomerulus , Endothelial Endo- ) Mesangial )
Intact . : Volume Bowman'’s capsule .. Podocytes Mesangial cells ) capillary
sclerosing sclerosing  seded cells theliosis matrix loops
1 11 3 0 4 110 + 10 Slightly One capsule wall thick- Vacuolation None Vacuolation Proliferation Segmental Poor
enlarged ened and laminated, two increase
adhesions of glomerulus
and capsule
2 21 0 0 3 105 + 10 Slightly No thickening lamina- Vacuolation Moderate Vacuolation Mild proliferation Slight Good
enlarged  tion, or adhesions segmental
increase
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3 28 0 105 + 10 Slightly One capsule wall thick- Vacuolation Moderate Vacuolation Mild proliferation Slight Good
enlarged ened and laminated, two segmental
adhesions of glom- increase
erulus and capsule, one
parvicellular crescent
and two cellular fibrinous
crescents
4 38 0 100 + 10 Slightly No thickening, lamina- In pairs and par- Mild Vacuolation  Mild proliferation  No increase Fair
enlarged tion, or adhesions tial vacuolation
5 11 0 110 + 10 Enlarged  Two capsule walls thick-  In pairs and par- Mild Vacuolation  Mild proliferation Slight Fair
ened and laminated, no  tial vacuolation increase
adhesions, inflammatory
cell infiltration around
glomerulus
6 24 0 100 + 10 Slightly No thickening, lamina- In pairs and Severe  Vacuolation Mild proliferation Slight Fair
enlarged tion, or adhesions swollen increase
7 26 2 105 + 10 Slightly Two capsule walls thick-  In pairs and par- Mild Vacuolation  Mild proliferation  No increase Fair
enlarged ened and laminated, one tial vacuolation
adhesion of glomerulus
and capsule
8 46 0 100 + 10 Slightly No thickening, lamina- In pairs and par- Mild Vacuolation  Mild proliferation  No increase Fair
enlarged  tion, or adhesions tial vacuolation
Table 5. Microscopic findings with PAS and immunofluorescent staining
Subject PAS staining Immunofluorescent staining
(No.) Glomerular basement membrane Renal tubule IgM C4 C3 1gG IgA Clq Deposit area
. ) . Deposits in capillar
1 Vacuolation Protein cast in lumen ++ o+ + - - P priary
loops
. . . . . . . Deposits in capillar
2 Thickening, no prominent spike or double track sign Protein cast in lumen - + - - - - Ioor:)s prilary
. . . Protein cast in lumen, focal atrophy, interstitial Deposits in capillar
3 Thickening and segmental double track, but no spike ) ) . . p‘ y . ++ - - - - P piiary
fibrosis, and inflammatory cell infiltration loops
. . . . . . Granular deposits alon
4 Thickening, accidental double track, but no spike Protein and red blood cell casts in lumen + + - - + - . P g
capillary loops
5 Vacuolation, false double track sign, subepithelial fuch- Small necrotic focus, interstitial fibrosis and o+ + Deposits in capillary
sinophilic deposits inflammatory cell infiltration loops
) . . ; . . Deposits along mesan-
6 No thickening, prominent spike, or double track Small protein cast in lumen ++ o+ ++ - + - gia?area g
) ) ) ) ) ) Granular deposits alon
7 Thickening, but no prominent spike or double track Small protein cast in lumen ++ o+ ++ - + - . P €
capillary loops
Thickening, delamination in outer capillary loop, segmental . . Granular deposits alon
8 & ; - P ) Y . 'p g . Small protein cast in lumen ++ o+ - ++ 4+ - ) P g
double track, slight subepithelial fuchsinophilic deposits capillary loops
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mild, less than 20% obliteration of the glomeru-
lar capillary lumen; moderate, 20-80% oblitera-
tion of the lumen; severe, more than 80% oblit-
eration of the lumen [15].

Results
Clinical manifestations and laboratory findings

In this study, eight women, aged 24-37 years
(mean, 30.5 + 4.1 years), underwent renal
biopsies, including three antepartum and five in
the first 2 weeks postpartum (Table 1). All
patients were given antihypertensive medica-
tion at the time of biopsy. The patients all had
pitting edema of both lower extremities. Five
women were nulliparous and three were mul-
tiparous. Their maximal blood pressures met
the standard of systolic pressure > 140 mmHg
and/or diastolic pressure = 90 mmHg. Although
the 24 h urinary protein of one patient (No. 2)
did not meet or exceed 2 g (Table 1), her ran-
dom urine protein was +++ (Table 2), meeting
the criterion for diagnosis of severe PE.
Therefore, all patients were diagnosed with
severe PE except one patient with eclampsia
(Table 1). One patient (No. 5) had a generalized
seizure after admission for treatment of PE
complicated by edema, hypertension, and pro-
teinuria. The seizure could not be attributed to
other causes, so the patient was diagnosed
with eclampsia. The blood pressures of all
patients decreased to normal levels within 1
week after placental expulsion. All eight women
had singleton pregnancies.

All patients presented with greater than +++
random urine protein and with microscopic
hematuria of different degrees (Table 2). In
addition to those laboratory tests conducted to
prepare for biopsy, blood tests included choles-
terol, plasma albumin, bile acids, triglyceride
(TG), total bilirubin, blood urea nitrogen (BUN),
and serum creatinine (SCr) (Table 2). All
patients had high cholesterol (= 6 mmol/L),
and most also had elevated TG (= 2.00 mmol/L).
Although the total bilirubin of all patients was
within the normal range, more than a half had
elevated bile acids, with one reaching 52.7
pmol/L (No. 3). All patients had very low plasma
albumin levels, with a mean of 23.9 + 4.1 g/L.
The lowest plasma albumin was 13.3 g/L
(Table 2). Five patients had markedly elevated
BUN; however, only patient No. 6 had an espe-
cially high BUN/SCr ratio, because the level of
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SCr generally elevated correspondingly. Another
important marker of renal function, serum uric
acid (SUA), rose significantly in five patients,
with a mean of 23.9 + 4.1 g/L (Table 3).

For two cases of intrauterine fetal death the
fetal body weights were not measured because
of the guardians’ refusal (Nos. 7 and 8). In the
case of one neonatal death at another hospital,
the neonate’s body weight was also unknown
(No. 2). The other neonates all survived, accord-
ing to our follow-up. The Apgar scores of the
surviving neonates 1 min-5 min-10 min after
birth were all > 9-9-9 (Table 3). One neonate
with a body weight of 1380 g was diagnosed
with pathologic jaundice, intrauterine growth
restriction, and very low birth weight (No. 3).
This newborn and two others (Nos. 1 and 4)
who were diagnosed with pathologic jaundice
were sent to the neonatal intensive care unit at
Daping Hospital immediately after birth for
treatment. Detailed data are shown in Tables 1,
2,and 3.

Pathological characteristics of renal tissues

At least two bands of renal cortex and medulla
tissues were taken for full examination from
each biopsy sample. Each sample contained
more than 10 glomeruli, with a mean of 25.6 +
12.1, to ensure the diagnostic quality of each
pathological section. The sample from patient
No. 1 had three segmental sclerotic, four com-
pletely superseded, and 11 intact glomeruli.
The sample from patient No. 3 had five global
sclerotic and 28 intact glomeruli. Other patients
had only three superseded glomeruli (No. 2) or
two segmental sclerotic glomeruli (No. 7), or no
injured glomeruli observed under the light
microscope. Each intact glomerulus contained
approximately 100-110 + 10 cells. The glomer-
ular volume was slightly high in most samples,
but one sample had an increased volume with
inflammatory cell infiltration surrounding the
glomerulus (No. 5). Four patients’ sections dis-
played one or two thickened and laminated
capsule walls, as well as adhesions between
glomeruli and capsule to different degrees
(Nos. 1, 3, 5, and 7). The other four patients
showed no thickening, lamination, or adhesions
of Bowman'’s capsules to glomeruli (Nos. 2, 4,
6, and 8). Vacuolation appeared in the endothe-
lial cells of three biopsy samples (Nos. 1, 2, and
3), while in the other five samples the endothe-
lial cells displayed partial vacuolation or swell-
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Figure 1. Typical pathological and immunofluorescent features of renal glomeruli in a patient (No. 6) with severe
preeclampsia. (A, B) PAS staining of renal glomeruli. Mesangial cells and mesangial matrix of the glomeruli are
increased slightly. Most endothelial cells are swollen, and some present in pairs (A) while some show vacuolation
(B). The glomerular basement membrane shows no thickening, no spikes, and no track formation. A small amount
of protein is seen in the renal tubular lumen. No significant tubular atrophy, interstitial fibrosis, or mononuclear
cell infiltration are present in the renal glomeruli. The arch arteries and interlobular arteries also have no obvious
abnormalities. (C-F) Immunofluorescent staining of renal glomeruli. Both 1gM (D) and C3 (F) are deposited along
the mesangial area with strong fluorescence intensity (++). The depositions of IgA (C) and C4 (E) are observed, but
the fluorescence intensity is weak (+). The fluorescence of IgG and C1q were not observed (not shown). Original
maghnification x200.

ing. Patient No. 6, whose six renal pathological with severe PE based on a 24 h urinary protein
sections are shown in Figure 1, was diagnosed of 17.16 g/L. Most of the endothelial cells
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appeared in pairs in one glomerulus (Figure
1A), and displayed diffuse cytoplasmic vacuo-
lation in another glomerulus (Figure 1B).

The renal glomeruli in most biopsy samples had
endotheliosis of different grades on semiquan-
titative microscopic examination. The glomeru-
lar endotheliosis contributed directly to occlu-
sion of the capillary loops. Details of the endo-
thelial manifestations and degrees of capillary
loop occlusion are shown in Table 4. The glo-
merular podocytes were vacuolated in all
patients. There was mild proliferation of mesan-
gial cells in all subjects, and moderate prolifer-
ation in one (No. 1). The extent of mesangial
matrix increase varied among patients, and
included segmental increase, slight increase,
slight segmental increase, and no obvious
increase. The specific results from each patient
are shown in Table 4.

Changes in glomerular basement membrane
and kidney tubules

Pathological changes in the glomerular base-
ment membrane (GBM) and kidney tubules
were analyzed using PAS staining (Table 5).
Various pathological changes were present in
the GBM in these patients. None of the GBM
showed rete pegs. The GBM of five patients
were thickened, with segmental, accidental, or
no double track, or even false double track sign
(Nos. 2, 3, 4, 7, and 8). Another two patients
had vacuolated GBM (Nos. 1 and 5), and the
final patient showed no thickening or double
track sign in the GBM (No. 6). There were sub-
epithelial fuchsinophilic deposits in the GBM of
two subjects (Nos. 5 and 8). The outer capillary
loops in the GBM of one patient were delami-
nated. Seven patients had protein casts in the
tubule lumens. Red blood cell casts were also
found in the lumen of one patient’s renal
tubules (No. 4). Focal atrophy, interstitial fibro-
sis, and inflammatory cell infiltration were
found in the renal tubules of two patients (NOs.
3 and 5).

The immunopathologic characteristics of the
glomeruli and adjacent tissues were revealed
by immunofluorescent staining (Table 5).
Complement component 4 (C4) was positive or
strongly positive (+/++) in the glomeruli of all
patients. However, only two displayed strongly
positive complement component 3 (C3) and
only one had positive complement component
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1q (C1q). IgM was positive or strongly positive
(+/++) in all but one patient, while 1IgG was neg-
ative (-) in all patients except No. 5. IgA varied
from ++, +, £, to - among patients. The immuno-
fluorescent staining results from the renal
glomeruli of patient No. 6 are shown in Figure
1. The fluorescence intensity of IgM and C3
were both strongly positive (++), with green fluo-
rescence mainly distributed on the surface of
endothelial cells (Figure 1D and 1F). The fluo-
rescence intensity of IgA and C4 were mild and
positive (+ and +), respectively (Figure 1C and
1E). The immune deposits in most renal glom-
eruli, both granular and linear, were positioned
in or along the capillary loops. In one patient,
the immune complex depositions were distrib-
uted along the mesangial area.

Discussion

Maternal characteristics and outcomes of bi-
opsy cases

PE is a serious gestational complication world-
wide that causes short- and long-term morbidi-
ty, and eclampsia is potentially lethal for both
pregnant women and newborns. The patient in
our study who suffered from eclampsia (No. 5)
did not show any signs or complain of discom-
fort in advance. Her blood pressure was only
135/93 mmHg. This finding reminds us of the
importance of vigilance to prevent the occur-
rence of eclampsia in patients without symp-
toms and without markedly elevated blood
pressure. This patient’s urinalysis results and
renal and hepatic function tests were not
extremely abnormal, except for SUA. Although
SUA has not been considered a good predictor
of PE in the past [17, 18], an increasing number
of studies have found that high SUA levels in
women with gestational hypertension indicate
a high risk of developing adverse pregnancy
outcomes, including HELLP syndrome and
eclampsia [19-21]. All but one patient in this
report was under 35 years of age, although
maternal age over 35 years is an independent
risk factor for PE [22]. This finding indicates
that younger mothers are also susceptible to
severe PE and eclampsia. Severe PE and
eclampsia can occur in both primiparae and
multiparae.

A variety of complex changes in hepatic func-
tion and lipid profile metabolism occur in preg-
nant women, and some serological markers
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reach very high levels in patients with PE or
eclampsia [23]. There is evidence that a signifi-
cant change in the absolute magnitude of liver
function tests is related to bad perinatal out-
comes [24]. Cholesterol acts as an atherogenic
lipid, which may contribute to endothelial cell
dysfunction and different pathologic process-
es, inducing hypertension [25]. The total cho-
lesterol levels of all eight patients in this study
were elevated. The patients’ normal total biliru-
bin levels indicated no severe liver disease or
biliary obstruction, a finding in agreement with
previous studies [26]. The bile acids of five
patients were elevated to > 10 ymol/L. Serum
bile acids are synthesized in the liver from cho-
lesterol and may be a potential predictive bio-
marker for PE [27]. Five patients in our study
showed a high TG level, a common feature of
metabolic syndrome. There is a consistent pos-
itive association between increased serum TG
and the occurrence of PE, but further research
is needed [28]. In recent years, TG assessment
has been considered a good predictor of PE
during the third trimester of pregnancy [29].

Most pregnant women have low plasma albu-
min levels because of maternal metabolism
and fetal absorption. In preeclamptic women,
hepatic blood flow is reduced because of the
high filtration pressure in the capillaries, lead-
ing to a decline in plasma albumin production.
At the same time, various renal injuries, espe-
cially glomerular endothelial injury, can result in
albuminuria (see below). Thus, all but one
patient in our study has decreased plasma
albumin levels. Plasma albumin is not an inde-
pendent marker for the severity of PE or for
other probable adverse complications and con-
ditions [30]. However, previous investigations
have found that hypoalbuminemia is an early
sign of developing PE [31]. More stringent trials
are necessary to resolve this controversy.

BUN is produced in the liver as a by-product of
protein metabolism, and is excreted through
the kidneys, and thus is an important indicator
of renal and liver function [32]. As pregnancy
continues, BUN decreases because of
increased glomerular filtration rate (GFR) and
blood volume as well as decreased maternal
protein metabolism [33]. SCris commonly used
to assess renal function, but is influenced by
many factors, including age, body size, diet,
drugs, gender, and race. In our study, the BUN/
SCr ratio of all patients was higher than 20:1,
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indicating severe impairment of renal function
[32, 34, 35]. Some studies have suggested
that the BUN/SCr ratio is not an adequate indi-
cator of renal lesions in PE patients [36, 37],
although some researchers have considered it
a substitute for 24 h urine protein testing [38,
39]. Based on our findings, we recommend the
BUN/SCr ratio as a new predictive factor for
severe PE.

Fetal outcomes of biopsy cases

Three patients (Nos. 2, 7, and 8) received initial
treatment at other primary hospitals, and
chose labor induction to terminate pregnancy.
One premature infant did not survive because
of early gestational age (23 weeks, 4 days). The
other five patients gave birth by caesarean sec-
tion, and four of these neonates with low birth
weight survived. They were sent to the neonatal
intensive care unit at our hospital immediately
after birth. With spreading improvements in the
clinical management of neonates, the mortality
of very low birth weight newborns of preeclamp-
tic pregnancies in developing countries has
decreased drastically in recent decades [6].
The Apgar scores of the neonates in this study
were favorable, although most were at only
32-34 weeks' gestation. The placenta in
patients with PE is chronically ischemic and
hypoxic [40], so that the fetus grows in an envi-
ronment lacking nutrition and oxygen. These
conditions may lead to increased ability of pre-
mature newborns to survive the extrauterine
environment and obtain high Apgar scores,
even when the birth weight is very low.

Complications and significance of renal biopsy

Pregnancy is regarded by many clinicians as a
relative contraindication for renal biopsy
because of the underlying risk of complica-
tions. It is recommended that renal biopsy be
considered if a pregnant woman shows sudden
deterioration for unknown reason before 32
weeks’ gestation [15, 41]. In our hospital, the
outcome of neonates after week 30 is generally
good, regardless of the underlying condition.
This information provides strong support for a
wide time window, usually before gestational
week 30, for performing renal biopsy. In fact,
our treatment level compares favorably with
neonatal intensive care in developed countries
[9]. Close maternal and fetal assessments are
undoubtedly indispensable after renal biopsy.
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Previous studies have reported that the major
complications of renal biopsy include post-
biopsy hemorrhage, perirenal hematoma, infec-
tion, perirenal abscess, and even sepsis [42].
The incidence of complications is controversial,
varying from 2% to 6.7% [10]. In our study, most
participants merely underwent minor discom-
fort, and two patients complained of loin pain,
while others had no complications. A low dose
of an analgesic such as ibuprofen effectively
alleviated the loin pain. All patients had fully
recovered within 2 days. Our obstetricians and
nephrologists agree that renal biopsy should
not be considered if the patient’s blood pres-
sure is poorly controlled, or if the patient has a
severe hemorrhagic tendency. Renal biopsy
should be recommended if the clinical evidence
for a diagnosis of PE is insufficient or when clar-
ification of the diagnosis will lead to significant
treatment decisions, for example, the decision
to terminate pregnancy. Our data support the
view that renal biopsy in pregnancy should not
be performed liberally, but is useful to help
diagnose disease and to guide therapeutic
decisions.

Glomerular lesions were present in all of our
patients. Generally, the magnitude of the glo-
merular lesions increased with worsening clini-
cal condition, a finding in accordance with a
previous study [43]. Glomeruloendotheliosis in
different degrees was noted in seven patients.
Four patients (Nos. 1, 3, 4, and 5) were advised
to prolong their pregnancies, which may have
contributed to the survival of their babies.
Although there is some evidence that glucocor-
ticoid therapy may promote the recovery from
glomeruloendotheliosis [44], we did not use
glucocorticoids antenatally in our patients
because of their potential side effects, includ-
ing fetal malformation and premature delivery.

Normal pregnancy and preeclampsia contrib-
ute to renal lesions

Normal pregnancy can cause a series of renal
changes. The length of the kidney increases by
1 cm, and renal volume increases by at least
30% because the renal vasculature and inter-
stitium enlarge. Renal blood flow increases by
80% during pregnancy. The renal collecting sys-
tem of many gravidae is mildly expanded in
middle pregnancy. These physiological changes
in the kidney during pregnancy, which can be
present even without complications, disappear
soon after delivery.
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The glomeruli, renal tubules, and arterioles all
undergo varying degrees of structural change
in preeclamptic pregnancies. The most out-
standing feature is glomerular lesions, includ-
ing slightly increased volume and decreased
capillary lumen diameter. In our findings, the
increase in glomerular volume correlated with
the severity of the patient’s clinical condition.
Glomerular changes result from endothelial
swelling, vacuolization of endothelial fenestrae,
and encroachment in the capillary lumen, a
combination of changes known as endothelio-
sis, which can lead to occlusion of capillary
lumens and ischemia. Although endotheliosis
occurs in normal pregnancy, diffuse glomerular
endotheliosis is a specific and pathognomonic
feature of glomerular lesions of PE patients
[45, 46].

The GFR increases from the 6™ gestational
week until delivery in normal pregnancy, but
SCr, BUN, and SUA decrease. Renal ultrafiltra-
tion in pregnant women is caused by decreased
wall pressure of blood flow across the glomeru-
lar capillaries. A study of renal physiology
reported that PE patients suffer hypoperfusion
of renal plasma flow to different degrees [47].
The low filtration in PE patients is secondary to
the structural glomerular changes. As previous-
ly reported and confirmed by our findings, the
effective filtration area of preeclamptic kidneys
decreases significantly because of fibrinoid
deposition and mesangial cell proliferation. The
glomerular endothelial fenestrae are large
enough to allow passage of albumin and immu-
noglobulin. The reduction in the density and
aperture size of the endothelial fenestrae,
together with the accumulation of subendothe-
lial fibrinoid deposits, depress the glomerular
hydraulic permeability by 25-30% [47]. In fact,
it has been reported that plasma albumin does
not penetrate significantly into endothelial
fenestrae during normal blood flow [48].
However, when blood flow stops, albumin
moves into the subendothelial space, which
may be the source of subepithelial fuchsino-
philic deposits in patients with PE. The thicken-
ing and vacuolization of the GBM may result in
part from the low renal filtration in PE patients,
although this possibility has not been seriously
considered to date.

The 24 h urinary protein excretion test has
been considered the “gold standard” for quan-
titative analysis of proteinuria during pregnancy
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worldwide [17, 49]. We employed this classic
method to assess and diagnose the patients in
our biopsy study. A small amount of proteinuria
is regarded as a normal result of renal ultrafil-
tration in pregnant women. The selectivity of
solute molecules passing through renal glom-
eruli depends not only on molecular size but
also on electric charge. The renal podocytes,
adhering to the GBM with many digitations, play
a crucial role in maintaining the integrity of the
glomerular slit diaphragm, which is considered
the primary filtration barrier for macromolecu-
lar proteins [50]. If plasma proteins cannot
pass through the endothelial fenestrae, the glo-
merular capillary wall is blocked by the slit dia-
phragm, and filtration ceases [51]. The podo-
cytes in all eight of our PE patients were injured
with vacuolation, which can lead to podocyte
apoptosis, podocyte loss, and even detach-
ment from the GBM. In addition, some lesions
of the glomerulus mechanical barrier were
present, such as the double track sign and sub-
epithelial fuchsinophilic deposits. These chang-
es may partially explain the increased protein in
the urine of PE patients. At the same time, the
electric charge of protein molecules directly
affects their filtration across the glomerulus
and their reabsorption from the kidney tubules.
It has been shown that a thick (> 200 nm) layer
of highly glycosylated and negatively charged
proteins anchored in the glomerular endothelial
plasma membrane covers the endothelial cells
and endothelial fenestrae to form the endothe-
lial surface layer [52]. This layer may establish
a charge difference across the glomerular cap-
illary that further enhances its selectivity [53].
Disruption of the endothelial surface layer may
disturb its charge selectivity and alter its per-
meability to macromolecules [54, 55]. Thus,
lesions of the glomerular charge barrier may
also contribute to massive proteinuria and pro-
tein casts in the lumen of renal tubules.
Conversely, casts of different types, focal
necrosis, interstitial fibrosis, and inflammatory
cell infiltration can alter the electrical charge
microenvironment around the GBM and induce
a vicious circle of altered renal filtration.

Complement components and immunoglobulin
deposits in renal glomerulus

Pregnancy can be considered a successful allo-

transplantation. Maternal kidneys can develop
immune reactions to proteins or other sub-
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stances released from the fetus or placenta,
leading to renal lesions of different degrees,
though this is a rare occurrence. The comple-
ment system plays an important role in both
innate and adaptive immunity, engaging in
immunological attacks in seconds to opsonize
and induce the immediate release of proinflam-
matory and chemotactic peptides [56]. The
complement system can generally be activated
in three ways: the classical pathway, the alter-
native pathway, and the lectin pathway. C3
occupies a pivotal position in these comple-
ment activation pathways, and the initial recog-
nition event leads to cleavage of C3 molecules
into C3a and C3b [57]. In PE, the serum C3 con-
centration usually correlates with the patient’s
clinical outcome. C3b is involved in the produc-
tion of C5b-9 (membrane attack complex, MAC)
via the cleavage of C5 in the classical and lec-
tin pathways [58], and C5b-9 is associated with
cell injury [59]. C3a and Cba are the cleavage
products of C3 and C5, respectively. They can
bind to their corresponding receptors on vari-
ous cells (including epithelial, endothelial, and
immune cells) to induce inflammatory respons-
es. C3 depositions in the glomerulus indicate
severe glomerulopathy [60], which mainly man-
ifested in our study as endothelial cell swelling,
expansion of the subendothelial zone, duplica-
tion of GBM, and mesangial cell interposition.
C3 and MAC deposits along the basement
membrane may also partly result from renal
ischemia-reperfusion injury, which is caused by
inflammatory cascades inducing transient
interruption of renal blood flow and the subse-
quent restoration of renal blood supply [61]. C4
acts as a promoting and regulating protein,
especially in the production of MAC. C4 deposi-
tions were present in all renal glomeruli sam-
ples in this study. C1q protein, known as a com-
plex complement, is responsible for activation
of the classical pathway. It has several binding
sites for immunological molecules (including
IgG and IgM) to form immune complexes [62].
C1q deposition in the renal glomeruli of pre-
eclamptic patients may imply renal lesions,
including focal segmental glomerulosclerosis.

Immunoglobulin of different isotypes can dep-
osit in the capillary loops and mesangial areas.
Granular IgG depositions along glomerular cap-
illary loops can directly lead to delamination of
the outer capillary loop, and to subsequent
mesangial proliferation and segmental double
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track. However, the patient's condition and
serum IgG levels may not correlate with the
density of 1gG deposits [63]. The morbidity
caused by glomerular IgG depositions is lower
than that caused by IgM or IgA. IgM is a large
molecule with a polymeric structure and a high
avidity for antigen. Thus, IgM contributes great-
ly to activation of the complement system and
is particularly effective in causing C3b to bind
to antigen [64]. Granular IgM deposits in the
glomerular mesangium are distributed in regi-
ons of focal segmental glomerulosclerosis.
Diffuse and global IgM deposits were found in
the renal glomeruli of nearly all of our patients.
IgA deposits distribute predominantly in the
mesangium and paramesangial regions of glo-
meruli. They may combine with various anti-
gens to form immune complexes on renal cells
and they increase the production of various
cytokines and growth factors [65, 66]. These
effects can lead to the common glomerular his-
tological features of mesangial cell prolifera-
tion and mesangial matrix expansion. Ultima-
tely, protein and erythrocyte casts form in the
renal tubules because of glomerular injury,
leading to further tubule damage and protein-
uria, hematuria, and even end-stage renal fail-
ure [67, 68].

In conclusion, endotheliosis, vacuolation of
podocytes, proliferation of mesangial cells, and
protein casts in the renal tubule lumens were
the most common pathologic characteristics of
renal biopsies from these eight pregnant
Chinese women with PE/eclampsia. As indicat-
ed by previous studies, deposition of comple-
ment components and immunoglobulin, espe-
cially C4 and IgM, may contribute to serious
renal lesions. The BUN/SCr ratio may be a new
marker for severe PE, based on analysis of
serological indices from these biopsied pati-
ents, but this hypothesis needs further experi-
mental and clinical support. Eclampsia occu-
rred in one of our patients with a blood pres-
sure of 135/93 mmHg, which challenges our
previous experience and understanding. Seve-
re PE and eclampsia may also occur in patients
with a high SUA level, even those aged older
than 35 years and multiparous. Because of
advances in neonatal treatment technology,
most neonates of preeclamptic patients can
survive. To minimize complications, renal biop-
sy in pregnancy should only be recommended
for definitive diagnosis and improvement of
therapeutic strategy, and should be performed
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based on the general conditions of the patient,
including blood pressure and coagulation
function.
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