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Abstract
Purpose  To evaluate the risk factors and renal prognosis of acute kidney injury (AKI) in patients with hemolysis, elevated 
liver enzymes, and low platelet count (HELLP) syndrome.
Methods  Women with HELLP syndrome over a 15-year period at Peking Union Medical College Hospital, China, were 
retrospectively studied.
Results  A total of 108 patients with HELLP syndrome were included. Fifty-two (48.1%) patients were diagnosed with AKI 
(median serum creatinine, 139.72 µmol/L; range, 89.00–866.00); 11 (21.2%) required hemodialysis. The AKI group had 
significantly more multiparity (p = 0.034), hemorrhage > 400 mL (p = 0.027), severe systolic hypertension ≥ 160 mmHg 
(p = 0.005), infection (p < 0.001), and low hemoglobin (p = 0.002) than non-AKI patients. Multivariate logistic regression 
showed that infection (OR 36.441, 95% CI 3.819–347.732, p = 0.002), severe systolic hypertension (OR 5.295, 95% CI 
1.795–15.620, p = 0.003), and low hemoglobin (OR 0.960, 95% CI 0.932–0.988, p = 0.006) were independent risk factors 
for AKI. Six patients with AKI died (mortality rate: 11.5%); no death occurred among patients without AKI. In addition to 
infection (OR 16.268, CI 1.334–198.385, p = 0.029) and eclampsia (OR 69.895, CI 2.834–1723.910, p = 0.009), elevated 
serum creatinine (OR 1.006, CI 1.001–1.011, p = 0.031) was an independent predictor of maternal mortality. Renal function 
in 43 (82.7%) patients completely recovered. Two (3.8%) patients developed chronic renal dysfunction after 1 to 2 years of 
follow-up.
Conclusions  Elevated creatinine was an independent predictor of maternal mortality in HELLP syndrome. AKI severely 
affects renal prognosis and mortality in pregnant women. The occurrence of AKI was related to infection, severe hyperten-
sion, and renal ischemia.
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Introduction

Hemolysis, elevated liver enzymes, and low platelet count 
(HELLP) syndrome is a rare and severe complication of 
pregnancy. HELLP syndrome develops in 0.1–0.9% of all 

deliveries, in 10–20% of women with preeclampsia, and in 
as many as 35.1% of women with eclampsia [1–6]. HELLP 
syndrome causes a high incidence of maternal and perinatal 
mortality and morbidity [2, 7, 8].

Acute kidney injury (AKI) is a severe complication of 
HELLP syndrome. Most previous studies have reported AKI 
occurrence in 7.7–25% of patients with HELLP syndrome 
[2, 7–10]; two studies reported AKI occurrence in 54–60% 
of cases [6, 11]. HELLP syndrome is an important cause 
of AKI in pregnancy, accounting for 15–65% of cases of 
pregnancy-related AKI [6, 9, 12–14]. Despite much research 
on HELLP syndrome, few studies have focused on the effect 
of AKI on the prognosis of pregnancy and on the risk factors 
and prognosis of AKI in this population [9, 12]. Therefore, 
this study aimed to evaluate the effect of AKI on mater-
nal and perinatal outcomes and the risk factors for AKI in 

 *	 Xue‑mei Li 
	 lixmpumch@126.com

1	 Department of Nephrology, Peking Union Medical College 
Hospital, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Shuifuyuan 1, Wangfujing, 
Beijing 100730, China

2	 Department of Nephrology, Second Hospital of Lanzhou 
University, Lanzhou 730030, China

3	 Department of Gynaecology and Obstetrics, Peking Union 
Medical College Hospital, Chinese Academy of Medical 
Sciences & Peking Union Medical College, Beijing 100730, 
China

http://crossmark.crossref.org/dialog/?doi=10.1007/s11255-019-02111-7&domain=pdf


1200	 International Urology and Nephrology (2019) 51:1199–1206

1 3

individuals with HELLP syndrome; patients without AKI 
were used as controls.

Methods

Patients

This retrospective study was conducted over a 15-year 
period between January 2002 and March 2017 at Peking 
Union Medical College Hospital. We included patients who 
gave birth at our hospital and those who were transferred 
from other hospitals for intensive postpartum care because 
of serious complications. Patients with preexisting chronic 
kidney disease or diabetes mellitus were excluded from 
this study. The following maternal and fetal variables were 
recorded: demographics, onset time of HELLP syndrome, 
symptoms, maternal complications and management, fetal 
distress, outcome of the newborn during the neonatal period, 
systolic and diastolic blood pressure, and serum creatinine 
levels. Specific investigations were performed to exclude 
rare causes of AKI, including antinuclear antibody, anti-
dsDNA antibody, C3, C4, and antiphospholipid antibody. 
All patients with AKI were followed for at least 1 year post-
partum or until death.

Definitions

The diagnosis of HELLP syndrome was made on the basis 
of the following criteria [8, 15]: (1) microangiopathic hemo-
lytic anemia with an abnormal blood smear and elevated 
lactate dehydrogenase (LDH) levels > 600 IU/L or bilirubin 
levels > 20.52 µmol/L; (2) liver dysfunction indicated by 
aspartate transaminase (AST) levels > 70 IU/L; and (3) a 
platelet count < 100 × 109/L. The following Kidney Disease 
Outcomes Quality Initiative (KDOQI) criteria were used to 
diagnose AKI [16]: (1) an increase in serum creatinine of 
≥ 0.3 mg/dL (≥ 26.5 µmol/L) within 48 h; (2) an increase in 
serum creatinine to ≥ 1.5 times baseline within the previous 
7 days; or (3) urine volume ≤ 0.5 mL/kg/h for 6 h. AKI was 
further classified into three stages according to KDOQI cri-
teria as follows: (1) Stage 1, an increase in serum creatinine 
of 1.5–1.9 times baseline or ≥ 0.3 mg/dL (≥ 26.5 µmol/L), 
or urine output of < 0.5 mL/kg/h for 6–12 h; (2) Stage 2, 
an increase in serum creatinine of 2.0–2.9 times baseline, 
or urine output of < 0.5 mL/kg/h for ≥ 12 h; (3) Stage 3, 
increase in serum creatinine of 3 times baseline or to 
≥ 4.0 mg/dL (≥ 353.6 µmol/L) or initiation of renal replace-
ment therapy, or urine output of < 0.3 mL/kg/h for ≥ 24 h or 
anuria > 12 h [16].

Preeclampsia was defined as the onset of hyperten-
sion (> 140/90 mmHg) and proteinuria > 0.3 g/24 h after 
20 weeks of gestation. Eclampsia was defined as occurrence 

of new-onset seizures in the presence of preeclampsia. In 
patients with preexisting hypertension, preeclampsia was 
defined as the development of new proteinuria or terminal 
organ dysfunction after 20 weeks of gestation. Patients were 
followed-up till death, complete or partial recovery of renal 
function, and the duration from AKI occurrence to complete 
recovery was recorded at five time points (1 week, 1 month, 
3 months, 6 months and 1 year). Complete recovery of AKI 
was determined when serum creatinine levels returned to 
the normal range. Partial recovery was defined as improved 
renal function, but with persistently elevated serum creati-
nine levels in dialysis-independent patients. Infection was 
diagnosed on the basis of clinical manifestations, positive 
microbiological evidence, and imaging changes in the lungs, 
gastrointestinal tract, or urogenital tract.

Statistical analysis

Statistical analysis was performed with SPSS version 21.0 
(IBM, Armonk, NY, USA). Continuous variables with a 
normal distribution were analyzed with the independent-
samples t test. Data with a non-normal distribution were 
compared with the Mann–Whitney U test. The χ2 test was 
used to analyze categorical variables. Univariate and mul-
tivariate logistic regression models were constructed with 
variables that were significantly different between women 
with versus without AKI to assess their possible associa-
tion with AKI. Predictive factors of maternal mortality were 
analyzed with logistic regression in the whole cohort. A two-
sided value of p < 0.05 was considered statistically signifi-
cant for all analyses.

Results

Characteristics of patients with AKI and HELLP 
syndrome

A total of 108 women who were diagnosed with HELLP 
syndrome were included. AKI developed in 52 (48.1%) 
patients. Women with AKI had a significantly higher mater-
nal mortality rate than those without AKI (11.5% vs. 0.0%, 
p = 0.011). The AKI group had significantly higher rates 
of multiparity (p = 0.034), bleeding > 400 mL (p = 0.027), 
severe systolic hypertension ≥ 160 mmHg (p = 0.005), and 
lower hemoglobin levels (p = 0.002), compared with the 
non-AKI group (Table 1). Patients with AKI were divided 
into three groups, according to KDOQI classification. The 
platelet count and hemoglobin level were significantly lower, 
and AST was significantly higher among patients with Stage 
2 and Stage 3 AKI than among those with Stage 1 (Table 2).

Among all patients with HELLP syndrome, 15 (13.9%) 
developed infections, including pulmonary infection 
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(n = 10), uterine cavity infection (n = 2), and gastrointes-
tinal infection (n = 2). Fourteen (26.9%) cases of infec-
tion occurred in the AKI group, whereas only one (1.8%) 
occurred in the non-AKI group (p < 0.001).

In the whole cohort, 82 (75.9%) women had preeclampsia 
and 20 (18.5%) had eclampsia. Twenty-four (21.1%) intrau-
terine stillbirths were detected and 22 (19.3%) neonates died 
in the neonatal period, for a perinatal death rate of 40.4%. 
None of these variables was significantly different between 
the AKI and non-AKI groups.

Risk factors for developing AKI in HELLP syndrome

Among the variables shown in Table 1, univariate logis-
tic regression analysis showed that the following five vari-
ables were associated with AKI: multiparity (p = 0.022), 
bleeding (p = 0.021), infection (p = 0.004), severe sys-
tolic hypertension (p = 0.005), and low hemoglobin levels 
(p = 0.003). Multiple regression analysis showed that infec-
tion (p = 0.002), severe systolic hypertension (p = 0.003), 
and low hemoglobin levels (p = 0.006) were independently 

associated with AKI in patients with HELLP syndrome 
(Table 3).

Predictive factors for maternal death in HELLP 
syndrome

Six women died within 3 weeks postpartum. The median 
serum creatinine level (p = 0.003) and the incidence of AKI 
(p = 0.011) were significantly higher in the non-survivor 
group compared with the survivor group. The non-survivor 
group also had significantly higher rates of perinatal infant 
mortality (p = 0.038), infection (p = 0.034), and eclamp-
sia (p = 0.010), and higher total and direct bilirubin levels 
(p = 0.004 and 0.012, respectively) than the survivor group 
(Table 4).

Univariate regression analysis showed that the following 
variables were significantly associated with maternal mortal-
ity: total bilirubin (p = 0.008), direct bilirubin (p = 0.030), 
serum creatinine (p = 0.036), infection (p = 0.021), and 
eclampsia (p = 0.009). When these five variables were 
included in a multiple regression model, serum creatinine 
(p = 0.031), infection (p = 0.029), and eclampsia (p = 0.009) 

Table 1   Characteristics of women with HELLP syndrome with versus without acute kidney injury

HELLP hemolysis, elevated liver enzymes, and low platelet count, SBP systolic blood pressure, DBP diastolic blood pressure, LDH lactate dehy-
drogenase, AST aspartate transaminase, ALT alanine transaminase
*Variables are expressed as median and interquartile range; other unindicated data are shown as mean ± SD or number (%)
a The total number of fetuses in each group was used as the denominator for calculation of percentage

Variable All patients
(n = 108)

Non-AKI
(n = 56)

AKI
(n = 52)

p value

Age (years) 31.25 ± 5.97 31.39 ± 5.62 31.10 ± 6.39 0.798
History of hypertension 11 (10.2%) 4 (7.1%) 7 (13.5%) 0.348
Multipara 54 (50.0%) 22 (39.3%) 32 (61.5%) 0.034
Onset time of HELLP (weeks) 32.29 ± 4.46 32.04 ± 5.01 32.56 ± 3.83 0.542
Premature birtha 98/114 (86.0%) 48/58 (82.8%) 50/56 (89.3%) 0.421
Cesarean delivery 101 (93.5%) 50 (89.3%) 51 (98.1%) 0.115
Eclampsia 20 (18.5%) 8 (14.3%) 12 (23.1%) 0.322
Bleeding (> 400 mL) 21 (19.4%) 6 (10.7%) 15 (28.8%) 0.027
Infection 15 (13.9%) 1 (1.8%) 14 (26.9%) < 0.001
Perinatal deatha 46/114 (40.4%) 19/58 (32.8%) 27/56 (48.2%) 0.126
Maternal death 6 (5.6%) 0 (0.0%) 6 (11.5%) 0.011
SBP ≥ 160 mmHg 68 (63.0%) 28 (50.0%) 40 (76.9%) 0.005
DBP ≥ 110 mmHg 46 (42.6%) 19 (41.3%) 27 (58.7%) 0.080
Lowest platelet count (× 109cell/L) 50.74 ± 23.58 54.09 ± 23.95 47.13 ± 22.86 0.126
Lowest hemoglobin (g/L) 88.53 ± 18.85 93.95 ± 18.20 82.69 ± 17.92 0.002
LDH (U/L) 684 (602, 1031) 650 (426, 980) 704 (638, 1169) 0.064
AST (U/L) 127 (75, 273) 124 (75, 321) 127 (79, 273) 0.794
ALT (U/L)* 136.5 (77, 225.50) 121 (76, 213) 144 (83, 259) 0.517
Total bilirubin (µmol/L)* 15.50 (9.83, 33.95) 11.50 (8.90, 18.50) 25.80 (11.90, 51.64) < 0.001
Direct bilirubin (µmol/L)* 5.90 (3.44, 12.10) 4.50 (3.00, 7.52) 8.10 (4.70, 14.80) 0.001
Serum creatinine (µmol/L)* 85.00 (69.25, 137.00) 70.00 (62.25, 80.86) 139.72 (103.50, 427.25) < 0.001*
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remained independent risk factors for maternal death 
(Table 5).

Outcomes of AKI as a complication of HELLP 
syndrome

Among 52 patients who developed AKI, 11 (21.2%) required 
renal replacement therapy. Among these, seven patients had 
anuria with a duration of 7 to 22 days. Five (9.6%) women 
had plasma exchange. Twenty-three (44.2%) patients were 
administered plasma transfusion, and 22 (42.3%) were 
provided blood transfusion with a total volume of 400 to 
4800 mL. Two (3.8%) patients underwent hysterectomy 
because of persistent uterine bleeding.

Although six non-surviving patients had AKI, renal 
function improved in five of them before death and none of 
them died of AKI. One patient was lost to follow up after 
discharge. Her renal function began to recover after 1 week 
of hemodialysis, with serum creatinine levels decreas-
ing to 436 µmol/L 2 weeks postpartum. In the other 45 
women, renal function completely recovered in 43 (82.7%) 
patients; 32 (74.4%) of these women recovered within 1 
week (Table 6). Two (3.8%) patients had partial recovery, 
with a serum creatinine level of 195 µmol/L after 1 year 
in one patient and 127 µmol/L after 2 years in the second 
patient.

Table 2   Comparison of patient characteristics according to AKI stage in women with HELLP syndrome

HELLP hemolysis, elevated liver enzymes, and low platelet count, SBP, systolic blood pressure, DBP diastolic blood pressure, LDH lactate 
dehydrogenase, AST aspartate transaminase
a Variables are expressed as median and interquartile range; other unindicated data are shown as mean ± SD or number (%)
b The total number of fetuses in each group was used as the denominator for calculation of percentage
*p < 0.01, compared with Stage 1
**p < 0.01, compared with Stage 2

Variable Stage 1
(n = 27)

Stage 2
(n = 12)

Stage 3
(n = 13)

p value

Age (years) 31.37 ± 6.51 30.08 ± 6.52 31.46 ± 6.41 0.827
History of hypertension 2 (7.4%) 2 (16.7%) 3 (23.1%) 0.370
Onset time of HELLP (weeks) 31.70 ± 3.83 31.92 ± 4.01 33.77 ± 3.32 0.295
Premature birthb 25/28 (89.3%) 11/12 (91.7%) 14/16 (87.5%) 0.940
Eclampsia 9 (33.3%) 2 (83.3%) 1 (7.7%) 0.164
Bleeding (> 400 mL) 5 (18.5%) 5 (41.7%) 5 (38.5%) 0.229
Infection 5 (18.5%) 4 (33.3%) 5 (38.5%) 0.350
Perinatal deathb 15/28 (50.0%) 6/12 (50.0%) 6/16 (43.8%)a 0.585
Maternal death 2 (7.4%) 2 (16.7%) 2 (15.4%) 0.622
SBP ≥ 160 mmHg 21 (77.8%) 10 (83.3%) 9 (69.2%) 0.697
DBP ≥ 110 mmHg 15 (55.6%) 7 (58.3%) 5 (38.5%) 0.526
Lowest platelet count (× 109cell/L) 57.22 ± 23.32 38.00 ± 19.66a 34.62 ± 14.33*,** 0.002
Lowest hemoglobin (g/L) 92.37 ± 16.80 76.42 ± 14.19a 68.38 ± 9.85* < 0.001
LDH (U/L)a 695.00 (624.00, 974.50) 902.00 (617.00,1477.00) 801.00 (650.00, 1940.00) 0.521
AST (U/L)a 89.00 (74.00, 189.00) 98.00 (81.00, 121.00) 348.35 (228.50, 454.50)* 0.009
Total bilirubin (µmol/L)a 17.70 (11.8, 40.2) 33,55 (22.15, 62.02) 35.47 (13.45, 147.60) 0.169

Table 3   Univariate and 
multivariate logistic regression 
analyses of factors associated 
with acute kidney injury

SBP systolic blood pressure; CI confidence interval

Variable Univariate analysis Multivariate analysis

Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Multipara 2.473 (1.140, 5.364) 0.022 0.468
Bleeding (> 400 mL) 3.378 (1.197, 9.537) 0.021 0.330
Infection 20.263 (2.556, 160.655) 0.004 36.441 (3.819, 347.732) 0.002
SBP ≥ 160 mmHg 3.333 (1.452, 7.652) 0.005 5.295 (1.795, 15.620) 0.003
Lowest hemoglobin (g/L) 0.966 (0.944, 0.988) 0.003 0.960 (0.932, 0.988) 0.006
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Discussion

The incidence of pregnancy-related AKI has significantly 
declined over the last three decades in developing coun-
tries, but it remains an important cause of maternal and 
fetal morbidity and mortality [1]. HELLP syndrome is a 
serious disorder in pregnancy, accounting for 15–40% of 
all cases of pregnancy-related AKI and up to 54–65% of 
severe cases [6, 9, 12–14]. The incidence of AKI ranges 

from 7.7 to 60% among patients with HELLP syndrome, 
based on different definitions of AKI in different stud-
ies [2, 6–11, 17]. In the present study, AKI developed in 
48.1% of women with HELLP syndrome. This incidence 
of AKI is similar to that in another Chinese report [11].

HELLP syndrome frequently results in adverse maternal 
outcomes [18]. The mortality rate varies from 0 to 12% in 
women with HELLP syndrome [2, 6, 8, 9] and from 12 to 
34% in women with AKI and HELLP syndrome [8, 10, 14, 
19]. However, few studies have investigated the effect of 

Table 4   Comparison of 
characteristics between 
surviving and non-surviving 
women with HELLP syndrome

HELLP hemolysis, elevated liver enzymes, and low platelet count, AKI acute kidney injury, SBP systolic 
blood pressure, DBP diastolic blood pressure, ALT alanine transaminase, LDH lactate dehydrogenase, AST 
aspartate transaminase
a Variables are expressed as median and interquartile range; other unindicated values are shown as 
mean ± SD or number (%)
b The total number of fetuses in each group was used as the denominator for calculation of percentage

Variable Survivors
(n = 102)

Non-survivors
(n = 6)

p value

Age (years) 31.11 ± 5.91 33.67 ± 7.15 0.310
History of hypertension 10 (9.8%) 1 (16.7%) 0.484
Multipara 49 (48.0%) 5 (83.3%) 0.205
Duration of pregnancy (weeks) 32.31 ± 4.53 31.83 ± 3.31 0.799
Premature birthb 92/108 (85.2%) 6/6 (100.0%) 0.593
Perinatal deathb 41/108 (38.0%) 5/6 (83.3%) 0.038
Prepartum HELLP 98 (96.1%) 6 (100%) 1.000
Infection 12 (11.8%) 3 (50.0%) 0.034
Bleeding, > 400 mL 18 (17.6%) 3 (50.0%) 0.086
Eclampsia 16 (15.7%) 4 (66.7%) 0.010
SBP ≥ 160 mmHg 63 (61.8%) 5 (83.3%) 0.409
DBP ≥ 110 mmHg 43 (42.2%) 3 (50.0%) 0.698
AKI incidence 46 (45.1%) 6 (100.0%) 0.011
Lowest hemoglobin (g/L) 88.81 ± 19.23 83.67 ± 10.39 0.518
Lowest platelet, (× 109/L) 51.18 ± 23.93 43.33 ± 16.26 0.431
ALTa (U/L) 135.80 (75.00, 224.00) 149.20 (79.00, 605.00) 0.380
ASTa (U/L) 127.00 (75.00, 273.00) 262.85 (102.00, 423.70) 0.539
LDHa (U/L) 682.00 (602.00, 980.00) 1141.00 (632.00, 1477.00) 0.309
Total bilirubina (µmol/L) 14.35 (9.70, 32.30) 47.43 (31.60, 240.30) 0.004
Direct bilirubina (µmol/L) 5.75 (3.30, 11.20) 16.40 (7.60, 42.75) 0.012
Albumin (g/L) 26.38 ± 4.94 25.27 ± 3.49 0.590
Serum creatininea (µmol/L) 85.88 (68.00, 117.00) 174.50 (141.44, 671.80) 0.003

Table 5   Univariate and 
multivariate logistic regression 
analyses for predictive factors 
of maternal mortality in HELLP 
syndrome

HELLP hemolysis, elevated liver enzymes, and low platelet count, CI confidence interval

Variable Univariate analysis Multivariate analysis

Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Total bilirubin (µmol/L) 1.010 (1.003, 1.018) 0.008 0.371
Direct bilirubin (µmol/L) 1.011 (1.001, 1.021) 0.030 0.493
Serum creatinine, (µmol/L) 1.003 (1.000, 1.006) 0.036 1.006 (1.001, 1.011) 0.031
Infection 7.500 (1.357, 41.463) 0.021 16.268 (1.334, 198.385) 0.029
Eclampsia 10.750 (1.814, 63.700) 0.009 69.895 (2.834, 1723.910) 0.009
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AKI on the prognosis of pregnant women with this syn-
drome. In our study, we compared patients with versus 
without AKI. All maternal deaths in this study occurred 
in the AKI group. Multivariate regression analysis showed 
that serum creatinine levels were an independent risk factor 
for maternal death after adjustment for confounders. This 
finding suggests that AKI is an important risk factor for 
poor outcome in patients with HELLP syndrome. Infection 
was also an independent predictor of maternal prognosis in 
HELLP syndrome. Multivariate regression showed infection 
was independently associated with AKI. Although a causal 
relationship could not be identified because of the retrospec-
tive nature of this study, AKI may combine with infection 
to aggravate HELLP syndrome and worsen its prognosis. In 
our study, non-survivors had a higher rate of eclampsia than 
did survivors. Multivariate logistic regression showed that 
eclampsia was another independent risk factor for maternal 
death.

Perinatal morbidity and mortality rates are significantly 
higher in women with HELLP syndrome than in the general 
population [2, 9, 19]. The overall perinatal mortality rate 
is 7–26.1% in HELLP syndrome [2, 9] and 26.1–34% in 
HELLP syndrome complicated by AKI [9, 19]. Gul et al. 
found that perinatal mortality was related to the severity of 
kidney injury in patients with HELLP syndrome and AKI 
[9]. Perinatal mortality was 11.8% in patients with creatinine 
levels < 176.8 µmol/L, while it was 37.5% when creatinine 
levels were > 176.8 µmol/L. Preterm birth and intrauter-
ine growth restriction were the main causes of perinatal 
death. Preterm delivery occurs in approximately 70–72% 
of patients with HELLP syndrome [19, 20]. In our study, 
the preterm delivery rate was 85.2%. Intrauterine stillbirths 
were detected in 21.1% of patients and 19.3% of neonates 
died in the neonatal period, with a total perinatal mortality 
rate of 40.4%. We compared preterm delivery and perinatal 

mortality rates in patients with versus without AKI and did 
not find any significant differences between the groups. 
These results suggest that HELLP syndrome is the main 
risk factor for perinatal death, with AKI having no further 
significant effect on perinatal mortality.

Termination of pregnancy is the main effective treatment 
for HELLP syndrome. Most patients with HELLP syndrome 
start to improve within the first 24 to 48 h after delivery [21]. 
Patients who fail to improve after delivery are at major risk 
of higher morbidity and mortality rates. Postpartum plasma 
exchange is effective for severe HELLP syndrome [22, 23]. 
Recently, Simetka et al. recommended that plasma exchange 
should be considered in all patients who show no signifi-
cant improvement in AST levels, and especially in platelet 
levels, within 24 to 48 h of delivery [23]. In our study, only 
five (9.6%) women received plasma exchange. Dialysis was 
performed in 21.2% of patients in this study. AKI associ-
ated with HELLP syndrome usually has a favorable renal 
outcome. Most of these patients (93–100%) are discharged 
without any significant residual renal impairment [8, 9, 12]. 
Among 52 patients who developed AKI in our study, 74.4% 
had complete recovery, while 3.8% had partial recovery and 
11.5% died. This outcome is much worse than that reported 
in previous studies [8, 9, 12]. Jacquemyn et al. studied long-
term renal function after HELLP syndrome and found that 
HELLP syndrome was not associated with long-term renal 
complications after 5 years of follow-up [24]. However, that 
study included only 10 patients who completed follow-up 
and included no basic information about renal function at 
the time of pregnancy termination.

The mechanisms of AKI occurring in HELLP syndrome 
are not well known. Our study showed that severe anemia, 
severe systolic hypertension, and infection were independ-
ent factors associated with AKI. Hemorrhage is the leading 
cause of pregnancy-related AKI [25–27]. In patients with 
HELLP syndrome, postpartum hemorrhage is the second 
most common cause of AKI, accounting for 26% of all 
cases [12]. In our study, hemorrhage (> 400 mL) occurred 
in 19.4% of patients and its occurrence was significantly 
more common in the AKI group than in the non-AKI group. 
Although hemorrhage was not associated with AKI in mul-
tivariate regression, a reduced hemoglobin level, which was 
caused by hemorrhage and/or intravascular hemolysis, was 
related to the severity of kidney injury and was an inde-
pendent risk factor for AKI. Recently, Ospina-Tascon et al. 
observed substantial changes in microcirculatory blood flow 
and capillary density in patients with HELLP syndrome 
[28]. Microvascular dysfunction may increase the sensitiv-
ity of the kidney to ischemia. A previous study reported that 
patients with HELLP syndrome and AKI had higher LDH 
and AST levels than HELLP syndrome patients without AKI 
[9]. Although the AST level was associated with the sever-
ity of AKI in the present study, no difference was found in 

Table 6   Outcomes of acute kidney injury in women with HELLP 
syndrome

HELLP hemolysis, elevated liver enzymes, and low platelet count
a Data are expressed as percentage of recovery, with 43 as the denomi-
nator; cumulative percentages are shown in parentheses

Outcome Number of cases 
(n = 52)

Percentage

Death 6 11.5
Lost of follow-up 1 1.9
Complete recovery 43 82.7
 Within 1 week 32 74.4 (74.4)a

 Within 1 month 5 11.6 (86.0)a

 Within 3 months 2 4.7 (90.7)a

 Within 6 months 3 7.0 (97.7)a

 Within 1 year 1 2.3 (100.0)a

Partial recovery 2 3.8
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LDH or AST between patients with versus without AKI. 
One explanation for this finding may be that the maximum 
values of LDH and AST were not obtained in our study 
because these parameters were not monitored as regularly 
as platelets, hemoglobin, and serum creatinine.

Notably, HELLP syndrome overlaps with hemolytic ure-
mic syndrome (HUS), especially atypical HUS and throm-
botic thrombocytopenic purpura (TTP) during the perinatal 
period. The differential diagnosis is challenging in some 
cases, particularly when patients present with severe AKI. 
The diagnosis of HELLP syndrome in this study was based 
on the relatively specific criteria of the triad of microangio-
pathic hemolytic anemia, low platelet count, and elevated 
liver enzymes, including AST greater than 70 IU/L. The 
levels of ADMADS-13 activity and HUS-related comple-
ment system activation and regulation were not measured 
to exclude the possibility of TTP/HUS because they are not 
available at our hospital. However, the obvious liver dys-
function and the rapid recovery of AST, ALT, and hemolysis 
after delivery supported the diagnosis of HELLP syndrome 
rather than HUS/TTP.

There are several limitations to the present study. First, 
this was an observational study. We could not determine a 
causal relationship between AKI and its associated factors. 
Second, our hospital not only provides medical services for 
local pregnant women but also admits patients with severe 
and complicated conditions from throughout the country. 
Some patients with severe complications of HELLP syn-
drome were transferred from other hospitals for further 
intensive therapy. Therefore, the incidence of AKI and 
maternal and perinatal mortality rates in HELLP syndrome 
do not represent the true rates in the general population of 
pregnant women. A large prospective study on AKI develop-
ment, its renal pathology, and clinical prognosis in women 
with HELLP syndrome is necessary to confirm the present 
results.

In summary, AKI is a serious complication of HELLP 
syndrome during pregnancy and the postpartum period. The 
present study found that elevated serum creatinine levels 
were an independent predictive factor of maternal mortality. 
Development of AKI was associated with severe systolic 
hypertension, severe anemia, and infection.

Acknowledgements  We are indebted to staff from the Department of 
Gynaecology and Obstetrics at the Peking Union Medical College Hos-
pital for treatment and diagnostic support. We also thank Ellen Knapp, 
PhD, and Rebecca Tollefson, DVM, from Liwen Bianji, Edanz Group 
China (http://www.liwen​bianj​i.cn/ac), for editing the English text of 
drafts of this manuscript.

Compliance with ethical standards 

Conflict of interest  The authors declares that they have no conflict of 
interest.

Ethical approval  All procedures performed in studies were in accord-
ance with the ethical standards of the Ethics Committee at Peking 
Union Medical College Hospital and with the 1964 Helsinki Declara-
tion and its later amendments or comparable ethical standards. For this 
type of study, formal consent is not required.

References

	 1.	 Vigil-De Gracia P, Rojas-Suarez J, Ramos E, Reyes O, Collantes J, 
Quintero A, Huertas E, Calle A, Turcios E, Chon VY (2015) Inci-
dence of eclampsia with HELLP syndrome and associated mortal-
ity in Latin America. Int J Gynaecol Obstet 129(3):219–222. https​
://doi.org/10.1016/j.ijgo.2014.11.024

	 2.	 Erdemoglu M, Kuyumcuoglu U, Kale A, Akdeniz N (2010) 
Factors affecting maternal and perinatal outcomes in HELLP 
syndrome: evaluation of 126 cases. Clin Exp Obstet Gynecol 
37(3):213–216

	 3.	 Gupta A, Ferguson J, Rahman M, Weber-Shrikant E, Venuto R 
(2012) Acute oliguric renal failure in HELLP syndrome: case 
report and review of literature. Renal Fail 34(5):653–656. https​://
doi.org/10.3109/08860​22x.2012.66085​6

	 4.	 Karumanchi SA, Maynard SE, Stillman IE, Epstein FH, 
Sukhatme VP (2005) Preeclampsia: a renal perspec-
tive. Kidney Int 67(6):2101–2113. https​://doi.org/10.111
1/j.1523-1755.2005.00316​.x

	 5.	 Abildgaard U, Heimdal K (2013) Pathogenesis of the syn-
drome of hemolysis, elevated liver enzymes, and low platelet 
count (HELLP): a review. Eur J Obstet Gynecol Reprod Biol 
166(2):117–123. https​://doi.org/10.1016/j.ejogr​b.2012.09.026

	 6.	 Abraham KA, Connolly G, Farrell J, Walshe JJ (2001) The 
HELLP syndrome, a prospective study. Renal Fail 23(5):705–713

	 7.	 Gedik E, Yucel N, Sahin T, Koca E, Colak YZ, Togal T (2017) 
Hemolysis, elevated liver enzymes, and low platelet syndrome: 
outcomes for patients admitted to intensive care at a tertiary 
referral hospital. Hypertens Pregnancy 36(1):21–29. https​://doi.
org/10.1080/10641​955.2016.12185​05

	 8.	 Sibai BM, Ramadan MK, Usta I, Salama M, Mercer BM, Fried-
man SA (1993) Maternal morbidity and mortality in 442 pregnan-
cies with hemolysis, elevated liver enzymes, and low platelets 
(HELLP syndrome). Am J Obstet Gynecol 169(4):1000–1006

	 9.	 Gul A, Aslan H, Cebeci A, Polat I, Ulusoy S, Ceylan Y (2004) 
Maternal and fetal outcomes in HELLP syndrome complicated 
with acute renal failure. Renal Fail 26(5):557–562

	10.	 Martinez de Ita AL, Garcia Caceres E, Helguera Martinez AM, 
Cejudo Carranza E (1998) Acute renal insufficiency in HELLP 
syndrome. Ginecologia y obstetricia de Mexico 66:462–468

	11.	 Huang C, Chen S (2017) Acute kidney injury during pregnancy 
and puerperium: a retrospective study in a single center. BMC 
Nephrol 18(1):146. https​://doi.org/10.1186/s1288​2-017-0551-4

	12.	 Selcuk NY, Odabas AR, Cetinkaya R, Tonbul HZ, San A (2000) 
Outcome of pregnancies with HELLP syndrome complicated by 
acute renal failure (1989–1999). Renal Fail 22(3):319–327

	13.	 Drakeley AJ, Le Roux PA, Anthony J, Penny J (2002) Acute 
renal failure complicating severe preeclampsia requiring admis-
sion to an obstetric intensive care unit. Am J Obstet Gynecol 
186(2):253–256

	14.	 Randeree IG, Czarnocki A, Moodley J, Seedat YK, Naiker IP 
(1995) Acute renal failure in pregnancy in South Africa. Renal 
Fail 17(2):147–153

	15.	 Sibai BM (2004) Diagnosis, controversies, and management of 
the syndrome of hemolysis, elevated liver enzymes, and low 
platelet count. Obstet Gynecol 103(5 Pt 1):981–991. https​://doi.
org/10.1097/01.AOG.00001​26245​.35811​.2a

http://www.liwenbianji.cn/ac
https://doi.org/10.1016/j.ijgo.2014.11.024
https://doi.org/10.1016/j.ijgo.2014.11.024
https://doi.org/10.3109/0886022x.2012.660856
https://doi.org/10.3109/0886022x.2012.660856
https://doi.org/10.1111/j.1523-1755.2005.00316.x
https://doi.org/10.1111/j.1523-1755.2005.00316.x
https://doi.org/10.1016/j.ejogrb.2012.09.026
https://doi.org/10.1080/10641955.2016.1218505
https://doi.org/10.1080/10641955.2016.1218505
https://doi.org/10.1186/s12882-017-0551-4
https://doi.org/10.1097/01.AOG.0000126245.35811.2a
https://doi.org/10.1097/01.AOG.0000126245.35811.2a


1206	 International Urology and Nephrology (2019) 51:1199–1206

1 3

	16.	 Kidney Disease: Improving Global Outcomes (KDIGO) Acute 
Kidney Injury Work Group (2012) KDIGO Clinical Practice 
Guideline for Acute Kidney Injury. Kidney Int 2(Suppl):1–138

	17.	 Sabau L, Terriou L, Provot F, Fourrier F, Roumier C, Caron C, 
Susen S, Ducloy-Bouthors AS (2016) Are there any additional 
mechanisms for haemolysis in HELLP syndrome? Thrombosis 
Res 142:40–43. https​://doi.org/10.1016/j.throm​res.2016.03.014

	18.	 Sibai BM, Barton JR (2007) Expectant management of severe 
preeclampsia remote from term: patient selection, treatment, and 
delivery indications. Am J Obstet Gynecol 196(6):514.e511–514.
e519. https​://doi.org/10.1016/j.ajog.2007.02.021

	19.	 Sibai BM, Ramadan MK (1993) Acute renal failure in pregnan-
cies complicated by hemolysis, elevated liver enzymes, and low 
platelets. Am J Obstet Gynecol 168(6 Pt 1):1682–1687; discussion 
1687–1690

	20.	 Abramovici D, Friedman SA, Mercer BM, Audibert F, Kao L, 
Sibai BM (1999) Neonatal outcome in severe preeclampsia at 24 
to 36 weeks’ gestation: does the HELLP (hemolysis, elevated liver 
enzymes, and low platelet count) syndrome matter? Am J Obstet 
Gynecol 180(1 Pt 1):221–225

	21.	 Martin JN Jr (2013) Milestones in the quest for best management 
of patients with HELLP syndrome (microangiopathic hemolytic 
anemia, hepatic dysfunction, thrombocytopenia). Int J Gynaecol 
Obstet 121(3):202–207. https​://doi.org/10.1016/j.ijgo.2013.02.001

	22.	 Erkurt MA, Berber I, Berktas HB, Kuku I, Kaya E, Koroglu M, 
Nizam I, Bakirhan FA, Ozgul M (2015) A life-saving therapy in 
class I HELLP syndrome: therapeutic plasma exchange. Trans-
fus Apheresis Sci 52(2):194–198. https​://doi.org/10.1016/j.trans​
ci.2014.12.026

	23.	 Simetka O, Klat J, Gumulec J, Dolezalkova E, Salounova D, 
Kacerovsky M (2015) Early identification of women with HELLP 

syndrome who need plasma exchange after delivery. Trans-
fus Apheresis Sci 52(1):54–59. https​://doi.org/10.1016/j.trans​
ci.2014.12.009

	24.	 Jacquemyn Y, Jochems L, Duiker E, Bosmans JL, Van Hoof V, 
Van Campenhout C (2004) Long-term renal function after HELLP 
syndrome. Gynecol Obstet Investig 57(2):117–120. https​://doi.
org/10.1159/00007​5942

	25.	 Prakash J, Ganiger VC, Prakash S, Iqbal M, Kar DP, Singh U, 
Verma A (2018) Acute kidney injury in pregnancy with special 
reference to pregnancy-specific disorders: a hospital based study 
(2014–2016). J Nephrol 31(1):79–85. https​://doi.org/10.1007/
s4062​0-017-0466-y

	26.	 Gopalakrishnan N, Dhanapriya J, Muthukumar P, Sakthirajan R, 
Dineshkumar T, Thirumurugan S, Balasubramaniyan T (2015) 
Acute kidney injury in pregnancy—a single center experience. 
Renal Fail 37(9):1476–1480. https​://doi.org/10.3109/08860​
22x.2015.10744​93

	27.	 Aggarwal RS, Mishra VV, Jasani AF, Gumber M (2014) Acute 
renal failure in pregnancy: our experience. Saudi J Kidney Dis 
Transpl 25(2):450–455

	28.	 Ospina-Tascon GA, Nieto Calvache AJ, Quinones E, Madrinan 
HJ, Valencia JD, Bermudez WF, Carvajal J, Escobar MF, de 
Backer D (2017) Microcirculatory blood flow derangements dur-
ing severe preeclampsia and HELLP syndrome. Pregnancy Hyper-
tension 10:124–130. https​://doi.org/10.1016/j.pregh​y.2017.07.140

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.thromres.2016.03.014
https://doi.org/10.1016/j.ajog.2007.02.021
https://doi.org/10.1016/j.ijgo.2013.02.001
https://doi.org/10.1016/j.transci.2014.12.026
https://doi.org/10.1016/j.transci.2014.12.026
https://doi.org/10.1016/j.transci.2014.12.009
https://doi.org/10.1016/j.transci.2014.12.009
https://doi.org/10.1159/000075942
https://doi.org/10.1159/000075942
https://doi.org/10.1007/s40620-017-0466-y
https://doi.org/10.1007/s40620-017-0466-y
https://doi.org/10.3109/0886022x.2015.1074493
https://doi.org/10.3109/0886022x.2015.1074493
https://doi.org/10.1016/j.preghy.2017.07.140

	Acute kidney injury in patients with HELLP syndrome
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Patients
	Definitions
	Statistical analysis

	Results
	Characteristics of patients with AKI and HELLP syndrome
	Risk factors for developing AKI in HELLP syndrome
	Predictive factors for maternal death in HELLP syndrome
	Outcomes of AKI as a complication of HELLP syndrome

	Discussion
	Acknowledgements 
	References


