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Characteristics, risk factors and outcomes
 of Pregnancy related Acute Kidney Injury:
A Middle-east tertiary center experience
Abstract
Introduction Acute kidney injury in pregnancy, while is now a rare entity in the developed countries, it is still a common issue in developing countries representing a major cause of maternal and fetal morbidity and mortality. Scarce data are published regarding PRAKI in Middle-east and African countries. Here, we present our experience in Mansoura University Hospital; an Egyptian tertiary care hospital.
 
Methods This is a prospective observational study that included all patients with pregnancy related Acute Kidney Injury admitted to Mansoura Nephrology and Dialysis Unit over two years. All patients were prospectively followed for three months. All patients were evaluated regarding their maternal, fetal and renal outcomes.
Results Preeclampsia and peri-partum hemorrhage constituted the most common causes of PRAKI. Maternal mortality occurred in 22.5% of patients. Regarding patients' renal outcomes, the major portion of patients (62.5%) fully recovered while the remaining (37.5%) didn’t recover and became dialysis dependent. Fetal unfavorable events occurred in 31 pregnancies (77.5%), where 10 babies (25%) were delivered prematurely and 21 fetuses (52.5%) died intra-uterine. Fetal mortality was 45%, of those 70% occurred in patients with AKI on top of preeclampsia. 
Conclusion Pregnancy related acute kidney injury represents a continuous burden in low-income countries. A global strategy should be implemented to reduce its incidence and its related adverse consequences on both mother and fetus. The paucity of data in this field reflects the importance of implementing further research studies to deeply understand the precipitating and key pathophysiologic mechanisms involved in this disease. 
Key words: Pregnancy, Acute Kidney Injury, Preeclampsia, obstetric hemorrhage.


What is Known?
PR-AKI is considered a rare condition that may result from many pregnancy-related diseases. Even the few available data collected from developing countries rarely enter international database. Till date, due to considerable heterogeneity in PR-AKI definition, stratification and solid outcome between studies, comparison between studies is troublesome. Another major obstacle in comparing studies is the lack of proper registry systems in developing countries with lack of interest in documentation of data and mortality reports. Actually there is also some sort of rarity of Reports from the developed countries, but this was related to rare incidence of PR-AKI, not defective medical registration. Although recent incidence rates were noted to creep up in US and Canada. This rise was not related to inefficient medical services, but in the contrary, due to adopting lower limits of diagnosis and better screening protocols for spotting at risk patients as early as possible.
What is new?
This is a prospective observational study that was conducted at a tertiary Middle-east center in Egypt over two years representing the status of PRAKI in one of the developing countries which suffer maternal and fetal mortalities attributed to pregnancy related AKI. The article describes the incidence, characteristics, risk factors as well as outcomes of those patients and highlight the socio-economic background beyond this serious pregnancy related complication in the developing world aiming that we could raise the issue to world health organizations and associations who might take the initiative to offer help. 

Main manuscript
Introduction
Acute kidney injury in pregnancy (PRAKI), while is now a rare entity in the developed countries, it is still a common occurrence in developing countries representing a major cause of maternal and fetal morbidity and mortality [1]. The continued burden of PRAKI in low income countries reflects the need of better obstetric care. The current literature estimates the incidence of pregnancy related AKI to be in the range of 4%–26% in the developing countries while estimates from the developed countries are approximately 1.0%–2.8% [2-4]. In India, as an example of a developing country, the incidence of PRAKI  has steadily declined from 22% in 1960s to down to 3–7% in 2000s [5]. Although the incidence of PRAKI is declining, these values continue to remain high compared to those the report published by the International Society of Nephrology's seen in developed countries [6]. In (ISN) 0by25 'Global Snapshot'; a multinational, cross-sectional study about the epidemiology of acute kidney injury (AKI) in low and lower middle income countries, PRAKI was among the commonest causes of AKI in these countries [7]. Scarce data are published regarding PRAKI in Middle-east and African countries. Here, we present our experience in Mansoura University Hospital; an Egyptian tertiary care hospital.
Materials and Methods 
This is a prospective observational study that was conducted at Mansoura nephrology and dialysis unit (MNDU), Mansoura University, over two years. During the study period, we included all patients presented to our unit at the time of admission with PRAKI. They were assigned as having AKI according to the urine output and creatinine criteria of KDIGO 2012 [8]. Out of 290 cases of AKI admitted to the hospital (and out of 1500 female patients admitted for pregnancy related issues in obstetrics and gynecology departments), 40 cases were defined as pregnancy related AKI. Data on patients' demographic, medical history, physical examination, routine urine analysis, blood tests and renal ultrasonography were noted. All patients were prospectively followed from the time of diagnosis and for three months. All patients were evaluated regarding their maternal, fetal and renal outcomes. The study end point was evidence of clinical and laboratory recovery or non-recovery of kidney function three months after diagnosis. Accordingly, patients were either classified as; fully recovered with serum creatinine and UOP returns to normal, partially recovered with partial improvement in serum creatinine and UOP but not return to normal and non-recovered with persistent rise in serum creatinine and dependence on dialysis.
Kidney Biopsies were done only in three cases who didn’t recover their renal function after 3 to 4 weeks from diagnosis who were still viable, had no contraindications for renal biopsy and gave an informed consent for undergoing renal biopsy. Patients with underlying chronic kidney disease were excluded from the study. The data were analyzed using SPSS software and the results were recorded as median ± standard deviation (SD). 
Results
Women included in this study had a mean age of 28 (23.5-33.75) years. The majority of them came from rural areas. 22.5% of patients were primi-gravida. The mean gestational age was 32-week gestation so almost all patients were included in the third trimester or in the immediate postpartum period. Worth mentioning that, fifty five percent of patients were delivered by cesarean section (Table 1).
The etiology of PRAKI was varying and many cases were multi-factorial. peri-partum hemorrhage followed by sepsis and preeclampsia constituted the most common causes, with the majority of cases were actually multifactorial. Multi-organ failure complicated 11 (27.5%) of these cases (figure 1). Only one patient had AKI on top of urinary tract infection at 34-week gestation which improved dramatically on appropriate antibiotic treatment.  Regarding patients' outcomes, maternal mortality was the fate of 9 pregnancies (22.5%), of these unfortunate cases, 7 patients (77% from all deaths) had AKI on top of PET.
Clinically, while 35% presented with circulatory failure (from sepsis or blood loss), 27.5% had marked hypertension (most of them were related PET). Urinary parameters were variable, that only 25% had pyuria, 15% had hematuria and 47% had significant proteinuria. An evidence of liver damage was evidenced by elevated liver enzymes in 37.5% and jaundice in 20%. Hematological parameters were noted as well, with severe anemia (Hemoglobin level less than 7gm/dl) was found in 32.5% and a marked thrombocytopenia in 47.5% (most of the were related to either DIC or HELLP/HUS) (Table 1).
Regarding patients' renal outcomes: in spite, the majority of the patients (62.5%) fully recovered, a significant percentage (37.5%) had permanent kidney damage up to being dialysis dependent. Fetal unfavorable events occurred in 31 pregnancies (77.5%), where 10 babies (25%) were delivered prematurely and 21 fetuses (52.5%) died intra-uterine. Fetal mortality was high (around 45%), 70% of them occurred in patients with AKI on top of PET (table 2). 
As regard maternal death, increased maternal mortality was most related to extremes of blood pressure values. Additionally, mortality was higher in patients with DIC, multiorgan failure, and patients who had anuria at the time of presentation (table 3).  
Discussion
Pregnancy related acute kidney injury (PRAKI) represents a major cause of maternal and fetal morbidity and mortality. Owing to the physiological alteration of pregnant body, PRAKI is often tricky to diagnose, difficult to predict and usually diagnosed too late after considerable damage to the kidney has been encountered [9]. Till date, due to considerable heterogeneity in PRAKI definition, stratification and solid outcome between studies, comparison between studies is troublesome [10]. The incidence of PRAKI remains high in developing countries due to poor antenatal care and lack of preventive policies [11], however it was shown  that the incidence of PRAKI was increased in both Canada and the United States through the past few years [12]. This increase was attributed to the increasing sensitivity of AKI diagnosis, particularly in high risk pregnancy. This difference in the incidence of AKI between developing and developed countries is related to the difference in quality of health services, level of awareness and sometimes law restrictions. For example, In India where puerperal sepsis was the leading cause of PRAKI, Its incidence dropped significantly after legislation of abortion [5]. 
 The incidence of PRAKI in our hospital through the study duration was approximately 1% of the total population.  Patients admitted to our hospital are referred from three governorates which are relatively covered with acceptable medical service compared to other governorates in Sinai and west desert which suffer lack of prenatal care and medical services with significant proportion of women have their deliveries conducted by a traditional birth attendant, predicting higher incidence of PRAKI which may be underestimated due to lack of medical records.
Women included in this study had a mean age of 28 years. The majority of them came from rural areas. Considering 27.5% of AKI patients were primi-gravida may be attributed to the rising age of marriage caused by rising costs and consumerism that characterized the Egyptian community through several years with mean marriage age of Egyptian women of 27.9 years [13]. A large proportion of patients were delivered by cesarean section which is increasingly spreading in our community. 
   Sepsis and obstetric hemorrhages were found to be the leading causes of PRAKI in the developing countries (table 4) [14,15]. In developed countries, hypertensive disorders of pregnancy and syndromes of thrombotic micro-angiopathy account for the majority of cases. In our study, obstetric hemorrhage was the principal leading cause of PRAKI (55%). Preeclampsia came in the second place (45%)  However, UTI was considered to be the most frequent renal problem encountered during gestation [16], only one patient had AKI on top of urinary tract infection at 34 week gestation which showed dramatic response to intravenous antibiotics with full recovery of kidney function. 
Regarding maternal, fetal and renal outcomes demonstrated in the present work, it was found that the maternal mortality represented 22.5% of AKI patients. Among survivors of AKI, 62.5% of AKI patients had complete recovery of their renal functions. The remaining 37.5% of AKI patients didn’t recover and became dialysis dependent. Only one patient had partial recovery of her renal function. A major proportion (45%) of AKI patients was complicated by IUFD.
Comparing to results from previous similar studies, high maternal mortality ratios were also reported with variable renal outcomes. Fetal outcomes were also disappointing [17-19]. Studies in 1970's era reported maternal mortality of 55% while relatively recent studies report mortality to be ~15% [3]. 
Previous reports of cesarean delivery in Egypt concluded that its rate is high in Egypt up to 54% of all delivery [26], which correlates well with our study results. Causes were variable but both medical and non-medical aspects were implemented in increasing the incidence of CS, and in our study, CS was a risk factor in some cases and a result is another cases.
The future pregnancy outcomes of even those who had complete renal recovery are unknown. Their vulnerability to develop future renal problems is not fully clear; however is it observed that women with recovered AKI had increased rates of preeclampsia; also, The rates of small for gestational age births and preterm deliveries were also significantly increased [20].
Further improvements in antenatal and perinatal care are still required to decrease the burden of the problem in those young aged women and their offspring. In Middle Eastern countries, lack of documentation pose difficulties in evaluating the magnitude of the problem, that very limited number of studies were published concerning PR-AKI. Women with PRAKI should be the target of further studies and preventive programs.
Conclusion
PRAKI represents a continuous burden in low-income countries. A global strategy should be implemented to reduce the incidence of PRAKI and its related adverse consequences on both mother and fetus. The paucity of data in this field reflects the importance of implementing further research studies to deeply understand the precipitating and key pathophysiologic mechanisms involved in this disease and therefore suggesting new preventive and therapeutic strategies that can help reducing the burden of the problem. 
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	[bookmark: _Hlk37631854]Table 1: Demographic, clinical data and laboratory data

	Value
	Parameter

	40
	Number

	28 (23.25-33.75)
	Age (y)

	Gestational age group

	9 (22.5%)
	     <28w (abortion)

	15 (40%)
	     28-35 (premature)

	16 (37.5%)
	     >36 (full term)

	31.92±5.77
	Mean gestational age (m)

	22 (55%)
	CS delivery (n)

	Parity group

	14 (35%)
	    Primi-para (n)

	26 (65%)
	    Multipara (n)

	Blood pressure

	115 (72-160)
	    Systolic BP

	70 (42-97)
	    Diastolic BP

	85 (52-116)
	    Mean BP

	

	14 (35%)
	Shock (n)

	11 (27.5%)
	Sever Hypertension (n)

	

	Renal lab parameters

	2.2 (1.6-3.87)
	Presenting Cr (mg/dl)

	10 (25%)
	Pyuria (n)

	19 (47.5%)
	Proteinuria (n)

	1100 (150-4125)
	24h proteinuria (mg/d)

	6 (15%)
	Hematuria (n)

	Presenting UOP

	10 (25%)
	    Anuria (n)

	6 (15%)
	    Oliguria (n)

	24 (60%)
	    Normal UOP (n)

	Rest of lab parameters

	14.38 (8.24)
	WBC (x103)

	13 (32.5%)
	Severe anemia (n)

	9.27 (5.39)
	Hemoglobin gm/dl

	19 (47.5%)
	Thrombocytopenia (n) 

	134.3 (97.92)
	Platelet (x103)

	15 (37.5%)
	Hepatic cytolysis (n)

	8 (20%)
	Icterus (n)

	2.84 (0.57)
	Albumin (g/dl)

	12 (30%)
	Coagulopathy (n)

	Severe hypertension: BP measurement >160/100, shock: BP<90/60 with evidence of tissue hypo-perfusion
Severe anemia: <7 gm/dl, Thrombocytopenia: <100000/mm3, Ictrus: bilirubin >2 m g/dl, Hepatic cytolysis: liver enzymes >2 times normal values, Coagulopathy: INR >1.2



	Table 2: Adverse outcome in PRAKI

	Parameter
	Value

	Mother outcome

	    Alive
	31 (77.5%)

	    Dead
	9 (22.5%)

	CS delivery
	22 (55%)

	Pregnancy outcome

	    Full term
	16 (40%)

	    Preterm
	6 (15%)

	    IUFD
	18 (45%)

	Hospital stay
	7 (4-15)

	Multi-organ dysfunction
	10 (25%)



	[bookmark: _Hlk37632556]Table 3: Odds ratio for maternal adverse outcome in AKI group

	
	OR
	CI
	P value

	Severe HTN
	0.690
	0.54-0.88
	0.036

	Shock
	12
	2.01-71.3
	0.002

	PET
	0.268
	0.048-1.49
	0.119

	Hemorrhage
	1.73
	0.388-7.725
	0.470

	Sepsis
	3.59
	0.769-16.78
	0.093

	HELLP
	0.743
	0.611-0.903
	0.198

	Anuria
	23
	2.475-213.702
	0.001

	Anemia
	1.95
	0.425-8.99
	0.385

	thrombocytopenia
	1.51
	0.34-6.75
	0.583

	Icterus
	1.19
	0.1.19-7.24
	0.850

	Hepatic cytolysis
	4.88
	0.99-23.9
	0.040

	Coagulopathy
	54
	5.25-554.45
	0.001

	Multi-organ failure
	32.66
	4.54-234.6
	0.001

	Dialysis
	1.68
	0.369-7.64
	0.500



	Table 4: Summary of articles previously published related to PRAKI in Middle East 

	Study
	Country
	Number and Time period
	Percentage
	Commonest Causes of AKI
	Maternal mortality
	Factors associated with mortality
	Fetal Mortality
	Renal non-recovery

	[21]
	Zagazig  - Egypt
	88 patients over 3 years
	12.4% of all obstetric ICU cases
	PET/HELLP (44%), Hemorrhage (38.6%), sepsis (6.8%) 
	40 (45.45%)
	Hemorrhage, hypotension, oliguria and PET
	
	12 (13%)

	[22]
	Sfax – Tunisia
	313 patients over 17 years
	56.9% of all obstetric ICU cases
	PET (66%), hemorrhage (27%), sepsis (4%) 
	33 (10%)
	
	
	2 (0.4%)

	[23]
	Assiut – Egypt
	34 patients over 6 months
	10% of all obstetric ICU cases
	Hemorrhage (50%), PET/HELLP (50%)
	10 (29.4%)
	
	
	34 (100%)

	[11]
	Morocco – nationwide
	44 patients over 6 months
	
	PET/HELLP (63%), hemorrhage (13%), sepsis (11%) 
	5  (11.4%)
	Older age and sepsis
	
	15 (34%)

	[24]
	Oujda – Morocco
	46 patients over 3 years
	33% of ICU obstetric cases, 0.2% of all obstetric cases

	PET/HELLP (60.9%), hemorrhage (30%), sepsis (23%)
	13 (28%)
	Sever PET, sepsis, hyperbilirubinemia, hemorrhage
	27 (58.7%) fetal death
	2 (4%)

	[25]
	Fez – Morocco
	37 patients over 1 year
	0.66% of all obstetric cases
	PET/HELLP (66.6%), hemorrhage (25%). No sepsis cases reported 
	
	Older age, higher Ceatinine level at time of admission
	
	9 (24%)
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