Extremely high levels of alkaline phosphatase and pregnancy outcome: case series and review of the literature
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Abstract

Objective: To evaluate the association between extremely elevated alkaline phosphatase (ALKP) levels (above 1000 U/L) and adverse perinatal outcome.

Design: A retrospective case series 
Setting and popultion: All parturients with extremely elevated ALKP levels taken throughout pregnancy at a single university-affiliated medical center (2010-2018).
Methods: Demographics and medical data were retrieved. Following literature review, previously reported similar cases were added to the cohort.  We report perinatal outcome of our cohort as well as literature review.
Results: During study period 11 parturients with high ALKP were identified. Ten more cases were retrieved from PubMed search. Overall, median ALKP levels were 1880 (range 1052-4488, U/L). Reasons for evaluation were mostly nonspecific symptoms (pruritus, headache, abdominal pain) or routine obstetrical evaluation. Twelve isoenzyme analysis were available - 10 of which were of placental fraction; median gestational age at delivery was 38 (35-41), four (19%) women delivered preterm, ; six patients (29%) had gestational diabetes mellitus and 6 (29%) had hypertensive disorder. Histopathology of the placenta was available in 8 cases: 3 normal histology (38%) and 5 with different non-specific pathologies. 
Conclusions: We report the largest case series of extremely elevated levels of ALKP in pregnancy thus far. Our data suggest association with adverse perinatal outcome. 
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Introduction:
Alkaline phosphatase (ALKP) is plasma membrane-bound glycoprotein involved in energy production. Human ALKP is classified into four tissue specific forms or isozymes, according to the site where it is expressed: placenta, Intestine, liver/bone/kidney and germ cell [1]. During pregnancy, serum ALKP levels increase progressively, reaching the highest values in the third trimester, mostly due to addition of placental isoenzyme. This usually results in doubling in the total ALKP level [2]. Review of the literature had identified several case reports linking markedly elevated serum ALKP levels and adverse obstetrics and perinatal outcome. An association was found between high ALK serum levels and preterm labor, [3-6]  hypertensive disorders [7-9], gestational diabetes [9-11], low birth weight [5] and large for gestational age among women with normal glucose tolerance test [12].  Also, one case of  neonatal alloimmune thrombocytopenia was reported [11]. The exact mechanism that relates elevated placental ALKP with adverse outcome is unknown, but it was hypothesized that at least some of the complications are associated with placental insuffiency [5]. Colins et al. suggested a link between elevated placental ALKP levels and placental damage from infractions, resulting in placental origin enzyme release [13].  Also, a study by Davis et al. demonstrated histologically and immunohistochemical confirmed uteroplacental vascular disease in pregnancies complicated by markedly elevated ALKP levels [14]. To note, not all studies demonstrated related adverse perinatal outcomes with elevated ALKP levels [15-16]. Thus, in this study we aimed to report the obstetric and perinatal outcome of 11 parturients with markedly high ALKP levels identified in a single university affiliated medical center as well as review of all cases reported until now  in the literature. 
Methods:
This is a retrospective case series of all parturients with extremely elevated ALKP levels, defined as over 1000 U/L, taken any time throughout pregnancy at a single university affiliated medical center from January 1st, 2010 to December 31st, 2018. Cases with obvious hepatic, renal or osteal disease were excluded. Overall,  11 parturients were identified. Data regarding demographics, reason for evaluation, pregnancy surveillance and obstetrical adverse outcome were retrieved from hospitals computerized files. Laboratory data and placental histology were reported if available.  In addition, we searched the literature for any reported similar cases and encountered 10 other cases.  We report the perinatal outcome for our cohort as well as  literature review. The study was approved by the local ethics committee. Informed consent was waived due to the retrospective nature of the study. 
Results: 
During study period we identified 11 parturients with markedly elevated ALKP. Ten more cases were retrieved from PubMed search (Table 1). Overall, maternal age ranged from 23 to 46 years old. Median gestational age at evaluation was 36 (35-41) weeks of gestation. All pregnancies were singleton except for one dichorionic diamniotic pregnancy.  

Median ALKP levels were 1880 U/L (range 1052-4488). Reasons for evaluation varied from nonspecific symptoms (pruritus, headache, abdominal pain) to routine obstetrical evaluation. Fifty seven percent of cases (12/21) had ALKP isoenzyme analysis. Of them, 10 cases showed increased placental fraction and 2 were of bone origin. In both cases, there were no osteal complaints or any abnormal findings upon evaluation. In one case,  ALKP  levels returned to normal 6 weeks post-partum [9]. and in the second case, it remained high until 6 weeks post-partum without any apparent explanation [2]. The authors hypothesized that exaggerated physiological response in pregnancy, affecting bone turnover, caused the extremely elevation of serum markers of bone formation. 
Median gestational age at delivery was 38 weeks (35-41), three had spontaneous preterm delivery (35-36)  and one was induced preterm delivery at 36 weeks of gestation due to elevated ALKP levels; six patients (29%) had gestational diabetes mellitus and 6/21 (29%) had hypertensive disorder. Average birth weight was 3024 grams (range 1821-3655 grams) and one pregnancy was complicated by fetal growth restriction (week 38, 1821 grams). Cesarean section was performed due to obstetrical reasons in 5/21 cases. Interestingly, 13 fetuses were male gender.  Histopathology of the placenta was available in 8 cases: 3 had normal histology (38%) and 5 demonstrated different pathologies such as vasculopathy and inflammation [5,8,14]. Postpartum follow up was available in 9 cases: in 6 cases ALKP normalized gradually, 1 remained high (bone origin [2]) and one had persistent elevated ALKP levels  In subsequent pregnancy without apparent medical explanation. Almost all fetuses were born healthy besides one case of neonatal alloimmune thrombocytopenia previously reported in the literature [11]. 
Discussion:
In our study, we report the outcome of  21 pregnancies complicated by extremely elevated ALKP levels. Obstetrical complications were higher than expected according to existent literature.
Global preterm labor rate is estimated around 10-12% [17,18]. In our study, preterm labor rates, wither spontaneous or induced, nearly doubled (19%). Numerous studied were conducted in order to find risk factors and predictors of preterm labor. Among them, elevated ALKP levels were associated with preterm delivery [3]. A large study that aimed to  determine whether elevated mid trimester serum placental ALKP levels can predict preterm delivery had found strong correlation between placental ALKP levels 2.0 times or higher (in multiples of the median) and preterm delivery [6]. Only 2 of 21 women in our study had delivered beyond 39 weeks of gestations. 
Gestational diabetes mellitus (GDM) is one of the most common medical complications of pregnancy and estimated to complicate 7% of pregnancies [19]. In our cohort DGM rates were 29%. While pathology causing GDM is well known [20],  process of abnormal elevated ALKP is not well established and yet to be investigated [2,5,13,14]. Interestingly, a prospective study that assessed the biochemical parameters in early pregnancy had demonstrated significantly increased risk of large for gestational age associated with higher serum concentrations of ALKP, even with normal glucose tolerance test [12].
Gestational hypertensive disorders are well known cause for maternal and perinatal mortality. While pre-eclampsia is  estimated to complicate 2-10% of pregnancies worldwide [7,21], in our study it reached 29%. Overall, eight placentas had histological evaluation, three were normal and the remaining  demonstrated different pathologies such as vasculopathy and inflammation. four of the placentas (50%) had infracts, fibrin deposits or vasculopathy and one had demonstrated villitis (12.5%) , similar histological finding can be found in pre-eclampsia [21] .  These finding might implicate a uteroplacental damage resulting in enzymes release and hypertensive disorders. Isoenzyme analysis was available only in 12 cases. Ten were of placental origin and in 2 cases - ALKP was mostly due to increased osteal fraction. In both these cases, no osseous pathology  was found [2,9].  . This might be due to exaggerated physiological response in pregnancy on bone metabolism [2] . Therefore, mechanism causing ALKP pathological elevation might be multifactorial. 
The primary strength of our study relies in the  number of cases, firstly assembled into the largest case series available in the literature. 
Out study has few limitations, mostly originated from its retrospective nature. Though more than half of cases are from the same medical center, the remaining are from different hospitals and even countries. Therefore, a large heterogeneity exists and  the ability to draw general conclusion is limited.
Conclusion 
we report the largest case series of markedly high levels of ALKP in pregnancy thus far. Our data suggest association with adverse perinatal outcome. Detecting extremely increased ALKP levels during the pregnancy, might suggest additional risk for adverse prenatal outcome  and a more frequent surveillance might be worthwhile.

Tweetable abstract
Twenty one cases of extremely elevated ALKP levels demonstrate association with adverse perinatal outcome.
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	Number
	Parity
	GA at diagnosis
	Maximum Level ALKP (U/L)
	Isoenzyme 
	GA at delivery
	complications

	1
	G1P0
	38
	1080
	
	38
	Hypertension

	2
	G3P1
	41
	1139
	 
	41
	

	3
	G2P1
	39
	1568
	 
	38
	

	4
	G2P0
	39
	1453
	 
	39
	

	5
	G2P1
	35
	1483
	 Placenta
	35
	GDM, Preterm labor

	6
	G4P3
	39
	2062
	 
	39
	

	7
	G12P11
	37
	2035
	 
	37
	

	8
	G1P0
	36
	1052
	 
	36
	Preterm labor

	9
	G6P5
	38
	1874
	
	38
	

	10
	G5P3
	41
	1337
	
	41
	Hypertension, GDM

	11
	G3P2
	37
	2224
	Placenta
	38
	GDM

	12 [2]
	G1P0
	36
	1369
	Bone
	38
	

	13 [4]
	G2P1
	30
	2022
	Placenta
	36
	PPROM,  preterm labor

	14 [5]
	G3P2
	33
	>10 fold
	Placenta
	36
	Hypertension,  preterm labor

	15 [8]
	G1P0
	32
	2360
	Placenta
	38
	Hypertension

	16 [9]
	G7P2
	39
	2561
	Bone
	39
	Hypertension, GDM 

	17 [10]
	G2P1
	39
	2137
	Placenta
	39
	GDM       

	18 [11]
	G3P0
	34
	4053
	Placenta
	40
	GDM

	19 [14]
	G2P1
	33
	1880
	Placenta
	38
	Hypertension

	20 [15]
	G2P1
	37
	4488
	Placenta
	39
	

	21 [16]
	G1P0
	37
	3609
	Placenta
	38
	


Table 1: Demographics, obstetrics and laboratory outcome
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