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Abstract: This study evaluated the relationship between the preoperative alkaline phosphatase (ALP)
level and major postoperative neurological complications in patients undergoing cerebral bypass
surgery. This was a retrospective analysis of a prospective database of all patients undergoing cerebral
bypass surgery after a diagnosis of cerebrovascular stenosis or occlusion between May 2003 and
August 2017. The patients were divided into tertiles based on serum alkaline phosphatase (ALP)
levels (low: <63, intermediate: 63~79, and high: ALP > 79 IU/mL). The incidence of neurological
events according to ALP level was analyzed. The study analyzed 211 cases. The incidence of acute
infarction was highest in the third serum ALP tertile (5.7% vs. 2.9% vs. 16.9% in the first, second, and
third tertile, respectively, p = 0.007). Logistic regression analysis showed that the third tertile of serum
ALP was an independent predictor of acute cerebral infarction (odds ratio 3.346, 95% confidence
interval 1.026-10.984, p = 0.045). On Kaplan-Meier time-to-event curves, the incidence of acute
infarction increased significantly with ALP (log rank = 0.048). Preoperative serum ALP level can
be used as a biomarker to predict acute cerebral infarction in patients undergoing cerebral bypass
surgery for vascular stenosis or occlusion.
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1. Introduction

Cerebral vascular bypass, including extracranial-intracranial and intracranial-intracranial
bypass, is the most common surgical treatment to prevent ischemic complications in carefully
selected patients with intracranial arterial stenosis, occlusion, or cerebral ischemia [1,2]. The
purpose of cerebral vascular bypass is to improve blood flow in the ischemic brain area and to
repair a blocked or damaged artery. However, since manipulation and temporary clipping of
the artery are needed intraoperatively, postoperative complications such as subsequent stroke
or hemorrhage can occur. If high-risk patients can be identified preoperatively using a reliable
prognostic risk factor, it might help to guide more careful patient management, such as strict
hemodynamic control, and ultimately improve the surgical outcome.

Alkaline phosphatase (ALP) is a phosphatase that releases inorganic phosphoric
acid from organophosphorus esters. It is most abundant in bone and is also found in
plasma. It plays an important role in bone mineralization by promoting the hydrolysis of
inorganic pyrophosphate, reducing calcification inhibitors, and increasing the phosphate
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concentration [3]. In traditional clinical practice, blood ALP levels are used to diagnose liver
or bone disease. Recently, ALP has attracted attention as a marker of vascular calcification.
Increased ALP levels have been reported in patients with end-stage renal failure receiving
hemodialysis [4-6] or with hypertension [7] or metabolic syndrome [8], and as a predictor
of myocardial infarction [9-11]. In terms of cerebrovascular disease, ALP is a reliable
predictor of the recurrence of cerebrovascular disease and mortality after stroke [12-15].
However, no study has examined the association between preoperative ALP levels and
postoperative adverse neurological events in patients with cerebral ischemia undergoing
surgical treatment. Therefore, this study retrospectively evaluated the relationship between
preoperative ALP levels and major neurological complications in patients who underwent
cerebral bypass surgery after a diagnosis of cerebrovascular stenosis or occlusion.

2. Materials and Methods

This retrospective study was approved by the institutional review board of the hospital.
Data were collected from electronic medical records dating from May 2003 to August 2017.
The trial was registered prior to patient enrollment at the Clinical Research Information
Service (CriS; http:/ /cris.nih.go.kr; registration number: KCT0003658). The inclusion
criteria were a consecutive patient with American Society of Anesthesiologists (ASA)
physical status classes I-111I, over 18 years old with diagnosed cerebral stenosis or cerebral
artery occlusion, who underwent cerebral bypass surgery under general anesthesia at a
single tertiary hospital from June 2003 to August 2017. The informed consents of patients
was waived because this was a retrospective clinical study. Patients with diseases that can
increase serum ALP level such as hepatic diseases, diagnosed cancer, and chronic kidney
disease were excluded from the analysis.

During the data-collection period, the surgery was performed by three surgeons ac-
cording to our institutional protocol. There were two main anesthesiologists, and anesthesia
was induced and maintained with a target-controlled infusion of remifentanil and propofol
(Orchestra infusion pumps; Fresenius Vial, Brezins, France). The propofol and remifentanil
concentrations were adjusted to maintain the intraoperative systolic arterial pressure within
20% of the baseline value. Patients received statin and anticoagulant therapy after admis-
sion. Under general anesthesia, the parietal or frontal branch of the superficial temporal
artery (STA) driving was confirmed using a doppler ultrasound. Then the parietal or frontal
branch of the STA was dissected and separated for use as a donor artery, according to the
individual size of the patient. Furthermore, using doppler ultrasound, we selected one of
the M4 branches of middle cerebral artery (MCA) in the region that showed the greatest
decrease in perfusion for use as a recipient artery, but avoided the cortical artery directly
supplying the infarction area. After making a small craniotomy, anastomosis between
donor and recipient arteries was performed in the usual manner. After completion, blood
flow was visually checked, and blood flow was also checked using transcranial doppler
ultrasonography and indocyanine green angiogram. After surgery, hypotension or dehy-
dration was avoided and a systolic blood pressure of >120 mmHg was maintained. Aspirin
was administered at 100 mg/day from the day after surgery.

Demographic data were recorded, including age, sex, height, weight, body mass
index (BMI), diagnosed disease, surgical procedure performed, underlying conditions (e.g.,
smoking, hypertension, diabetes, and previous stroke or myocardial infarction), and preop-
erative anticonvulsant infusion. Preoperative laboratory data were also collected, including
hemoglobin, C-reactive protein, cholesterol, calcium, phosphorus, creatinine, albumin,
bilirubin, serum aspartate aminotransferase (AST), and serum alanine aminotransferase
(ALT). An adverse neurological event was postoperative acute cerebral infarction, defined
as a new cerebral infarction or an increase in the size of a previous lesion that occurred
within 1 month postoperatively and was confirmed by magnetic resonance imaging.

The patients were classified into three groups by tertiles based on preoperative serum ALP
levels: low (ALP < 63 IU/mL), intermediate (ALP 63~79 IU/mL), and high (ALP > 79 IU/mL).
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All parameters were compared among these three groups. Values are described as the
mean = standard deviation or number (percent).

The statistical analysis was performed using SPSS Statistics ver. 21.0 (IBM SPSS,
Chicago, IL, USA). Continuous variables were compared using one-way analysis of variance
(ANOVA) or the Kruskal-Wallis test. Differences in proportions were compared using the
chi-square test or Fisher’s exact test. Logistic regression analysis was performed to evaluate
predictors of postoperative 30-day neurologic event. The incidence rate of acute cerebral
infarction was estimated using the Kaplan-Meier product-limit estimation method with
the log-rank test. After checking for violation of the proportional hazard assumption, Cox
proportional hazards regression models were used to estimate the relationship between
the ALP levels and adverse neurological events and acute infarction. A p value < 0.05 was
considered statistically significant.

3. Results

This study enrolled and analyzed 211 patients (Figure 1). Table 1 presents the baseline
demographic characteristics of the three groups based on ALP levels. Except for ALP and
phosphorus levels, the demographic data, medial history, and laboratory data did not differ
significantly among the three groups. In all three groups, the proportion of males was
relatively high, but there was no significant difference in sex among the three groups. The
ALP level differed significantly among the three groups (p < 0.001). Phosphorus, like ALP,
differed significantly among the groups, and patients in the high ALP group tended to
have higher phosphorus levels (p < 0.001).

Assessed for eligibility (n = 236) ‘ Excluded ( n = 25)
+ Hepatic disease (12 = 14)
+ Cancer (n=3)
l Suitable for analysis ( = 211) | + Glomerular filtration rate < 40 ml/min( = 8)
Lower Group (= 65) Middle Group ( = 66) | | Higher Group ( 7 = 80)
Analyzed (1 = 65) Analyzed (n =66) Analyzed ( 7 =80)
« Excluded from analysis (72 =0) + Excluded from analysis ( 1 = 0) « Excluded from analysis ( n = 0)

Figure 1. Consort flow diagram.

The total incidences of acute cerebral infarction were 8.5%. The incidence of acute
cerebral infarction in each group differed significantly among the three groups (p = 0.007,
Table 2). Based on the occurrence of 30-day cerebral infarction, we categorized patients into
two groups as follows: infarction (n = 18) and no infarction (1 = 193) (Table 3). No significant
intergroup differences were observed in baseline characteristics except preoperative ALP
level. (72.5 & 27.9 vs. 92.5 & 33.3; no infarction group vs infarction group, respectively,
p = 0.005, Table 3).
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Table 1. Demographic data according to the level of ALP.
Lower Grou Middle Grou Higher Grou
) e a7 P Value
Demographic data
Age (year) 61.8+11.3 642+ 114 64.6 +11.7 0.285
Body-mass index 240+ 34 242 +26 244 +3.6 0.783
Male 47 (72.3%) 46 (69.7%) 58 (72.5%) 0.073
Past history
Smoking 29 (44.6%) 23 (34.8%) 36 (45.0%) 0.371
Diabetes mellitus 25 (38.5%) 28 (42.4%) 22 (27.5%) 0.162
Hypertension 44 (67.7%) 45 (68.2%) 50 (62.5%) 0.787
Stroke 25 (38.5%) 25 (37.9%) 35 (43.8%) 0.723
Myocardial infarction 7 (10.8%) 6(9.1%) 10 (12.5%) 0.805
Laboratory variables
CRP (mg/L) 01+02 03+13 05+1.9 0.114
Hemoglobin (g/dL) 135£15 144+ 74 136+ 1.6 0.438
Cholesterol (mg/dL) 150.3 £ 44.5 158.9 £+ 44.9 158.3 £40.1 0.427
Calcium (mg/dL) 87+£08 8.9+ 05 88+0.7 0.475
Phosphorus (mg/dL) 447 £17.3 60.6 £ 23.9 89.2 £45.0 <0.001
Creatinine 09+03 1.0+0.3 09403 0.273
Albumin (g/dL) 40=+0.6 42405 41+04 0.238
Bilirubin (mg/dL) 07£02 0.7+03 0.6 £0.3 0.651
AST (IU/dL) 248 +19.1 25.5423.6 28.1+14.7 0.583
ALT (IU/dL) 26.7 £22.8 30.8 £33.0 35.0 £25.0 0.193
ALP (IU/dL) 494 +10.6 702+ 438 102.7 £30.1 <0.001

The values are presented as number (%) or mean =+ standard deviation. Abbreviations: CRP: C-reactive protein;
AST: serum aspartate aminotransferase; ALT: serum alanine transaminase: ALP: Alkaline phosphatase.

Table 2. Incidence rates of acute infarction.

Lower Group Middle Group Higher Group
(n=70) (n=70) (n="71)

Acute infarction 4 (5.7%) 2 (2.9%) 12 (16.9%) 0.007

The values are presented as number (%).

p Value

In the logistic regression analysis, only the serum ALP tertile was related to the
incidence of acute infarction (OR 3.356, 95% CI 1.026-10.974, p = 0.045, Table 4). On Kaplan—
Meier time-to-event curves, all acute infarction occurred within 12 days and differed
significantly among the three groups (log rank = 0.048, Figure 2). As the ALP increased, the
incidence of acute infarction increased significantly. According to the Cox proportional haz-
ards regression analysis, the hazard ratio of acute infarction was 1.013 (95% CI 1.004-1.022,
p =0.007, Table 5).
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Table 3. Intergroup comparison of baseline characteristics based on the incidence of 30-day acute

cerebral infarction.

No Infarction (n = 193) Infarction (n = 18) p Value
Demographic data
Age (year) 63.7 £11.4 61.8 £12.5 0.497
Body-mass index 242 +33 241+£23 0.836
Male 136 (70%) 15(83%) 0.290
Past history

Smoking 80 (41%) 8 (44%) 0.799
Diabetes mellitus 71 (37%) 4 (22%) 0.307
Hypertension 129 (67%) 10 (56%) 0.503
Stroke 48 (25%) 3 (17%) 0.575
Myocardial infarction 21 (11%) 2 (11%) 1.000

Laboratory variables
CRP (mg/L) 03+14 03+07 0.960
Hemoglobin (g/dL) 139+ 4.6 135 £20 0.689
Cholesterol (mg/dL) 156.7 £ 43.1 147.2 £ 44.4 0.374
Calcium (mg/dL) 8.8 +£0.7 8.8+48 0.969
Phosphorus (mg/dL) 64.1 4342 73.8 £53.3 0.280
Creatinine 09403 09£02 0.775
Albumin (g/dL) 41+05 42+04 0.615
Bilirubin (mg/dL) 0.7+03 0.7+£03 0.757
AST (IU/dL) 26.4 +20.1 23.1+95 0.488
ALT (IU/dL) 30.8+275 31.7+27.3 0.897
AST/ALT ratio 1.0+05 1.0+£0.7 0.972
ALP (IU/dL) 7254279 9254333 0.005

The values are presented as number (%) or mean =+ standard deviation. Abbreviations: CRP: C-reactive protein;
AST: serum aspartate aminotransferase; ALT: serum alanine transaminase; ALP: Alkaline phosphatase.
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Figure 2. Kaplan—-Meier event curves of acute cerebral infarction (Log rank 0.048).
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Table 4. Logistic regression analysis of the relationship between ALP and adverse neurologic event
or acute infarction.

OR (95% CI) p Value
ALP third tertile 3.356 (1.026-10.974) 0.045
Cholesterol 0.995 (0.983-1.006) 0.372
AST/ALT ratio 0.983 (0.377-2.560) 0.971
ALP third tertile 3.356 (1.026-10.974) 0.045

The values are presented as number (%). Abbreviations: AST: serum aspartate aminotransferase: ALT: serum
alanine transaminase; ALP: Alkaline phosphatase.

Table 5. Relationship between ALP and acute infarction.

. 95% CI of
Event Number Hazard Ratio Hazard Ratio p Value
Acute infarction 18 1.013 1.004-1.022 0.007

4. Discussion

This retrospective study showed that the incidence of acute infarction increased sig-
nificantly with preoperative serum ALP level in patients who underwent cerebrovascular
bypass surgery after a diagnosis of cerebrovascular stenosis or occlusion. The incidence
of acute infarction was highest in the third tertile ALP group and high serum ALP was a
predictor of postoperative acute cerebral infarction.

Previous studies found strong correlation between the serum ALP levels and the risk
of early death in patients with acute ischemic stroke [16]. In the long term, serum ALP
predicted 1-year mortality and recurrent vascular events [12], and all cause and vascular
death even after 3 years [15]. In addition, serum ALP was also related to cerebral micro-
bleeding and hemorrhagic transformation in ischemic stroke [17,18]. However, there has
been no investigation of the relationship between serum ALP level and postoperative MAE
after cerebrovascular surgery. To our knowledge, this is the first study to evaluate serum
ALP as a predictor of adverse neurological events in patients undergoing cerebral bypass
surgery after a diagnosis of cerebrovascular stenosis or occlusion.

The significant association between ALP and cerebral infarction may be attributable
to several factors. First, vascular calcification is thought to be the main mechanism. ALP
accelerates the hydrolysis of pyrophosphate and potentially reduces this calcification in-
hibitor [3,19], which results in vascular calcification [20,21]. Consequently, ALP activity is
often used as a molecular marker for vascular calcification [22,23]. Vascular calcification
induces atherosclerosis, increases vascular stiffness, and decreases vascular compliance.
We believe that vascular calcification causes cerebrovascular micro-stenosis in the brain,
which increased susceptibility to ischemia while manipulating and temporarily clipping the
artery during surgery. Second, an elevated serum ALP might reflect inflammation [24-26],
because increased ALP levels have been reported in sepsis [27] or with elevated C-reactive
protein [28]. Inflammation increases neutrophil infiltration in the brain cortex, disrupts the
blood-brain barrier, reduces tissue reperfusion, and causes microvascular coagulation and
complement-dependent brain injury [29]. This may lead to adverse neurological events
after bypass surgery, such as hemorrhage or subsequent acute infarction. Therefore, an ele-
vated ALP level may be a risk factor for acute infarction due to progressive atherosclerosis,
as well as a risk factor for hemorrhage due to immature, unstable vascular structures. Third,
damaged vascular homeostasis is another possible mechanism. The bone-type ALP affects
osteoblasts [3,30], which regulate the production of hematopoietic stem cells derived from
bone marrow [31-33], which in turn play a major role in vascular homeostasis by participat-
ing in the pathogenesis of atherosclerosis [34] and promoting angiogenesis [31]. Therefore,
elevated ALP levels might constitute a risk factor for ischemic and hemorrhagic stroke.

In this study, phosphorus concentration was elevated with ALP. This is thought to
occur because phosphate upregulates ALP activity [35]. This is similar to the results of
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studies that have investigated the correlation between phosphorus and cardiovascular
disease or stroke [36-39]. In those investigations, elevated phosphorus accompanied by
elevated ALP was related to the occurrence of stroke, which is related to the vascular
calcification mechanism. However, phosphorus did not show predictive value in the
logistic regression analysis.

Our study had several limitations. First, the number of patients was small compared
with studies of myocardial infarction or stroke. However, regardless of the small number,
this study clearly showed a relationship between a high serum ALP level and postoperative
adverse neurological events. Further prospective, randomized studies of the effects of
serum ALP on the neurological outcome of cerebrovascular bypass are needed. Second,
three surgeons were involved in this study. Although we did not compare the differences
in the incidences of complications according to surgeons, all three were experts with more
than 5 years of experience.

5. Conclusions

In conclusion, preoperative serum ALP level was an independent predictor of acute
infarction in patients undergoing cerebral bypass surgery. Patients with a high serum ALP
may require more careful patient management to prevent postoperative complications and
improve outcomes.

Author Contributions: Conceptualization, S.P. and E.-S.C.; methodology, S.P. and E.-S.C.; formal
analysis, S.P. and E.-S.C.; investigation, S.P., E.-S.C., ].-5.B. and Y.-T.].; data curation, H.-W.J., ].-W.P.
and J.-Y.L.; writing—original draft preparation, S.P. and E.-5.C.; writing—review and editing, S.P.,
E.-S.C,].-S.B. and Y.-T.J; visualization, S.P.,, E.-5.C., ].-S.B. and Y.-T.].; supervision, ].-5.B. and Y.-T.J.
All authors have read and agreed to the published version of the manuscript.

Funding: This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Seoul National University Bundang
Hospital (protocol code B-1802-451-105 and date of approval 02/02/2018).

Informed Consent Statement: The requirement for informed consent was waived by the Institu-
tional Review Board of Seoul National University Bundang Hospital because this study was a
retrospective study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: Clinical trial registration URL: https://cris.nih.go.kr. Unique identifier: KCT0003658.
This work is attributed to the Department of Anesthesiology, Seoul National University Bundang Hospital.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Yoon, S.; Burkhardt, ] K.; Lawton, M.T. Long-term patency in cerebral revascularization surgery: An analysis of a consecutive
series of 430 bypasses. J. Neurosurg. 2019, 131, 80-87. [CrossRef]

Chen, X,; Lin, C.L.; Su, Y.C.; Chen, K.F;; Lai, S.W.; Wei, S.T; Peng, C.T.; Chiu, C.D.; Shieh, S.H.; Chen, C.C. Risk of subsequent stroke,
with or without extracranial-intracranial bypass surgery: A nationwide, retrospective, population-based study. . Neurosurg. 2018,
130, 1906-1913. [CrossRef] [PubMed]

Schoppet, M.; Shanahan, C. Role for alkaline phosphatase as an inducer of vascular calcification in renal failure? Kidney Int. 2008,
73,989-991. [CrossRef] [PubMed]

Abramowitz, M.; Muntner, P.; Coco, M.; William Southern, W.; Lotwin, I.; Hostetter, T.H.; Melamed, M.L. Serum alkaline
phosphatase and phosphate and risk of mortality and hospitalization. Clin. ]. Am. Soc. Nephrol. 2010, 5, 1064-1071. [CrossRef]
[PubMed]

Beige, J.; Wendt, R.; Girndt, M.; Queck, K.-H.; Fiedler, R; Jehle, P. Association of serum alkaline phosphatase with mortality
in non-selected European patients with CKD5D: An observational, three-centre survival analysis. BM] Open 2014, 4, e004275.
[CrossRef]


https://cris.nih.go.kr
http://doi.org/10.3171/2018.3.JNS172158
http://doi.org/10.3171/2017.12.JNS172178
http://www.ncbi.nlm.nih.gov/pubmed/29999468
http://doi.org/10.1038/ki.2008.104
http://www.ncbi.nlm.nih.gov/pubmed/18414436
http://doi.org/10.2215/CJN.08621209
http://www.ncbi.nlm.nih.gov/pubmed/20378645
http://doi.org/10.1136/bmjopen-2013-004275

J. Clin. Med. 2022, 11, 2981 80of9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Stuto, S.; Chattopadhyay, J.; Avram, M.M. Relationship between alkaline phosphatase and all-cause mortality in peritoneal
dialysis patients. Adv. Perit. Dial. 2013, 29, 61-63.

Shimizu, Y.; Nakazato, M.; Sekita, T.; Kadota, K.; Yamasaki, H.; Takamura, N.; Aoyagi, K.; Kusano, Y.; Maeda, T. Association
between alkaline phosphatase and hypertension in a rural Japanese population: The Nagasaki Islands study. J. Physiol. Anthropol.
2013, 32, 10. [CrossRef]

Krishnamurthy, V.R.; Baird, B.C.; Wei, G.; Greene, T.; Raphael, K.; Beddhu, S. Associations of serum alkaline phosphatase with
metabolic syndrome and mortality. Am. |. Med. 2011, 124, 566.e1-566.€7. [CrossRef]

Oh, P.C; Lee, K,; Kim, T.H.; Moon, J.G.; Park, HW.,; Jang, H.].; Park, S.D.; Kwon, S.W.; Suh, J.; Kang, W.C. Prognostic impact of
alkaline phosphatase measured at time of presentation in patients undergoing primary percutaneous coronary intervention for
ST-segment elevation myocardial infarction. PLoS ONE 2017, 12, e0171914.

Wannamethee, S.G.; Sattar, N.; Papcosta, O.; Lennon, L.; Whincup, P.H. Alkaline phosphatase, serum phosphate, and incident
cardiovascular disease and total mortality in older men. Arterioscler. Thromb. Vasc. Biol. 2013, 33, 1070-1076. [CrossRef]

Tonelli, M.; Curhan, G.; Pfeffer, M.; Sacks, F.; Thadhani, R.; Melamed, M.L.; Wiebe, N.; Muntner, P. Relation Between Alkaline
Phosphatase, Serum Phosphate, and All-Cause or Cardiovascular Mortality. Circulation 2009, 120, 1784-1792. [CrossRef] [PubMed]
Ryu, W.S,; Lee, S.H.; Kim, C.; Kim, B.]J.; Yoon, B.W. Increased serum alkaline phosphatase as a predictor of long-term mortality
after stroke. Neurology 2010, 75, 1995-2002. [CrossRef] [PubMed]

Shimizu, Y.; Imano, H.; Ohira, T,; Kitamura, A.; Kiyama, M.; Okada, T.; Ishikawa, Y.; Takashi Shimamoto, T.; Yamagishi, K ;
Tanigawa, T.; et al. CIRCS Investigators. Alkaline phosphatase and risk of stroke among Japanese: The Circulatory Risk in
Communities Study (CIRCS). J. Stroke Cerebrovasc. Dis. 2013, 22, 1046-1055. [CrossRef] [PubMed]

Uehara, T.; Ohara, T.; Minematsu, K.; Nagatsuka, K.; Toyoda, K. Predictors of stroke events in patients with transient ischemic
attack attributable to intracranial stenotic lesions. Intern. Med. 2018, 57, 295-300. [CrossRef]

Pratibha, S.; Praveen-Kumar, S.; Agadi, J. Increased serum alkaline phosphatase and serum phosphate as predictors of mortality
after stroke. J. Clin. Diag. Res. 2014, 8, CC01-CCO03.

Zhong, C; You, S.; Chen, J.; Zhai, G.; Du, H.; Luo, Y.; Dong, X.; Cao, Y.; Liu, C.F; Zhang, Y. Serum alkaline phosphatase,
phosphate, and in-"hospital mortality in acute ischemic stroke patients. J. Stroke Cerebrovasc. Dis. 2018, 27, 257-266. [CrossRef]
Liu, J.; Wang, D.; Li, J.; Xiong, Y.; Liu, B.; Wei, C.; Wu, S.; Liu, M. High serum alkaline phosphatase levels in relation to multi-
cerebral microbleeds in acute ischemic stroke patients with atrial fibrillation and/or rheumatic heart disease. Curr. Neurovasc. Res.
2016, 13, 303-308. [CrossRef]

Liu, J.; Wang, D.; Li, J.; Xiong, Y.; Liu, B.; Wei, C.; Wu, S,; Lin, J.; Liu, M. Increased serum alkaline phosphatase as a predictor of
symptomatic hemorrhagic transformation in ischemic stroke patients with atrial fibrillation and/or rheumatic heart disease. J.
Stroke Cerebrovasc. Dis. 2016, 25, 2448-2452. [CrossRef]

Harmey, D.; Hessle, L.; Narisawa, S.; Johnson, K.A.; Terkeltaub, R.; Millan, J.L. Concerted regulation of inorganic pyrophosphate
and osteopontin by akp2, enppl, and ank: An integrated model of the pathogenesis of mineralization disorders. Am. J. Pathol.
2004, 164, 1199-1209. [CrossRef]

Cheung, B.M.; Ong, K.L.; Wong, L.Y. Elevated serum alkaline phosphatase and peripheral arterial disease in the United States
National Health and Nutrition Examination Survey 1999-2004. Int. ]. Cardiol. 2009, 135, 156-161. [CrossRef]

Schutte, R.; Huisman, H.; Malan, L.; van Rooyen, ].M.; Smith, W.; Glyn, M.C.P,; Mels, CM.C.; Fourie, C.M.T.; Malan, N.T.; Schutte,
A.E. Alkaline phosphatase and arterial structure and function in hypertensive African men: The SABPA study. Int. ]. Cardiol.
2013, 167, 1995-2001. [CrossRef] [PubMed]

Lomashvili, K.; Garg, P.; Narisawa, S.; Millan, J.; O’Neill, W. Upregulation of alkaline phosphatase and pyrophosphate hydrolysis:
Potential mechanism for uremic vascular calcification. Kidney Int. 2008, 73, 1024-1030. [CrossRef] [PubMed]

Haarhaus, M.; Brandenburg, V.; Kalantar-Zadeh, K.; Stenvinkel, P.; Magnusson, P. Alkaline phosphatase: A novel treatment target
for cardiovascular disease in CKD. Nat. Rev. Nephrol. 2017, 3, 429-442. [CrossRef] [PubMed]

Kats, S.; Brands, R.; Seinen, W.; de Jager, W.; Bekker Margreet, W.A.; Soliman Hamad, M.A.; SH Tan, M.E.; Schoénberger, J.P.
Anti-inflammatory effects of alkaline phosphatase in coronary artery bypass surgery with cardiopulmonary bypass. Recent Pat.
Inflamm. Allergy Drug Discov. 2009, 3, 214-220. [CrossRef] [PubMed]

Kats, S.; Schonberger, J.P.; Brands, R.; Seinen, W.; van Oeveren, W. Endotoxin release in cardiac surgery with cardiopulmonary
bypass: Pathophysiology and possible therapeutic strategies. An update. Eur. J. Cardiothorac. Surg. 2011, 39, 451-458. [CrossRef]
Verweij, W.R,; Bentala, H.; van der Vlag, A.H.; van Loenen-Weemaes, A.M.; Kooi, K.; Meijer, D.K.F,; Poelstra, K. Protection against
an Escherichia coli-induced sepsis by alkaline phosphatase in mice. Shock 2004, 22, 174-179. [CrossRef]

Maldonado, O.; Demasi, R.; Maldonado, Y.; Taylor, M.; Troncale, F.; Vender, R. Extremely high levels of alkaline phosphatase in
hospitalized patients. J. Clin. Gastroenterol. 1998, 27, 342-345. [CrossRef]

Webber, M.; Krishnan, A.; Thomas, N.G.; Cheung, B.M. Association between serum alkaline phosphatase and C-reactive protein
in the United States National Health and Nutrition Examination Survey 2005-2006. Clin. Chem. Lab. Med. 2010, 48, 167-173.
[CrossRef]

Dziedzic, T. Changes of Bone Formation Markers Osteocalcin and Bone-Specific Alkaline Phosphatase in Postmenopausal Women
with Osteoporosis. Expert Rev. Neurother. 2015, 15, 523-531. [CrossRef]


http://doi.org/10.1186/1880-6805-32-10
http://doi.org/10.1016/j.amjmed.2010.11.030
http://doi.org/10.1161/ATVBAHA.112.300826
http://doi.org/10.1161/CIRCULATIONAHA.109.851873
http://www.ncbi.nlm.nih.gov/pubmed/19841303
http://doi.org/10.1212/WNL.0b013e3181ff966a
http://www.ncbi.nlm.nih.gov/pubmed/21115954
http://doi.org/10.1016/j.jstrokecerebrovasdis.2012.06.009
http://www.ncbi.nlm.nih.gov/pubmed/22841505
http://doi.org/10.2169/internalmedicine.9447-17
http://doi.org/10.1016/j.jstrokecerebrovasdis.2017.08.041
http://doi.org/10.2174/1567202613666160817095623
http://doi.org/10.1016/j.jstrokecerebrovasdis.2016.06.017
http://doi.org/10.1016/S0002-9440(10)63208-7
http://doi.org/10.1016/j.ijcard.2008.03.039
http://doi.org/10.1016/j.ijcard.2012.05.035
http://www.ncbi.nlm.nih.gov/pubmed/22656046
http://doi.org/10.1038/ki.2008.26
http://www.ncbi.nlm.nih.gov/pubmed/18288101
http://doi.org/10.1038/nrneph.2017.60
http://www.ncbi.nlm.nih.gov/pubmed/28502983
http://doi.org/10.2174/187221309789257388
http://www.ncbi.nlm.nih.gov/pubmed/19534671
http://doi.org/10.1016/j.ejcts.2010.06.011
http://doi.org/10.1097/01.shk.0000132485.05049.8a
http://doi.org/10.1097/00004836-199812000-00013
http://doi.org/10.1515/CCLM.2010.052
http://doi.org/10.1586/14737175.2015.1035712

J. Clin. Med. 2022, 11, 2981 90f9

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Lumachi, F; Ermani, M.; Camozzi, V.; Tombolan, V.; Luisetto, G. Changes of Bone Formation Markers Osteocalcin and Bone-
Specific Alkaline Phosphatase in Postmenopausal Women with Osteoporosis. Ann. N. Y. Acad. Sci. 2009, 1173, E60-E63.
[CrossRef]

Takakura, N.; Watanabe, T.; Suenobu, S.; Yamada, Y.; Noda, T.; Ito, Y.; Satake, M.; Suda, T. A role for hematopoietic stem cells in
promoting angiogenesis. Cell 2000, 102, 199-209. [CrossRef]

Yamada, Y.; Takakura, N. Physiological pathway of differentiation of hematopoietic stem cell population into mural cells. J. Exp.
Med. 2006, 203, 1055-1065. [CrossRef] [PubMed]

Shi, Q.; Rafii, S.; Wu, M.H.D.; Wijelath, E.S.; Yu, C.; Ishida, A.; Fujita, Y.; Kothari, S.; Mohle, R.; Sauvage, L.R.; et al. Evidence for
circulating bone marrow-derived endothelial cells. Blood 1998, 92, 362-367. [CrossRef] [PubMed]

Sata, M.; Saiura, A.; Kunisato, A.; Tojo, A.; Okada, S.; Tokuhisa, T.; Hirai, H.; Makuuchi, M.; Hirata, Y.; Nagai, R. Hematopoietic
stem cells differentiate into vascular cells that participate in the pathogenesis of atherosclerosis. Nat. Med. 2002, 8, 403—409.
[CrossRef]

Lomashvili, K.; Garg, P.; O'Neill, W. Chemical and hormonal determinants of vascular calcification in vitro. Kidney Int. 2006, 69,
1464-1470. [CrossRef] [PubMed]

Chang, J.E; Feng, Y.E; Peng, Y.S.; Hsu, S.P.; Pai, M.F,; Chen, H.Y.; Wu, H.Y,; Yang, ].Y. Combined alkaline phosphatase and
phosphorus levels as a predictor of mortality in maintenance hemodialysis patients. Medicine 2014, 93, e106. [CrossRef]
Larsson, T.E.; Olauson, H.; Hagstrom, E.; Ingelsson, E.; Arnlov, J.; Lind, L.; Sundstrém, J. Conjoint effects of serum calcium and
phosphate on risk of total, cardiovascular, and noncardiovascular mortality in the community. Arterioscler. Thromb. Vasc. Biol.
2010, 30, 333-339. [CrossRef]

Foley, R.N.; Collins, A.].; Ishani, A.; Kalra, P.A. Calcium-phosphate levels and cardiovascular disease in community-dwelling
adults: The Atherosclerosis Risk in Communities (ARIC) Study. Am. Heart ]. 2008, 156, 556-563. [CrossRef]

Park, W.; Kim, B.S; Lee, ].E.; Huh, ].K.; Kim, B.J.; Sung, K.C; Kang, ].H.; Lee, M.H; Park, J.R.; Eun Jung Rhee, E ] ; et al. Serum
phosphate levels and the risk of cardiovascular disease and metabolic syndrome: A double-edged sword. Diabetes Res. Clin. Pract.
2009, 83, 119-125. [CrossRef]


http://doi.org/10.1111/j.1749-6632.2009.04953.x
http://doi.org/10.1016/S0092-8674(00)00025-8
http://doi.org/10.1084/jem.20050373
http://www.ncbi.nlm.nih.gov/pubmed/16606664
http://doi.org/10.1182/blood.V92.2.362
http://www.ncbi.nlm.nih.gov/pubmed/9657732
http://doi.org/10.1038/nm0402-403
http://doi.org/10.1038/sj.ki.5000297
http://www.ncbi.nlm.nih.gov/pubmed/16531981
http://doi.org/10.1097/MD.0000000000000106
http://doi.org/10.1161/ATVBAHA.109.196675
http://doi.org/10.1016/j.ahj.2008.05.016
http://doi.org/10.1016/j.diabres.2008.08.018

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

