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Chronic kidney disease (CKD) patients have a higher risk of developing early cardiovascular disease (CVD). Although

vascular calcification (VC) is one of the strongest predictors of CVD risk, its diagnosis among the CKD population remains

a serious clinical challenge. Imaging methods, henceforward referred to as imaging biomarkers, have played a crucial role

in the diagnosis of VC, with important insights into cardiovascular risk. One of the reasons that may explain the struggle

for accurate VC diagnosis in CKD patients is that the calcification characteristics change alongside renal deterioration and

CKD progression. Novel circulating biomarkers like Fetuin-a, Matrix Gla Protein (MGP) and Gla Rich Protein (GRP),

representing a more direct and unique reflection of the molecular dynamics involved in VC mechanisms, could

complement VC clinical diagnostic and add value to patient care.
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1. Radiology Techniques

Conventional X-rays can identify extra-skeletal calcifications, particularly in the aorta and peripheral arteries. Radiographs

have the advantage of being economical, with less exposure to radiation compared to CT scans. They seem to provide

valid prognostic information scores, as well as simple and readily available clinical data, representing a good method to

screen for the presence of vascular calcification (VC) in Chronic kidney disease (CKD) patients. The KDIGO (kidney

disease: improving global outcomes) guidelines from 2017  recommend radiologic methods as evaluation tools for VC

diagnosis, particularly the lateral lumbar spine X-ray for VC assessment in stages 3–5 D. In concordance, several

observational studies involving CKD populations have confirmed that using plain X-rays in different body locations is an

effective alternative for VC detection and CVD risk evaluation, either in early stages of the disease  or in a hemodialysis

population .

Similar to ultrasonography and computed tomography, plain X-rays also have specific scoring tools that can give

physicians a semi-quantitative analysis of calcium deposits. In 2004, Teresa Adragão et al. developed a simple score to

assess subclinical vascular disease in a prospective observational study involving 123 hemodialysis patients . The

Adragão score, obtained by a plain X-ray of the hands and pelvis (iliac, femoral, radial and digital arteries), is not only a

tool for the assessment of cardiovascular risk, but also an indicator associated with arterial stiffness and mortality in

dialysis patients . The Adragão score is suitable for detection of heavy deposits of mineral crystals in the media layer of

the vessels; the most common type of calcification affecting small vessels and typically found among CKD patients. These

deposits localized in peripheric arteries are recognized to have a high CVD risk prognostic value for CKD patients .

Another X-ray-based score was established by Kauppila et al.  from a retrospective study involving 617 lateral lumbar

radiographs performed on patients from the Framingham heart study. The Kauppila score, representing the abdominal

aorta calcification score (AACS) , assesses vascular calcifications via lateral abdominal X-rays and was proven to be a

simple, low cost assessment of subclinical vascular disease. More recently, it was correlated with cardiovascular event

prediction in a study involving 187 peritoneal dialysis patients, and was showed to improve risk stratification beyond the

Framingham risk score in another study involving 184 hemodialysis patients . Observational studies comparing the

performance of both the Adragão and Kauppila scores with the CT-scan based score (Agatston) support the notion that X-

ray-based calcification scores are valid alternatives to CT scans, with incremental prognostic values for CV events beyond

traditional risk factors. One of the studies, involving 143 patients at various stages of CKD, showed a significant and linear

relationship between the Agatston and Kaupilla scores . In addition, a cross-sectional study performed in 50

hemodialysis patients showed a correlation between the Adragao and Agatston scores to clinically detect vascular

calcification for this population .

Nevertheless, X-ray imaging techniques still include drawbacks and limitations, such as they allow a clear identification of

VC lesions only when the vessel is considerably calcified ; difficulties in distinguishing between medial and intimal

calcification if they coexist in the vessel; the semi-quantitative nature of the calcification reading due to the inability to
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precisely quantify calcium deposits; and the inability to reliably detect subtle temporal changes in VC. These pose major

challenges for early VC diagnosis and disease progression monitoring, limiting its use for CVD risk detection in early

stages of CKD—stages 1 and 2, where the disease is in most cases silent—highlighting a clear need for complementary

clinical exams.

2. Ultrasonography Techniques

In conventional ultrasonography methods, their resolution is dependent on the depth of area, which makes them

appropriate for detection of calcification deposits in superficial arteries (carotid, femoral and peripheral arteries).

Ultrasonography has the benefit of no radiation exposure and is a relatively economical choice, widely available at most

health care facilities, and has the potential to be implemented as a routine method for VC detection. Since it specifically

analyzes the wall thickness and lumen size, it can detect stenosis of the arteries and mineral deposition sites either in

vessels or cardiac valves . Some studies have suggested the more efficient ability of ultrasonography to detect

medial calcification compared to the X-ray approach , by it clearly being able to distinguish between the different layers

of the arterial wall, with the advantage of also detecting calcium deposits in aortic and mitral valves. Since medial

calcification is prevalent in CKD patients, ultrasonography, and its associated VC scores, appears to be a good method to

assess VC in the CKD population .

Several calcification scores based on ultrasound detection of calcium deposits have showed the potential of this technique

to detect VC in early or even asymptomatic CVD patients at risk. Although not yet deeply studied in the CKD population,

some of these scores can be particularly relevant for CKD at earlier stages where CVD diagnostic is particularly

challenging . The transthoracic echocardiography-based score (Echo score)  showed strong correlation with

coronary artery disease (CAD) and association with the CT-scan based score (Agatston) in non CKD patients with

low/intermediate CVD risk . The color Doppler ultrasound score (CALCs)  was found to be highly correlated with

markers of subclinical atherosclerosis, such as the intima–media thickness and arterial stiffness in asymptomatic patients

at low–intermediate CVD risk, predicting CVD events beyond the traditional risk factors . The duplex ultrasound (DUS)-

based score, named DULLAC, assessed the lower limbs artery calcification of six patients selected randomly from the

Vascular Studies Unit at Cambridge University Hospitals and added an input to risk stratification in non-CKD patients with

peripheral arterial disease  by correlating with CT-based arterial calcium measurements.

More recently, intravascular modality based on wave-sound, called intravascular ultrasound (IVUS), has revolutionized

ultrasonography methods by detailing plaque and vessel wall in real-time throughout the coronary artery tree. IVUS has

been largely used due to its sensitivity and specificity for detecting calcium within a plaque, enabling calcium deposit

localization and distribution, as well as a more precise quantification of calcification than the previous described

ultrasound techniques . A study comprising 440 patients with stable angina aimed to compare IVUS, optical coherence

tomography (OCT) and coronary angiography in their ability to target lesion calcification in patients undergoing

percutaneous coronary intervention. The results showed that calcium deposits were detected by IVUS in 83% of patients,

OCT in 77% of patients and angiography in 40% of patients, revealing a higher accuracy of the IVUS method in detecting

calcifications. This ultrasound modality score , designated as the IVUS calcium score, was proposed as a robust and

accurate tool to assess both the presence and amount of coronary calcification.

Although promising for predicting CVD risk, these ultrasonography scores still lack specific evidence for CKD patients,

requiring further studies to validate its use for routine assessment among this population. Additionally, due to its invasive

nature, the IVUS method should be used with precaution to avoid disturbance of existing unstable plaques.

Even though ultrasonography can add substantial input to VC diagnosis, it still reflects some limitations regarding

evaluation of calcium mineral deposition. Current ultrasonography methods, except for IVUS, lack on providing a

quantification of mineral deposits in vessels and valves . Furthermore, these ultrasonography techniques still fail on

providing detection of microcalcifications in atheromatous plaques, and are fit only for diagnosis of macrocalcifications.

3. Molecular Imaging Techniques

Computed tomography (CT) scanning is the gold standard method for evaluation of VC, allowing an objective

quantification of calcium deposits. CT scanning is a non-invasive exam using X-rays for imaging of the heart and its

structures.

Computed tomography is very useful for cardiovascular risk stratification by providing a reliable quantification of

macroscopic calcium deposits expressed as a clinical coronary artery calcium score (CACS)  or aortic valve
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calcification score (AVCS) . The importance of CACS evaluation is evidenced by the latest 2019 guidelines of the

American College of Cardiology/American Heart Association, which included for the first time “Coronary Artery Calcium”

as an assessment tool for cardiovascular risk in individuals with intermediate predicted risk . CACSs to stratify the

cardiovascular risk of their patients, and monitor disease progression: (1) the Agatston score , (2) volume of calcium

score  and (3) calcium mass score . Mostly due to its simplicity, the score proposed by the cardiologist Arthur

Agatston in 1990 continues to be the reference CACS used for most population-based studies involving CVD risk

stratification. These CAC-based scores can be used to detect calcification not only in carotids arteries, but also in larger

arteries such as the abdominal  or thoracic aorta , and even in cardiac valves .

In addition, large cohort studies  have demonstrated the ability of CACS to predict cardiac events in

asymptomatic subjects, supporting an increment value over conventional risk factor assessment. In a CKD scenario, the

extent of vascular and valvular calcification increases with renal deterioration throughout the disease stage progression.

These CT scoring tools become important because the information provided by CAC score assessment can significantly

alter clinical decisions, providing a closer disease monitoring with the possibility to intervene to delay VC progression 

. In a large study of CKD patients as part of the Chronic Renal Insufficiency Cohort trial, the Agatston score was

evaluated in 1541 CKD patients from stage two to four without established CVD . In these patients, the CAC score was

shown to improve risk prediction for cardiovascular disease, myocardial infarction and heart failure relative to established

cardiovascular disease risk factors, highlighting the clinical input that the CAC score can add to medical care.

However, CT scans cannot accurately differentiate between the intimal and medial location of calcium deposits due to low

resolution captured by the scan, challenging the detection of medial calcification in small arteries, which is characteristic in

CKD. Moreover, the high equipment cost, the high-dose ionizing radiation exposure, the risk of nephropathy due to the

contrast agent when coupled with angiography and the inability to perform in-office testing add unfavorable circumstances

for the regular use of this method to assess VC, particularly in renal disease patients. Additionally, medial artery

calcification does not always develop proportionally to obstructive coronary artery disease (CAD), limiting the prognostic

value of CT scanning coupled with angiography . Another major disadvantage of CT scans is that they only provide

quantification of macrocalcifications. Although CT scans are considered good markers of overall CVD burdens, their

inability to detect microcalcifications also argues their use in identifying vulnerable lesions prone to rupture, often

characterized by the presence of microcalcifications in early phases of VC development.

Recently, other molecular imaging techniques have been explored as an alternative to CT scans, aiming to explore this

flaw of lack of detection of microcalcifications. In CKD, a continuum of calcification typically occurs with evidence of both

micro- and macro-calcification in the intima and media. However, X-rays, ultrasonography (except for IVUS) and CT-scans

can only detect macrocalcifications. A solution for detecting microcalcification is reported in a recent technique called

positron emission tomography (PET). This remarkable tool uses a radioactive tracer ((18) F-NaF) to detect small calcium

deposits on the endothelium surface. A deeper description of the method can be found elsewhere. The use of PET fosters

new approaches for diagnosis of microcalcification in the vascular tree, adding a clinical possibility to distinguish between

areas of macro- and micro-calcification . However, this technique is not yet commonly applied for clinical monitoring of

cardiovascular disease in CKD patients, being mostly used for microcalcification diagnosis for several forms of cancer or

for CVD in general .

Overall, due to the lack of sensitivity in distinguishing between calcification of the intima and media layers and limitations

in detecting microcalcifications, CT scans might not always be the best method to assess VC in a CKD context. In light of

these limitations, radiology and ultrasonography methods, under some circumstances, might be preferable choices over

CT scans for CVD risk stratification in early CKD stages. However, they also have considerable restrictions for

cardiovascular risk prediction in CKD patients. The establishment of a multimodality-based diagnostic tool, using not only

imaging but also circulating markers for VC, could overcome the individual gaps of each imaging technique. The

possibility to integrate novel VC circulating biomarkers in this multimodality-based diagnostic approach, could not only

reduce the medical exam cost burden, but also introduce complementary information on VC pathophysiological pathways

with implications for the disease management. Novel circulating biomarkers like Fetuin-a, Matrix Gla Protein and Gla Rich

Protein, representing a more direct and unique reflection of the molecular dynamics involved in VC mechanisms, could

complement VC clinical diagnostic and add value to patient care

References

1. Ketteler, M.; Block, G.A.; Evenepoel, P.; Fukagawa, M.; Herzog, C.A.; Mccann, L.; Moe, S.M.; Shroff, R.; Tonelli, M.A.;
Toussaint, N.D.; et al. Diagnosis, Evaluation, Prevention, and Treatment of Chronic Kidney Disease-Mineral and Bone

[26]

[27]

[28]

[29] [30]

[27][28] [31] [32]

[31][33][34]

[35]

[36][37]

[38]

[39]

[40]

[41]



Disorder: Synopsis of the Kidney Disease: Improving Global Outcomes 2017 Clinical Practice Guideline Update. Ann.
Intern. Med. 2018, 168, 422–430.

2. Silva, A.P.; Viegas, C.S.B.; Mendes, F.; Macedo, A.; Guilherme, P.; Tavares, N.; Dias, C.; Rato, F.; Santos, N.; Faísca,
M.; et al. Gla-Rich Protein (GRP) as an Early and Novel Marker of Vascular Calcification and Kidney Dysfunction in
Diabetic Patients with CKD: A Pilot Cross-Sectional Study. J. Clin. Med. 2020, 9, 635.

3. Inoue, T.; Ogawa, T.; Ishida, H.; Ando, Y.; Nitta, K. Aortic arch calcification evaluated on chest X-ray is a strong
independent predictor of cardiovascular events in chronic hemodialysis patients. Heart Vessel. 2012, 27, 135–142.

4. Adragao, T.; Pires, A.; Lucas, C.; Birne, R.; Gonçalves, M.; Pita Negrao, A. A simple vascular calcification score
predicts cardiovascular risk in haemodialysis patients. Nephrol. Dial. Transpl. 2004, 19, 1480–1488.

5. Adragão, T.; Pires, A.; Birne, R.; Dias Curto, J.; Lucas, C.; Gonçalves, M.; Negrão, A.P. A plain X-ray vascular
calcification score is associated with arterial stiffness and mortality in dialysis patients. Nephrol. Dial. Transpl. 2009, 24,
997–1002.

6. Chen, W.; Melamed, M.L. Vascular Calcification in Predialysis CKD: Common and Deadly. Clin. J. Am. Soc. Nephrol.
2015, 10, 551–553.

7. Kauppila, L.I.; Polak, J.F.; Cupples, L.A.; Hannan, M.T.; Kiel, D.P.; Wilson, P.W.F. New indices to classify location,
severity and progression of calcific lesions in the abdominal aorta: A 25-year follow-up study. Atherosclerosis 1997,
132, 245–250.

8. Ma, D.; Yan, H.; Yang, X.; Yu, Z.; Ni, Z.; Fang, W. Abdominal aortic calcification score as a predictor of clinical outcome
in peritoneal dialysis patients: A prospective cohort study. BMC Nephrol. 2020, 21, 151.

9. Bellasi, A.; Di Lullo, L.; Russo, D.; Ciarcia, R.; Magnocavallo, M.; Lavalle, C.; Ratti, C.; Fusaro, M.; Cozzolino, M.; Di
Iorio, B.R. Predictive Value of Measures of Vascular Calcification Burden and Progression for Risk of Death in Incident
to Dialysis Patients. J. Clin. Med. 2021, 10, 376.

10. Liabeuf, S.; Desjardins, L.; Diouf, M.; Temmar, M.; Renard, C.; Choukroun, G.; Massy, Z.A. The Addition of Vascular
Calcification Scores to Traditional Risk Factors Improves Cardiovascular Risk Assessment in Patients with Chronic
Kidney Disease. PLoS ONE 2015, 10, e0131707.

11. Adragao, T.; Ferreira, A.; Frazao, J.M.; Papoila, A.L.; Pinto, I.; Monier-Faugere, M.-C.; Malluche, H.H. Higher
mineralized bone volume is associated with a lower plain X-Ray vascular calcification score in hemodialysis patients.
PLoS ONE 2017, 12, e0179868.

12. Marinelli, A.; Pistolesi, V.; Pasquale, L.; Di Lullo, L.; Ferrazzano, M.; Baudena, G.; Della Grotta, F.; Napoli, A. Di
Diagnosis of Arterial Media Calcification in Chronic Kidney Disease. Cardiorenal. Med. 2013, 3, 89–95.

13. Utsunomiya, H.; Yamamoto, H.; Urabe, Y.; Tsushima, H.; Kunita, E.; Kitagawa, T.; Hidaka, T.; Kihara, Y. Association
between heart calcification assessed by echocardiography and future cardiovascular disease mortality and morbidity.
Int. J. Cardiol. Heart Vessel. 2013, 2, 15.

14. Wang, Y.; Osborne, M.T.; Tung, B.; Li, M.; Li, Y. Imaging Cardiovascular Calcification. J. Am. Heart Assoc. 2018, 7,
e008564.

15. Agricola, E.; Stella, S. Ultrasound-based aortic valve calcium scoring method: Are we ready to use it? Int. J. Cardiol.
2018, 252, 72–73.

16. Moe, S.M.; O’Neill, K.D.; Duan, D.; Ahmed, S.; Chen, N.X.; Leapman, S.B.; Fineberg, N.; Kopecky, K. Medial artery
calcification in ESRD patients is associated with deposition of bone matrix proteins. Kidney Int. 2002, 61, 638–647.

17. Janda, K.; Krzanowski, M.; Gajda, M.; Dumnicka, P.; Fedak, D.; Lis, G.J.; Jaśkowski, P.; Pietrzycka, A.; Litwin, J.A.;
Sułowicz, W. Cardiovascular risk in chronic kidney disease patients: Intima-media thickness predicts the incidence and
severity of histologically assessed medial calcification in radial arteries. BMC Nephrol. 2015, 16, 78.

18. Hirschberg, K.; Reinhart, M.; Konstandin, M.; Uhlmann, L.; Katus, H.A.; Mereles, D. Diagnostic and prognostic value of
a novel cardiac calcification score for coronary artery disease by transthoracic echocardiography. Int. J. Cardiol. 2015,
190, 332–334.

19. Hirschberg, K.; Manuel, R.; Mereles, D.; Uhlmann, L.; André, F.; Riffel, J.; Ochs, M.; Katus, H.A. Echocardiographic
calcification score in patients with low/ intermediate cardiovascular risk. Clin. Res. Cardiol. 1234, 108, 194–202.

20. Flore, R.; Ponziani, F.R.; Tinelli, G.; Arena, V.; Fonnesu, C.; Nesci, A.; Santoro, L.; Tondi, P.; Santoliquido, A. New
Modalities of Ultrasound-Based Intima-Media Thickness, Arterial Stiffness and Non-Coronary Vascular Calcifications
Detection to Assess Cardiovascular Risk. Available online: https://www.europeanreview.org/article/8807 (accessed on
20 May 2022).



21. Flore, R.; Zocco, M.A.; Ainora, M.E.; Fonnesu, C.; Nesci, A.; Gasbarrini, A.; Ponziani, F.R. A novel ultrasound-based
vascular calcification score (CALCS) to detect subclinical atherosclerosis. Eur. Rev. Med. Pharmacol. Sci. 2018, 22,
736–742.

22. Taylor, C.; Zielinski, L.P.; Chowdhury, M.M.; Coughlin, P.A. Defining the Role of Duplex Ultrasound Assessment to
Determine Severity of Arterial Calcification: An Analysis of the Superficial Femoral Artery. J. Vasc. Ultrasound 2020, 44,
74–78.

23. Liu, S.; Neleman, T.; Hartman, E.M.J.; Ligthart, J.M.R.; Witberg, K.T.; van der Steen, A.F.W.; Wentzel, J.J.; Daemen, J.;
van Soest, G. Automated Quantitative Assessment of Coronary Calcification Using Intravascular Ultrasound.
Ultrasound Med. Biol. 2020, 46, 2801–2809.

24. Raggi, P.; Bellasi, A. Clinical Assessment of Vascular Calcification. Adv. Chronic Kidney Dis. 2007, 14, 37–43.

25. Becker, C.R.; Knez, A.; Ohnesorge, B.; Schoepf, U.J.; Flohr, T.; Bruening, R.; Haberl, R.; Reiser, M.F. Visualization and
quantification of coronary calcifications with electron beam and spiral computed tomography. Eur. Radiol. 2000, 10,
629–635.

26. Pawade, T.; Clavel, M.A.; Tribouilloy, C.; Dreyfus, J.; Mathieu, T.; Tastet, L.; Renard, C.; Gun, M.; Jenkins, W.S.A.;
MacRon, L.; et al. Computed Tomography Aortic Valve Calcium Scoring in Patients with Aortic Stenosis. Circ.
Cardiovasc. Imaging 2018, 11, e007146.

27. Arnett, D.K.; Blumenthal, R.S.; Albert, M.A.; Buroker, A.B.; Goldberger, Z.D.; Hahn, E.J.; Himmelfarb, C.D.; Khera, A.;
Lloyd-Jones, D.; McEvoy, J.W.; et al. 2019 ACC/AHA Guideline on the Primary Prevention of Cardiovascular Disease: A
Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines.
Circulation 2019, 140, e596–e646.

28. Agatston, A.S.; Janowitz, W.R.; Hildner, F.J.; Zusmer, N.R.; Viamonte, M.; Detrano, R. Quantification of coronary artery
calcium using ultrafast computed tomography. J. Am. Coll. Cardiol. 1990, 15, 827–832.

29. Hong, C.; Bae, K.T.; Pilgram, T.K.; Suh, J.; Bradley, D. Coronary Artery Calcium Measurement with Multi–Detector Row
CT: In Vitro Assessment of Effect of Radiation Dose1. Radiology 2002, 225, 901–906.

30. Yoon, H.C.; Greaser, L.E.; Mather, R.; Sinha, S.; McNitt-Gray, M.F.; Goldin, J.G. Coronary Artery Calcium: Alternate
Methods for Accurate and Reproducible Quantitation. Acad. Radiol. 1997, 4, 666–673.

31. Budoff, M.J.; Nasir, K.; Katz, R.; Takasu, J.; Carr, J.J.; Wong, N.D.; Allison, M.; Lima, J.A.C.; Detrano, R.; Blumenthal,
R.S.; et al. Thoracic aortic calcification and coronary heart disease events: The multi-ethnic study of atherosclerosis
(MESA). Atherosclerosis 2011, 215, 196–202.

32. Koos, R.; Mahnken, A.H.; Sinha, A.M.; Wildberger, J.E.; Hoffmann, R.; Kühl, H.P. Aortic Valve Calcification as a Marker
for Aortic Stenosis Severity: Assessment on 16-MDCT. Am. J. Roentgenol. 2012, 183, 1813–1818.

33. Buijs, R.V.C.; Leemans, E.L.; Greuter, M.; Tielliu, I.F.J.; Zeebregts, C.J.; Willems, T.P. Quantification of abdominal aortic
calcification: Inherent measurement errors in current computed tomography imaging. PLoS ONE 2018, 13, e0193419.

34. O’Connor, S.D.; Graffy, P.M.; Zea, R.; Pickhardt, P.J. Does nonenhanced CT-based quantification of abdominal aortic
calcification outperform the framingham risk score in predicting cardiovascular events in asymptomatic adults?
Radiology 2019, 290, 108–115.

35. Peng, A.W.; Mirbolouk, M.; Orimoloye, O.A.; Osei, A.D.; Dardari, Z.; Dzaye, O.; Budoff, M.J.; Shaw, L.; Miedema, M.D.;
Rumberger, J.; et al. Long-Term All-Cause and Cause-Specific Mortality in Asymptomatic Patients With CAC ≥1000:
Results From the CAC Consortium. JACC Cardiovasc. Imaging 2020, 13, 83–93.

36. Budoff, M.J.; Shaw, L.J.; Liu, S.T.; Weinstein, S.R.; Mosler, T.P.; Tseng, P.H.; Flores, F.R.; Callister, T.Q.; Raggi, P.;
Berman, D.S. Long-Term Prognosis Associated With Coronary Calcification: Observations From a Registry of 25,253
Patients. J. Am. Coll. Cardiol. 2007, 49, 1860–1870.

37. Stompór, T. Coronary artery calcification in chronic kidney disease: An update. World J. Cardiol. 2014, 6, 115.

38. Chen, J.; Budoff, M.J.; Reilly, M.P.; Yang, W.; Rosas, S.E.; Rahman, M.; Zhang, X.; Roy, J.A.; Lustigova, E.; Nessel, L.;
et al. Coronary Artery Calcification and Risk of Cardiovascular Disease and Death Among Patients With Chronic Kidney
Disease. JAMA Cardiol. 2017, 2, 635–643.

39. Ho, C.Y.; Shanahan, C.M. Medial Arterial Calcification: An Overlooked Player in Peripheral Arterial Disease.
Arterioscler. Thromb. Vasc. Biol. 2016, 36, 1475–1482.

40. Irkle, A.; Vesey, A.T.; Lewis, D.Y.; Skepper, J.N.; Bird, J.L.E.; Dweck, M.R.; Joshi, F.R.; Gallagher, F.A.; Warburton, E.A.;
Bennett, M.R.; et al. Identifying active vascular microcalcification by 18F-sodium fluoride positron emission tomography.
Nat. Commun. 2015, 6, 1–11.



41. Kaiser, Y.; Verberne, H.J. Arterial 18 F-NaF-uptake as a marker for vascular calcification activity. Can a little salt cut the
sweet: A golden bullet to evaluate vascular mineralization? J. Nucl. Cardiol. 2021, 29, 1867–1869.

Retrieved from https://encyclopedia.pub/entry/history/show/88828


