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ANA BAŞLIKLAR

KEMİK MİNERAL HASTALIĞININ TANIMI
VASKÜLER KALSİFİKASYON
FOSFOR TEDAVİSİ VE BÖBREK HASTALIĞI
SOL VENTRİKÜL HİPERTROFİSİ VE KARDİYOVASKÜLER HASTALIK
GÜNLÜK HEMODİYALİZ
GECE HEMODİYALİZİ

MİNERAL KEMİK HASTALIĞININ TANIMI

Mineral Kemik hastalığı (MKH); kemik morfolojisi değişimi ve vasküler kal-
sifikasyonun yanı sıra, kemik aktivitesini gösteren laboratuvar verilerinde bo-
zulmayı da içeren bir sendrom olarak tanımlanır. Eskiden kullanılan “renal os-
teodistrofi” terimi ise, özellikle kronik böbrek hastalığı (KBH) olan hastalarda 
kemik biyopsisi ile saptanan patolojik değişiklikleri ifade eder; ancak, kemik 
biyopsinin uygulandığı klinik durumlar çok sınırlı olup, günümüzde esas ola-
rak klinik araştırmalarda kullanılır. MKH’nin görülme sıklığı, KBH, son dö-
nem böbrek hastalığına (SDBH) ilerledikçe artar; bununla birlikte, hastada 
diyaliz gereksinimi olana kadar, hastalık belirgin klinik bulgu vermeyebilir.
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Şekil 10-4. FHN Çalışması: Konvansiyonele karşın kısa günlük (üst) ve nokturnal (alt) 
hemodiyaliz kolları: prediyaliz serum fosfor seviyeleri. 

 KAYNAKLAR
1. Qunibi W. Overview of chronic kidney disease-mineral and bone disorder. UpToDate. 

February 2019.
2. McCullough PA, Sandberg KR, Dumler F, et al. Determinants of coronary vascular calcifi-

cation in patients with CKD and ESRD: a systematic review. J Nephrol. 2004;17:205-215.
3. Opdebeeck B, Maudsley S, Azmi A, et al. Indoxyl sulfate and p-cresyl sulfate promote vas-

cular calcification and associate with glucose intolerance. J Am Soc Nephrol. 2019;30:751-
766.

4. Moe S, Chen N. Mechanisms of vascular calcification in chronic kidney disease. J Am Soc 
Nephrol. 2008;19:213-216.

5. Shroff R, Long DA, Shanahan C. Mechanistic insights into vascular calcification in CKD. 
J Am Soc Nephrol. 2013;24:179-189.

6. Chan C, Lovren F, Pan Y, et al. Nocturnal hemodialysis is associated with improved vas-
cular smooth muscle cell biology. Nephrol Dial Transplant. 2009;24:3867-3871.

7. Yuen D, Kuliszewski M, Liao C, et al. Nocturnal hemodialysis is associated with restora-
tion of early-outgrowth endothelial progenitor-like cell function. Clin J Am Soc Nephrol. 
2011;6:1345-1353.

8. Gutzwiller JP, Schneditz D, Huber AR, et al. Estimating phosphorus removal in haemodi-
alysis: an additional tool to quantify dialysis dose. Nephrol Dial Transplant. 2002;17:1032-
1044.

9. Sherman R, Ravella S, Kapoian T, et al. A dearth of data: the problem of phosphorus in 
prescription medications. Kidney Int. 2015;87:1097-1099.

10. Block G, Rosenbaum DP, Yan A, Chertow GM. Efficacy and safety of Tenapanor in pa-



166 EV HEMODİYALİZİ

tients with hyperphosphatemia receiving maintenance hemodialysis: a randomized phase 
3 trial. J Am Soc Nephrol. 2019;30(4):641-652.

11. Kuhlmann MK. Management of hyperphosphatemia. Hemodial Int. 2006; 10(4):338-345.
12. Ketteler M, Wuthrich RP, Floege J. Management of hyperphosphatemia in chronic kidney 

disease—challenges and solutions. Clin Kidney J. 2013;6(2):128-136.
13. Perl J, Chan C. Home hemodialysis: daily hemodialysis and nocturnal hemodialysis: Core 

Curriculum 2009. Am J Kidney Dis. 2009;54(6):1171-1184.
14. Ayus JC, Mizani MR, Achinger SC, et al. Effects of short daily versus conventional he-

modialysis on left ventricular hypertrophy and inflammatory markers: a prospective, con-
trolled study. J Am Soc Nephrol. 2005;16:2778-2788.

15. Walsh M, Culleton B, Tonelli M, et al. A systematic review of the effect of nocturnal hemo-
dialysis on blood pressure, left ventricular hypertrophy, anemia, mineral metabolism, and 
health-related quality of life. Kidney Int. 2005;67:1500-1508.

16. Gutierrez OM, Mannstadt M, Isakova T, et al. Fibroblast growth factor 23 and mortality 
among patients undergoing hemodialysis. N Engl J Med. 2008;359:584-592.

17. Grabner A, Amarel AP, Schramm K, et al. Activation of cardiac fibroblast growth factor 
receptor 4 causes left ventricular hypertrophy. Cell Metab. 2015;22(6):1020-1032.

18. McCullough PA, Chan C, Weinhandl ED, et al. Intensive hemodialysis, left ventricular 
hypertrophy, and cardiovascular disease. Am J Kidney Dis. 2016;68 (5 suppl 1):S5-S14.

19. Vervloet MG. Chronic kidney disease mineral and bone disorder: changing insights form 
changing parameters? Nephrol Dial Transplant. 2020;35(3):385-389.

20. Ayus JC, Achinger SG. Left ventricular hypertrophy: is hyperphosphatemia among dialy-
sis patients a risk factor? J Am Soc Nephrol. 2006;17:S255-S261.

21. Cherukuri S, Bajo M, Colussi G, et al. Home hemodialysis treatment and outcomes: retro-
spective analysis of the Knowledge to Improve Home Dialysis Network in Europe (KIHD-
NEy) Cohort. BMC Nephrol. 2018;19(1):262.

22. Pun PH, Horton JR, Middleton JP. Dialysate calcium concentration and the risk of sudden 
cardiac arrest in hemodialysis patients. Clin J Am Soc Nephrol. 2013;8(5):797-803.

23. Makar M, Pun PH. Sudden cardiac death among hemodialysis patients. Am J Kidney Dis. 
2017;69(5):684-695.

24. Kim ED, Parekh RS. Calcium and sudden death in ESRD. Semin Dial. 2015;28(6):624-
635.

25. United States Renal Data System. 2015 USRDS Annual Data Report: Epidemiology of 
kidney disease in the United States. National Institutes of Health, National Institute of 
Diabetes and Digestive and Kidney Diseases, Bethesda, MD, 2015.

26. Lindsay RM, Alhejaili F, Nesrallah G, et al. Calcium and phosphate balance with quotidian 
hemodialysis. Am J Kidney Dis. 2003;42(1 suppl):24-29.

27. Daugirdas J, Chertow GM, Larive B, et al. Effects of frequent hemodialysis on measures 
of CKD mineral and bone disorder. J Am Soc Nephrol. 2012;23(4):727-738.

28. Slon M, Ficheux M, Fessi H, et al. Mineral and bone disease parameters on home hemodi-
alysis with the NxStage System One. Nephrol Dial Transplant. 2017;32(3):iii 689.

29. OK E, Duman S, Asci G, et al. Comparison of 4- and 8-hour dialysis sessions in thrice-week-
ly in-centre haemodialysis. Nephrol Dial Transplant. 2011;26:1287-1296.

30. Zhan Z, Smyth B, Toussaint N, et al Effect of extended hours dialysis on markers of chron-
ic kidney disease-mineral and bone disorder in the ACTIVE dialysis study. BMC Nephrol. 
2019;20:258.

31. Ayus JC, Achinger SC, Mizani MR, et al. Phosphorus balance and mineral metabolism 
with 3-hour daily hemodialysis. Kidney Int. 2007;71:336-342.

32. Kjellstrand C, Ing TS, Kjellstrand PT, et al. Phosphorus dynamics during hemodialysis. 
Hemodial Int. 2011;15(2):226-233.

33. Mucsi I, Hercz G, Uldall R, et al. Control of serum phosphate without any phosphate bin-



167Ev Hemodiyalizinde Mineral Kemik HastalığıBÖLÜM 10

ders in patients treated with nocturnal hemodialysis. Kidney Int. 1998;53:1399-1404.
34. Al-Hejaili F, Kortas C, Leitch R, et al. Nocturnal but not short hours quotidian hemodialy-

sis requires an elevated dialysate calcium concentration. J Am Soc Nephrol. 2003;14:2322-
2328.

35. Bugeja A, Dacouris N, Thomas A, et al. In-center nocturnal hemodialysis: another option 
in the management of chronic kidney disease. Clin J Am Soc Nephrol. 2009;4:778-783.

36. Lockridge R, Cornelis T, Van Eps C. Prescriptions for home hemodialysis. Hemodial Int. 
2015;19:S112-S127.

37. Toussaint N, Boddington J, Simmonds R, et al. Calcium phosphate metabolism and bone 
mineral density with nocturnal hemodialysis. Hemodial Int. 2006;10:280-286.

38. Kim SJ, Goldstein M, Szabo T, et al. Resolution of soft tissue calcification and impro-
vement of bone density on nocturnal hemodialysis: a case report. Am J Kidney Dis. 
2003;41(3):E12.

39. Toussaint N, Polkinghorne KR, Kerr PG, et al. Comparison between different dialysate 
calcium concentrations in nocturnal hemodialysis. Hemodial Int. 2007;11:217-224.

40. VanEps CL, Jeffries JK, Anderson JA, et al. Mineral metabolism, bone histomorphometry 
and vascular calcification in alternate night nocturnal haemodialysis. Nephrology (Carl-
ton). 2007;12(3):224-233.

41. Yuen D, Pierratos A, Richardson RMA, et al. The natural history of coronary calcificati-
on progression in a cohort of nocturnal haemodialysis patients. Nephrol Dial Transplant. 
2006;21(5):1407-1412.

42. Copland M, Komenda P, Weinhandl E, et al. Intensive hemodialysis, mineral and bone 
disorder, and phosphate binder use. Am J Kidney Dis. 2016;68 (5 suppl 1):S24-S32.

43. Nesrallah G, Mustafa RA, MacRae J, et al. Canadian Society of Nephrology guidelines for 
the management of patients with ESRD treated with intensive hemodialysis. Am J Kidney 
Dis. 2013;62(1):187-198.


