
C H A P T E R  II

REVIEW OF THE RELATED LITERATURES

B efore  th e  stu d y  b egan  1 all th e  related  literatures w e r e  r e v ie w e d  to  form  

th e  th eoretica l fram ew ork  of th e  stud y. The literatures w e r e  r e v ie w e d  in top ics.:

1) Renal o s teo d y stro p h y  in chronic renal failure

2) H yperparathyroidism  in chronic renal failure

3) Vitam in อ  and hyperparathyroid b on e d is e a s e

4) Prophylaxis trea tm en t of vitam in อ  in chronic d ia lysis

Renal osteodystrophy in chronic renal failure

Renal o s teo d y stro p h y  is th e  m ajor prob lem  in chronic renal failure p a tien ts  

w ith  long term  d ia lysis. There are th ree  ty p e s  o f o s te o d y str o p h y  ( A n d ress , and  

Sherrard, 1993).

This ty p e  is m ed ia ted  by a s te a d y  s ta te  of high le v e ls  of parathyroid  

h orm on e (PTH). 'The d is e a s e  will p ro g ress  from  m ild d is e a s e  to  s e v e r e  form  called  

o s te it is  fibrosa. The typical x-ray fe a tu r e s  are su b p er io stea l resorp tion  and  

o s te o s c le r o s is  but so ft  t is s u e  ca lcification  can  b e  s e e n  . T he ea r liest b on e  

h isto log ic  c h a n g e  is th e  in creasin g  of th e  unm ineralized  o s te o id  .เท addition 1b o n e  

form ation rate is e ith er  norm al or in creased  . If seru m  le v e ls  of PTH co n tin u e  to
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in crease  1 th e  m ore  s e v e r e  form  : "osteitis fibrosa" will b e  o b serv ed . O s te o c la s t  

will in cre a se  in s iz e  and nu m ber and en d o ste a l fib rosis  will b e c o m e  prom in ent 

( A n d ress, and Sherrard, 1 9 9 3  ).

b l.L ow  tu rn o v er b on e d ise a s e  (O steom alacia  and ap lastic  b o n e  )

This ty p e  is correlated  w ith  a lum inum  accu m u lation  (alum inum -related  

osteo m ala c ia ) 1iron accu m u lation  1 lo w  p h o sp h a te  le v e ls  and vitam in อ  d e fic ien cy . 

S eru m  parathyroid le v e ls  are lo w  . The typical x-ray fe a tu res  are p seu d o fra ctu re  but 

o s te o p e n ia  or t is s u e  ca lcification  m ay b e  s e e n  . S u b p erio stea l resorp tion  1 th e  

p ath ogn om on ic  sign  of hyperparathyroid b o n e  d is e a s e  m ay b e  freq u en tly  s e e n  in 

p a tien ts  w ith  o s teo m a la c ia . B on e h isto log y  of o s teo m a la c ia  is ch aracterized  by an 

increasing  of o s te o id  . เท ap lastic  b on e d is e a s e  ,th ere  is an additional e v id e n c e  of 

d e c r e a se  b on e form ation d e term in ed  by tetracyc lin e  up take ( C obum , and  

Slatopolsky , 1991 ).

To ex c lu d e  alum inum  toxicity , random  seru m  alum inum  will b e  eva lu a ted . 

S eru m  v a lu es  b e lo w  50  ug per liter e sse n tia lly  ex c lu d e  alum inum  tox ic ity  w h ile  

v a lu es  a b o v e  3 0 0  ug per liter confirm  th e  d ia g n o sis . เท c a s e s  o f seru m  v a lu e s  

b e tw e e n  5 0  and 3 0 0  ug per liter th e  d efero x a m in e  ch a llen g e  t e s t  will b e  d o n e . 

The le v e ls  m ore than 3 5 0  ug per liter con firm s th e  p r e s e n c e  o f b io logically  

sign ifican t alum inum  accu m ulation  ( A n d ress, and Sherrard, 1993).
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c ) . M ixed o steo d y stro p h y

The h isto log y  in th is  ty p e  s h o w s  increasing  in both  fib rosis  and  

o s te o id  b o n e a s  in high and lo w  turnover b on e d is e a s e . S eru m  parathyroid le v e ls  

are high in th is  ty p e  ( Coburn, and S latop o lsk y , 1991 ).

เท chronic renal failure, seco n d a ry  hyperparathyroid ism  w a s  rep orted  a s  th e  

m o st c o m m o n  c a u s e  o f renal o s teo d y stro p h y  (Sherrard e t  al 1 1974; Sm ith  e t  al.,

1986). The les io n  b e g in s  in a mild form  and p r o g r e ss e s  to  typical o s te it is  fibrosa  

(hyperparathyroid b o n e d ise a se )  and is m ed ia ted  by a s te a d y  rising in seru m  

parathyroid h orm on e (secon d ary  hyperparathyroidism ).

CAUSE OF HYPERPARATHYROIDISM IN CHRONIC RENAL FAILURE

The g e n e s is  of hyperparathyroid ism  in renal failure is c o m p le x  and in v o lv es  

severa l m e c h a n ism s  . The first m e c h a n ism  is h yp oca lcem ia  1 a m ajor factor  

leading to  seco n d a ry  hyperparathyroid ism  in en d -s ta te  renal d is e a s e . H yp oca lcem ia  

can arise from  :

1 (.m arked h yp erp h osp h atem ia  . W h en  renal d is e a s e  a d v a n c e s  and 

glom erular filtration rate (GFR) falls b e lo w  2 5  m l/m in h y p e r p h o sp h a te m ia  is 

c o m m o n  ( G oldm an, and B a sse tt , 1954). U nder su ch  c ircu m sta n ce  h y p o ca lcem ia  is  

directly related to  th e  le v e ls  of seru m  p h o sp h a te .

2). im paired intestina l ca lcium  absorp tion  du e to  calcitriol d e fic ien cy

( Holick, 1987).
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3). sk e leta l r e s is ta n c e  to  th e  ca lc é m ie  action  of PTH on  b o n e  ( M assary  e t  

al., 1973).

The s e c o n d  c a u s e  of hyperparathyroid ism  is a ltered  sen sitiv ity  o f th e  

parathyroid cell to  extracellu lar ca lcium  con cen tration , w ith  a sh ift in th e  "set point" 

s o  th e  higher ca lcium  le v e ls  are n e e d e d  to  red u ce PTH se c r e t io n  ( B row n e t  al., 

1982). The third m e c h a n ism  is p resen tin g  of calcitriol rec ep to rs  that su p p r e ss  th e  

secre tio n  of h orm on e. Inappropriately lo w  le v e ls  of calcitriol m ay  b e  r esp o n sib le  

for con tin u e

PTH s y n th e s is  and se c r e t io n  d e sp ite  norm al ca lcium  le v e ls  . This 

m ech a n ism  can c a u s e  increasing  PTH secre tio n  in th e  a b s e n c e  o f true  

h yp oca lcem ia . D ecreasin g  of calcitriol in chronic renal failure is o n e  o f th e  

im portant c a u s e  of hyperparathyroid ism  ( D e lm ez , 1 9 8 9  : Dunlay, 1 9 8 9  ).

Calcitriol and oth er a ctiv e  fo rm s of vitam in D can in cre a se  ab sorp tion  of 

calcium  from  Gl tract and in crease  tubular absorption  o f ca lcium  in th e  k id neys, 

th e s e  com b in ed  a ctio n s  lead to  increasing  level of seru m  calcium .

เท adults w ith  chronic renal in su ffic ien cy  (GFR b e lo w  4 0 -5 0  m l/m in) th e  

blood le v e ls  of calcitriol will b e  low er  than control ( C hristiansen  e t  al„ 1981). 

Inadequate production of calcitriol r ed u ce s  in testinal absorp tion  o f ca lc iu m . This will 

contrib ute to  th e  reduction  of ion ized  ca lcium  in th e  blood th ereb y  stim u latin g  th e  

secre tio n  of PTH and leading to  seco n d a ry  hyperparathyroid ism  ( S la top o lsk y  e t  al., 

1 9 90  ).
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VITAMIN D AND HYPERPARATHYROID BONE DISEASE

Vitam in D st im u la te s  th e  intestinal transport o f ca lcium  and p h o sp h a te  and  

h a s s o m e  direct e f fe c t  on b o n e that m ak e th e  co lla g en  m atrix su sc e p tib le  to  

norm al calcification  . Vitamin D d e fic ien cy  in hum an can c a u s e  o s te o m a la c ia  1 th e  

b o n e d is e a s e  w h ich  it's m ineralization is d e layed  leading to  th e  fracture of b o n e  

( Krane, and Holick, 1994).

Fig 1. Schemetic illustration on the bioactivation of Vitamin อ

( C o b u r n  , 1 9 9 1  )
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H um an can r ec e iv e  vitam in อ  eith er  from  th e  d iet or through ultraviolet 

irradiation of th e  com p o u n d  of provitam in D in th e  skin. Figure 1. s h o w s  th e  

sc h e m a tic  illustration o f th e  bioactivation of vitam in อ  that m ay arise  from  th e  d iet 

or th e  skin.

Vitam in D 3, 25-(OH) D3 and 1 ,25  (O H )2D 3 are e a ch  tran sp orted  in p lasm a  

by binding to  th e  s a m e  vitam in D-binding protein. 1 ,25  (O H )2D 3 ( 1 ,25  dihydroxy  

ch oleca lc ifero l or calcitriol ) is  th e  m o st  p o ten t form  of a ctiv e  v itam in อ .

S in ce  calcitriol is prod uced in th e  kidney 1 th e  blood le v e ls  of calcitriol will 

b e low er  than norm al in chronic renal in su ffic ien cy . Inadequate le v e ls  of calcitriol 

will red u ce  intestinal absorption  of ca lcium  and lead to  red u ce  le v e ls  o f blood  

ion ized  ca lcium  . This will stim u la te  th e  secre tio n  of PTH that c a u s e  seco n d a ry  

hyperparathyroidism .

Parathyroid c e lls  w e r e  found to  have recep to rs for calcitriol ( Korkor, 1987). 

Calcitriol s u p p r e s s e s  th e  parathyroid cell through severa l d ifferen t m ech a n ism : it 

in c r e a se s  ca lcium  sen sitiv ity  ( D e lm ez  e t  al., 1 9 8 9  ) : it r e d u c e s  m R N A  for 

pre-pro-PTH by reducing transcription ( Silver e t  al., 1 9 86  ) and it inhibits 

parathyroid c e lls  proliferation ( S zab o  e t  al., 1 9 8 9  ).

เท th e  oth er hand, if kidney is th e  s in g le  so u r c e  o f calcitriol p rod u ction ,th e  

su p p lem en ta tio n  o f vitam in อ  in kidney d is e a s e  shou ld  b e  only in th e  form  of 

calcitriol . เท con trast, th e  stu d y  perform ed in d ia lysis p a tien ts , including th o s e  

w h o  w e r e  anephric, w a s  found that th e  le v e ls  of calcitriol w e r e  in creased  after  

th e  adm inistration of ph arm acological d o s e s  of 25-(O H )D 3 (D u sso  e t  al. 1 1988).
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Rudniki e t  al. (1991), reported th e  lack of relationship b e tw e e n  parathyroid h orm on e  

and calcitriol in chronic renal failure. T h e se  e v id e n c e  s h o w e d  that calcitriol can  b e  

prod uced from  extrarenal so u r c e s  .

The role of 24 ,25-(O H 2)D 3 in p a th o g e n e s is  of renal o s te o d y str o p h y  

rem ain s uncertain . It h a s b e en  found that th is stero l can  b e  prod u ced  in th e  

in te stin e  and b o n e  a s  w ell. Data on blood le v e ls  of th is  stero l in urem ic p a tien ts  

indicating lo w  con cen tration  h as b e en  d em on stra ted . S o m e  o b serv a tio n s  s h o w e d  

that 2 4 ,2 5  (O H 2)D 3 w a s  not e ffe c t iv e  in th e  trea tm en t of seco n d a ry  

hyperparathyroid ism  and o s te it is  fibrosa in an im als w ith  exp erim en ta l renal failure  

( Olgard e t  al., 1984). H o w ev er  th e  role of 24 ,25-(O H 2)D 3 in su p p r e ss io n  seru m  

parathyroid le v e ls  in en d  s ta g e  renal failure h as b e e n  reported  ( B en-E zer e t  al., 

1991; V a rg h ese , M oorhead  and Farrington, 1992).

PROPHYLAX IS TREA T M ENT OF V ITAM IN D IN CHRONIC DIALYSIS 

PATIENTS

เท c a s e s  of overt seco n d a ry  hyperparathyroid ism  ( b on e e r o s is , high PTH 

level, in crea se  alkaline p h o sp h a ta se) w ith  a d eq u a te  trea tm en t by vitam in อ  o ften  

lead to  im p rovem en t in both co n tin u o u s am bulatory peritoneal d ia lysis  (CAPD) and  

h em od ia ly s is  p a tien ts  ( A n d ress  e t  al., 1989).

Prophylaxis u s e  of vitam in D (calcitriol) in h e m o d ia ly s is  p a tien ts  w a s  

proved to  e ffe c t iv e ly  su p p r e ss  parathyroid h orm on e ( Berl e t  al., 1978; D e lm e z  e t  

al.,1 9 8 9  ; Gallienti e t  al., 1992  ). เท th e  previou s s tu d ie s  of calcitriol, it w a s  difficult 

to  d e term in e  w h e th e r  PTH le v e ls  w e r e  d e c r e a se d  d u e to  a direct inhibitory e f fe c t  

of calcitriol or a calcitriol-induced increasing  in th e  seru m  calcium . N o w  it w a s  clear
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that th e  su p p r e ss iv e  e f fe c t  of calcitriol w a s  atta ined  by a d irect action  on th e  

parathyroid gland rather than by its ability to  e le v a te  seru m  calcium  le v e ls  ( Q u arles  

et a l.,1988; Dunlay e t  al., 1989; T su k am oto  e t  al. 1 1991).

Prophylaxis u s e  of vitam in D in CAPD p a tien ts  w a s  b e liev ed  to  b e  b en efit  

a s  in h em od ia ly sis  p a tien ts  but in d eed , th ere  are sev era l d if fe r e n c e s  b e tw e e n  

CAPD and h em o d ia ly s is  w h ich  can  e f fe c t  renal o s teo d y stro p h y  . เท co n c lu s io n  th e  

d iffe r e n c e s  b e tw e e n  CAPD and h em o d ia ly s is  w h ich  can  e f fe c t  o s te o d y s tr o p h y  are:

1). increasing  lo s s e s  of seru m  album in and oth er p e p tid e s  in peritoneal 

d ia lysate, com p ared  to  little or no  lo s s  during h e m od ia ly sis . L ow er seru m  album in  

le v e ls  in CAPD p a tien ts  lead to  le s s  binding of ca lcium  in seru m  . T he ion ized  

calcium  is th u s higher and PTH le v e ls  o ften  low er (Salusky e t  a l.,1987 ).

2) The n e t rem oval of p h o sp h a te  m ay b e  slightly  higher in CAPD than in 

h em od ia ly sis  (Cannata e t al., 1983).

3) There is flux of PTH and its fra g m en ts  into th e  peritoneal d ia lysa te . The  

peritoneal c learan ce  of C-terminal PTH is correlated  c lo se ly  w ith  inulin c lea ra n ce

( D e lm ez  e t al., 1982).

4) th ere  is th e  lo s s  of th e  vitam in D-binding protein 1 a m icroglobulin  w ith  

m olecu lar w e ig h t of 5 7 0 0 0  d a lton s 1 along w ith  25- hydroxy-vitam in D and calcitriol 

in CAPD ( Guillot e t  al„ 1983).

The bioalailability o f calcitriol w a s  eva lu a ted  after s in g le  oral, 

in traven ous,and  intraperitoneal d o s e s  of 6 0  ng/Kg in CAPD p a tien ts . The seru m  

le v e ls  of calcitriol w e r e  found sim ilar in all ro u tes  at 2 4  hours
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( Sa lusk y e t  a l.,1990 ). This stu d y  s h o w e d  that oral form  of vitam in D sh ou ld  b e  

appropriate to  g iv e  to  th e  p atien ts.

เท CAPD p a tien ts  s o m e  in v estig a to rs have reported  that d ietary restriction  

of p h o sp h a te s  and oral ca lcium  su p p lem en ta tio n  p rov id es g o o d  control o v er  th e  

evo lu tion  of renal o s teo d y stro p h y , s u g g e s t in g  that th e  adm inistration  of vin tam in D 

m eta b o lite s  could b e  avoid ed  ( Coburn, 1 9 80  : D e lm ez , e t  a l.,1 9 86 .: S h u sterm an , 

e t  al., 1985  ). เท con trast, prev iou s s tu d ie s  reported  an in creasin g  o f renal 

o steo d y stro p h y  and seco n d a ry  hyperparathyroid ism  (Atkinson e t  al., 1973; Parfitt 

e t  al., 1976: B uccianti, Bianchi, and Valenti ,1984). เท children 1 trea tm e n t w ith

vitam in D in CAPD c a s e s  w a s  proved to  b e  b en efit in reg re ss io n  of b o n e  d is e a s e  

and increasing  th e  p a tien ts  grow th  rate ( W a tso n  e t  al. 1 9 8 8  ). เท adult 1 B uccianti 

( 1 9 90  ) , u se d  calcifed io l in all c a s e s  of CAPD and found th e  b e n e fit  in renal 

o steo d y stro p h y . Prophylaxis trea tm en t of vitam in D still lacks o f d ou b le  blind 

controlled  trial to  prove th e  b en efit in adult p a tien ts  on CAPD.

Sum m ary

เท ch ap ter II 1 an o v erv ie w  of th e  renal o s teo d y stro p h y  and 

hyperparathyroidism  in chronic renal failure, vitam in D and hyperparathyroid b o n e  

d is e a s e  a s  w ell a s  prophylaxis trea tm en t of vitam in D in chronic d ia lysis  h ave  b e en  

re v ie w e d  and p r esen te d .
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