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I n  o rde r  t o  min imize t e c h n i c a l  problems i n  pe r fo rm ing  analyses i n  p r a c t i c a l  

c l i n i c a l  chemist ry  we have developed a system o f  d i sposab le  m ic rocuve t tes .  

The o r i g i n  o f  t h e  i d e a  goes back t o  1975-1977 when two l a b o r a t o r y  engineers 

i n  K r i s t a n s t a d ,  Sven-Erik N i l s s o n  and Jan L i l j a ,  wanted t o  improve t h e  

p r e c i s i o n  o f  b lood  hemoglobin d e t e r m i n a t i o n  i n  p r imary  h e a l t h  care.  

A t  t h a t  t i m e  t h e  i n s t r u m e n t a t i o n  was based on s imp le  analogue photometers o f  

v a r y i n g  age and manu fac tu r ing  brands u s i n g  d i f f e r e n t  equipment for dispen- 

s i n g  reagents and b l o o d  samples. S ince s e v e r a l  years t h e  c e n t r a l  h o s p i t a l  

l a b o r a t o r y  had a q u a l i t y  c o n t r o l  and s e r v i c e  system f o r  p r imary  h e a l t h  c a r e  

i n  t h e  whole county. Many hours  were l a i d  down on t e c h n i c a l  e r r o r s .  O f  

course these were necessary t o  c o r r e c t ,  b u t  t he  problems themselves o f t e n  

seemed unnecessary and t r i v i a l .  

Most e r r o r s  were r e l a t e d  t o  sample handl ing,  i . e .  measuring and d i l u t i o n .  

The reagent  c o u l d  be i n a c t i v e  or handled i n  the  wrong way or t h e  volume o f  

reagent  i n c o r r e c t l y  dispensed. Most f a u l t s  i n  t h e  photometers were due t o  

i n c o r r e c t  ad justment ,  because t h e  r e g u l a t i o n  knobs had been touched acciden- 

t a l l y .  As t h e r e  were few e l e c t r o n i c  components a t  t h a t  t ime, these e r r o r s  

were r a r e ,  u s u a l l y  o n l y  a bad lamp. However, t h e  i ns t rumen ts  c o u l d  be ve ry  

s e n s i t i v e  t o  i n t e r f e r e n c e  due t o  s t a t i c  e l e c t r i c i t y  or v a r y i n g  n e t  vo l tage .  

The b a s i c  demands f o r  an i n n o v a t i v e  system were r a t h e r  c l e a r :  

-- no d i l u t i o n s  or  volume measurements 

-- good s t a b i l i t y  

-- no d a i l y  adjustment and c a l i b r a t i o n  o f  t h e  measuring i ns t rumen t  

-- s imp le  h a n d l i n g  

A f i l m  technique f o r  hemoglobin d e t e r m i n a t i o n  proved t o  i m p l i c a t e  t e c h n i c a l  

problems. Even though comp l i ca ted  a l g o r i t h m s  may be handled by microproces- 
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sors, Lamberth-Beer's l aw  i s  much s imp le r  t o  handle f o r  measuring purposes. 

I n s t e a d  we launched another  idea,  a d i sposab le  p l a s t i c  c u v e t t e  f o r  phot,o- 

metry  absorbance w i th  " b u i l t - i n "  reagents and a p o s s i b i l i t y  f o r  sampling o f  

b l o o d  d i r e c t l y  i n t o  t h e  measuring cuve t te .  The o l d  S icca  technique f o r  

hemoglobin d e t e r m i n a t i o n  may be recogn izab le  i n  t h e  new system, b u t  t h e  

drawbacks a re  avoided ( d i f f i c u l t  and non-adjustable c a l i b r a t i o n ,  non- 

d i sposab le  equipment, r i s k  o f  v i r u s  t ransmiss ion ) .  

I n  t h e  beg inn ing  a l l  manufacturers  i n  t h e  p l a s t i c  i n d u s t r y  gave us the  same 

concordant r e p l y  t h a t  i t  would be imposs ib le  t o  produce m ic rocuve t tes  wi th  

our demands on h i g h  accuracy and r e p r o d u c i b i l i t y .  We even met humorous 

comments when ask ing  f o r  a p r o d u c t i o n  o f  s e v e r a l  m i l l i o n  u n i t s  pe r  year .  

They exp la ined  t o  us t h a t  t h e  measuring c a v i t y  i n  the  hemoglobin c u v e t t e  i s  

formed by a me ta l  tongue, which i s  t h i c k  as a stamp - w i t h  g lue .  The 

mould ing p l a s t i c  has t h e  same v i s c o s i t y  and consis tancy as c o l d  syrup. I t  

w i l l  h i t  t h e  me ta l  tounge as i f  l i t e r a l l y  sho t  ou t  o f  a p i s t o l .  Furthermore, 

t h e  mould w i l l  s e t  around the  nuc leus under a pressure o f  s e v e r a l  tons.  The 

nuc leus must then  be p u l l e d  o u t  o f  t h e  completed cuve t te .  With t h e  h e l p  o f  a 

g r a n t  from The S o c i e t y  f o r  Technica l  Development i n  Sweden, we c o u l d  g e t  

s t a r t e d  and see f o r  ou rse l ves  t h a t  i t  was d i f f i c u l t  - b u t  maybe n o t  

imposs ib le .  S ince then  we have t e s t e d  a number o f  c u v e t t e  des igns.  Obvious ly  

t h e  cho ice  o f  des ign and m a t e r i a l  i s  c r i t i c a l .  

D isposable m ic rocuve t tes .  Type I (s tandard )  wi th  one and t y p e  I1 w i t h  two 
measuring c a v i t i e s  
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For s i n g l e  analyses (e.9. hemoglobin) we ma in l y  use c u v e t t e s  o f  t y p e  I. I f  a 

re fe rence  i s  needed or if one can combine two analyses i n  a n a t u r a l  way, we 

use c u v e t t e  t ype  11. I t  i s  a l s o  p o s s i b l e  t o  make s p e c i a l  des igns f o r  very  

sma l l  sample volumes or f o r  i n t r o d u c t i o n  o f  a s p e c i a l  substance i n  t h e  

c a v i t i e s .  Th is  w i l l  de lay t h e  f l u i d  access through t h e  i n l e t ,  which w i l l  

make p o s s i b l e  a two s tep  a d d i t i o n  o f  reagents. 

The c u v e t t e s  a re  pressure moulded i n  po lys ty rene ,  e i t h e r  i n  one p a r t  or i n  

two p a r t s  j o i n e d  toge the r  wi th  u l t r a s o n i c  welding. Other t ypes  o f  p l a s t i c  

may be used, b u t  p r i c e  and p r o p e r t i e s  a re  favourab le  f o r  po l ys ty rene .  I n  

genera l  p l a s t i c  c u v e t t e s  moulded i n  one p a r t  have a somewhat b e t t e r  

exactness f o r  s m a l l  depths, b u t  may cause t r o u b l e  d u r i n g  reagent  f i l l i n g .  

Our m i n i m u m  c u v e t t e  depth i s  0.20 mm f o r  welded c u v e t t e s  and 0.13 mm i n  a 

one-piece mould ( e . g .  t h e  hemoglobin c u v e t t e ) .  The t h i c k n e s s  t o l e r a n c e  i s  2 
0.001 mm. A l l  f o u r  su r faces  i n  t h e  o p t i c  eye must be smooth. Complicated 

c u v e t t e s  cannot be moulded i n  one p i e c e  as the re  must be a nuc leus d u r i n g  

moulding, which should then  be p u l l e d  ou t  o f  t h e  c a v i t y .  

A l ready t h e  p l a s t i c  raw m a t e r i a l ,  i.e. t h e  p l a s t i c  c u v e t t e  w i t h o u t  reagent ,  

i s  q u a l i t y  c o n t r o l  t e s t e d  f o r  f u n c t i o n ,  depth and o t h e r  measurements. Every 

i n d i v i d u a l  c u v e t t e  i s  measured i n  t h e  p r o d u c t i o n  l i n e  w i th  the  h e l p  o f  an 

i n t e r n a l  s tandard ( i . e .  a co lou red  f l u i d ) ,  which does n o t  i n t e r f e r e  w i th  t h e  

f i n a l  measurement. 

Fo r  q u a l i t y  assessment, i m p r e c i s i o n  and inaccuracy a r e  eva lua ted  toge the r .  

The l i m i t s  f o r  acceptance f o r  hemoglobin cuve t tes  are - 1.5 pe r  c e n t  f o r  

inaccuracy and 1.5 pe r  cen t  f o r  c o e f f i c i e n t  o f  v a r i a t i o n .  O f  course, these 

extremes cannot be accepted toge the r .  A h i g h  C V  can o n l y  be accepted i f  

inaccuracy i s  acco rd ing l y  low. More than  95 per  cen t  o f  t h e  c u v e t t e s  a r e  

b e t t e r  than 2.5 p e r  cen t  d e v i a t i o n  f rom t h e  re fe rence  level.  

+ 

The r e f e r e n c e  method f o r  b lood  hemoglobin de te rm ina t ion  i s  t h e  methemoglobin 

cyanide method, tho rough ly  i n v e s t i g a t e d  by van Kampen and Z i j l s t r a  ( 1 ) .  A 

s i m i l a r  az ide  technique was s u i t a b l e  f o r  t h e  rn icrocuvet te  system ( 2 ) .  Th i s  

method i s  a chemical  analogue o f  t h e  cyanide method, as b o t h  an ions c o n t a i n  

n i t r o g e n ,  which w i l l  b i n d  t o  a s t a b l e  iron'"-complex i n  hemoglobin. For 

o x i d i z i n g  hemoglobin t o  methemoglobin we exchanged f e r r i c y a n i d e  a g a i n s t  

n i t r i t e ,  which i n i t i a t e s  an a u t o - o x i d a t i o n  o f  hemoglobin. N i t r i t e  can 

p e n e t r a t e  t h e  r e d  c e l l  membrane, s t a r t i n g  methemoglobin fo rma t ion  a l ready  

b e f o r e  hemolys is  o f  t h e  r e d  c e l l  membrane occurs. The a f f i n i t y  o f  hemoglobin 

i s  somewhat lower f o r  az ide  than  for cyanide, b u t  t h e  r e a c t i o n  t ime  may be 
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brought  down t o  30 - 45 seconds and t h e  f i n a l  r e s u l t  d i s p l a y e d  wi th in  

60 seconds. 

Speed o f  reagent  d i s s o l u t i o n  i s  very  impor tan t  f o r  k i n e t i c  de te rm ina t ions  

and a l s o  f o r  endpoint  de te rm ina t ions  i n  order t o  avo id  l o n g  r e a c t i o n  t imes.  

I f  t h e  reagent i t s e l f  i s  n o t  h i g h l y  s o l u b l e ,  a more s o l u b l e  substance may be 

admixed i n  o rde r  t o  d i s r u p t  t h e  reagent  l a y e r .  

A l l  problems cannot be so l ved  by changing c u v e t t e  c o n s t r u c t i o n  or reagent  

composi t ion.  Therefore t h e  photometer forms an impor tan t  p a r t  o f  t h e  t o t a l  

system. I t  shou ld  be s imp le  t o  handle and i n c l u d e  automat ic  b lank ing .  

Furthermore, i t  may be equipped w i th  a t u r b i d i t y  compensation. Th is  is 

c a r r i e d  ou t  wi th  t h e  h e l p  o f  a two-wavelength a lgo r i t hm,  where t h e  re fe rence  

wavelength must be o u t s i d e  t h e  c o l o u r  range o f  t h e  f i n a l  r e a c t i o n  p roduc t .  

The hemoglobin photometer has such a f u n c t i o n  wi th a r e f e r e n c e  wavelength o f  

880 nm. Not o n l y  sc ra tches  and dus t  p a r t i c l e s  i n  t h e  c u v e t t e  w i l l  be 

compensated f o r ,  b u t  a l s o  t u r b i d i t y  o r i g i n a t i n g  i n  t h e  sample t o  be tes ted ,  

e.g. hyper l i pemic  b lood  or serum. 
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