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The effect of continuous insulin infusion
as compared with conventional insulin therapy
in the evolution of diabetic retinal ischaemia

two years report
The I tal ian Nat ional Research Counci l  (CNR) Study Croup on Diabet ic Ret inopathv

ABSTRACT.  Cont inuous  subcutaneous insu l in  admin is t ra t ion  (CSI I )  i s  known to  p rov ide  a
better glucose control  than convent ional insul in treatment (CIT).  Early anecdotal  reports
claimed that diabet ic ret inopathy could be dramatical ly reversed by CSII  t reatment.  More
prolonged studies were however less enthusiast ic:  only sl ight lv better ret inal  outcome was
òbse.nèd in those diabet ic pat ients in CSII  regimen. The-aim of the present study was to
invest igate the mid-term effects of CSII ,  as conìpared with convent ional t reatment,  on the
evolutùn of the ischaemic ret inal  changes in a-group of diabet ic subjects.  A mult icentre
prospect ive study was designed by the I tal ian CNR and carr ied out by the Universi t ies of Padua,
M i l a n ,  P e r u g i a  a n d  t h e  F i d i a  R e s e a r c h  L a b o r a t o r i e s .  T h i r t v - e i g h t  T y p "  I  i n s u l i n -
dependent diabet ic pat ients were bl indly assigned by paired randomizat ion to CSII  or CIT
after matching for sex. age. durat ion of diabetes and ret inal  status. To assess the evolut ion of
re t inopathy ,  f luoroang iograph ic  changes o f  i schaemic  a reas  were  b l ind ly  eva lua ted  and repor t -
ed as improved, stablà uÀd *o.r" .red."The degree of ischaemia was alsb scored by means of a
quant i tat ive method (Dokumator).  At the basel ine metabol ic parameters were not stat ist ical ly
di f ferent between the two treatment groups. After 24 rrroo CSII  pat ients reached a better
g lycaemic  cont ro l  than those t rea ted  bv  CIT  (da i l y  g lucose pro f i le ,  g lycosv la ted  haemoglob in
were  s ign i f i can t ly  lower  in  the  CSI I  g roup) .  

.Whi le  
qua l i ta t i ve  eva lua t ion  o f  re t ina l  changes

showed a  s l igh t ly  bu t  no t  s ign i f i can t lv  be t te r  ou tcome in  the  CSI I  pa t ien ts ,  quant i ta t i ve
assessment  demonst ra ted  a  s ign i f i can t l r  lower  de ter io ra t io r - r  in  the  CSI I  g roup.  Fur thermore ,
an  ev ident  cor re la t ion  was observed be tween svs to l i c  b lood pressure  and re t ina l  de ter io ra t ion .
In  conc lus ion ,  our  resu l ts  suppor t  the  po in t  o f  i  ie *  tha t .  even though CSI I  does  no t  p revent  the
deve lopment  o f  p ro l i fe ra t i ve  re t inopath l ,  the  de ter io ra t ion  o f  re t ina l  m ic roang iopath l .  e r .en
at  a  re la t i ve ly  advanced s tage such as  ischaemic  re t inopath l ,  cou lc l  be  re ta rded by  s t r i c t
metabol ic control  achieved bv CSII .
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The CNR Study Group on Diabetic Retinopathy

INTRODUCTION
Conventional insulin therapy (CIT) in diabetic
patients fai ls to restore the f inely regulated glucose
homeos tas i s  o f  no rma l  sub jec t s  ( t ) .  On  the  o the r
hand,  the suggest ion that  microvascular  compl ica-
t ions of  d iabet ic  pat ients are in  par t  due to the lack
of  good b lood g lucose (BC) contro l ,  has prompted
the  i n t roduc t i on  o f  home BC mon i to r i ne  and  i n -
t ens i f i ed  i nsu l i n  t r ea tmen t ,  i n  t he  a t i emp t  t o
achieve normoglycaemia.  Open- loop devices,  where
the feed-back contro l  is  e l iminated and cont inuous
subcutaneous insul in  adminis t rat ion (CSII )  is
preprogrammed according to predetermined insul . -
in  requi remenls.  appear to prov ide bet ter  g lucose
con t ro l  t han  usua l  conven t i ona l  t r ea tmen t  (2 ,3 ) .
Ear lv  anecdota l  repor ts  c la imed that  CSII  dramat i -
ca l lv  improved d iabet ic  contro l  as wel l  as d iabet ic
ret inopathy (4,  5)  .  However,  the resul ts  of  more
prolonged studies were less enthusiast ic  showing
on l y  a  s l i gh t l v  be t te r  ou tcome fo r  re t i nopa thy  i n
the CSII  t reated pat ients (6)  or  even worsening of
ret inopathv af ter  shor t - term st r ic t  t ightening of
me tabo l i c  con l ro l  ( 7 ,  B )  W i th  rega rd  t o  t hese
apparent lv  paradoxical  f ind ings,  i t  has been hv-
po thes i zed  tha t  i t  i s  no t  t he  i n tens i f i ed  i nsu l i n
t rea tmen t  i t se l f  bu t  t he  re la t i ve l v  ab rup t  l ower ing
o f  BC wh ich  p lays  a  ma jo r  ro le  i n  wo rsen ing  the
ret inal  s tatus (9)  .  Recent ly ,  more encouraging re-
sul ts  have been repor ted bv long- term studies
which have shown that  two years of  near-normo-
glvcaemia can posi t ive ly  in ier fere wi th the pr<-r -
gression of  d iabet ic  microangiopathy in  the ret ina
a n d  i n  t h e  k i d n e r '  ( 9 ) .
More  recen t  repo r t s  on  l ong - te rm s tud ies  f a i l  t o
demonstrate a stat is t ica l lv  s ieni f icant  benef i t  o f
the improvement  of  g lycaémic"contro l  on the evo-
l u t i on  o f  d i abe t i c  re t i nopa thv  even  though  a  t en -
dencv  to  re ta rded  p rog ress ion  o f  r e t i na l  l es ions
was  obse rved  i n  pa t i en t s  w i t h  i n tens i f i ed  i nsu l i n
reg imens  (10 ) .
The a im of  the present  s tudv was to invest igate by
means  o f  qua l i t a t i ve  and  quan t i t a t i ve  me thods
( l  l )  the ef fects of  CSII  as compared to CIT in  the
ret inal  outcome of  a group of  d iabet ic  subjects
character ized by ret inopathy wi th mi ld to d iscrete
ischaemic areas but  wi thout  any s ign of  preprol i f -
erat ive or  pro l i ferat ive changes.  The rat ionale of
t h i s  s tudv  was  to  eva lua te  whe the r  t he  a t t emp t  t o
acl . r ieve st r ic t  metabol ic  contro l  in  pal ients show-
ing  a  ra the r  advanced  de te r i o ra t i on  o f  t he  re t i na ,
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avoiding at the same t ime too rapid reduct ion of
BC levels,  could play a favourable role in the pro-
gression of ret inal  microangiopathy.

MATERIALS AND METHODS

The cr i ter ia for the select ion of the pat ients in the
three centres part ic ipat ing in the study (Padua,
Milan and Perugia) were as fol lows: l )  C-pept ide
peak fol lowing glucagon challenge 10.2 p,mol / ml
2) serum creat inine (  ÌSO/pmol lml;  3) albumin
excret ion rate (  I  gr/dayl '4) systol ic blood pres-
sure (  160 mmHg; 5) diastol ic blood pressure (95
mmHgi 6) ideal body weight within 90 and 120%
range according to the Metropol i tan Li fe Insu-
rance Co. Tables (Chicago,1959);7) age between
18 and 55 yr;  B).durat ion of diabetes )  5 yr;  9)
background diabet ic ret inopathy with areas of ca-
pi l lary non-perfusion; l0) absence of somatic de-
nervat ion neuropathy; l ì )  absence of symptomat-
ic angina and myocardial  infarct ion; I2) absence
of preproliferative or proliferative retinopathy;
l3) absence of other concomitant ret inal  disease;
l4) absence of previous ret inal  laser treatment.
More than 3,000 patients had been screened and 38
were considered el ieible for the studv (14 in Pa-
dua.  l2  in  Mi lan  und t2  in  Perug ia ) .
Once the subjects were matched for sex, age and
ret inal  status, pairs were created and the compo-
nents were randomly aììocated, one to CSII  t reat-
ment and the other to CIT.
With part icular regard to ret inopathy, al l  the pa-
t ients had mild background diabet ic ret inopathy
with smal l  and not conf luent areas of capi l lary
non-perfusion in at least one of 7 standard f ie lds.
Those pat ients who completed a two-year study
were considered to have concluded the tr ia l .  I f
prol i ferat ive lesions appeared before two years,
laser treatment was carr ied out and this was consid-
ered the endpoint of  the tr ia l .

Retina eualuation
At basel ine and every 6 mo each pat ient underwent
an ophthalmological  exam including; refract ion
with best corrected visual acuity,  anter ior segment
biomicroscopy, registrat ion of intraocular pres-
sure, direct and indirect ophthalmoscopy, colour
retinal photography and fluorescein angiography
ofboth eyes. For the colour fundus photography, a
45o angle ret ina camera with Kodak 64 profession-
al  f i lm was used. Pictures were taken on 7 standard



f ie lds (Fig. l ) .  A 45o angle camera was also used for
the f luorescein angiography. After rapid inject ion
of 5 ml of 20% sodium f luorescein in an anrecubi-
tal  vdin, pictures were taken on the 7 standard
f ields (Fig. l )  includingtheposter iorpole ( f ie ld l ) ,
mid-periphery (fieìd 2" 3 and 4) and periphery
(f ield 5, 6 and 7).  Early phases (arter ial ,  arter io-
venous and venous phases) were taken on f ield l ;
late phases (7 minutes after the inject ion of the
dye) on f ie ld I  and 2. Both eyes wóre separately
submitted to angiography, at a distance of at  least
24 hr and no more than72 hr. The film used for the
angiography (Kodak Tri-X PAN, 400 ASA) was
processed in Kodak D-76 developer (at 20o C for Ì  I
min with cont inuous mixing) and f ixed on Ref inal .
Fluorescein angiograms of the basel ine and those
obtained after 2 yr were considered for the compar-
ison. Those pat ienrs who developed prol i ferai ive
lesions during the study were t ieateà with laser
photocoagulai ion and ionsidered to have con-
cluded the tr ia l .  I f  laser treatment was appl ied after
enter ing the study, the last angiogram before pho-
tocoagulat ion was used for comparison with that of
the basel ine.
According to the purpose of this studv, onlv

Diabetic control antl etolution of retinopoth_t

changes of  ischaemic areas and appearance of  new
vesse l s  we re  taken  i n to  cons ide ra t i on .  Fo r  t he
ana ìys i s  o f  t he  re t i na l  ou t come,  qua l i t a t i ve  and
quant i ta t ive methods were appl ied separate lv .
l )  QuoLi tat iae method:  f luorescein angiographies
were  b l i nd l v  and  i ndependen t l v  assessed  bv  t h ree
g roups  o f  r eade rs ,  each  g roup  compr i s i ng  t l r r ee
oph tha lmo log i s t s .  Each  o f  t he  7  s tanda rd  f i e l ds  o f
f luorescein angiographv at  the basel ine were com-
pa red  w i th  t he  same f i e l d  ob ta ined  a t  t he  end  o f  t he
s tudv .  No  obse rve r  cou ld  know wh ich  o f  t he  ang i -
og raph ies  was  tha t  o f  t he  base l i ne  o r  t ha t  o f  t he
endpo in t .  A  cumu la t i ve  j udgemen t  rega rd ing  the
va r i a t i on  o f  t he  i schaemic  a reas  fo r  each  eve  was
g i ven .  Wheneve r  d i sag reemen ts  among  the  th ree
g roups  o f  obse rve rs  we re  appa ren t ,  a  j o i n t  bu t
b l i nd  eva lua t i on  was  g i ven .  The  resu l t s  \ ! e re  re -
po r ted  fo r  each  pa t i en ias  improved .  s tab ìe  o r  wo r -
sened .  S ign i f i can t  changes  i n  t he  ex tens ion  o f
i schaemic  a reas  were  cons ide red  s iens  o f  de te r i o ra -
t i on ,  o r  imp rovemen t .  Pa t i en t s  rne re  cons ide red
worsened when at  least  one eve appeared deter io-
ra ted ,  and  improved  when  a t  l eas t  one  eve  ame l i o -
ra ted .  I n  on l v  one  pa t i en t  one  eve  sho*éd  worsen -
i ng  and  the  o the r  impro r .ed l  t he  f i na l j udgemen t ,

F!S. t  -  The drawing schematical ly
shows fhe 7 standard f ields chosen
for the fundus photography and for
f luorescein angiography. Field 1 re-
presents the posterior pole, the
margin of the f ie/d touches the nasal
edge of the disc; f ield 2 takes the
nasal area (axis D); f  ield 3 and 4 the
retina superior and ìnferior of the
disc, respectively (axis 90 and 270);
f  ields 5, 6 and 7 are tangent to the
macular region and accounts tror the
temporal ret ina (axis 1 80,1 35 and 225
respectively). Early phases are taken
only on f ield 1, unti l  yenous ret ina/
filling is completed, then pictures
are taken on the other f ields. late
phases are taken on f ields 1 and 2,7
minutes after inject ion.
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bv  r l eans  o f  an  open  eva lua t i on ,  was  g i ven  bv  an
ex te rna l  sen io r  oph tha lmo log i s t .
2)  Quant i ta t i t ,e  method:  th is  method was appl ied
on l v  on  f i e l d  I  ( pos te r i o r  po le )  and  2  (nasa l  a rea ) .
The  Dokumato r  (Ca r l  Ze i ss ,  Jena ,  D .D .R . )  was
used to obta in suf f ic ient  nragni f icat ion of  the nega-
t ive f i l rn  of  the angiograph,v.  On the magni f ied
images  o f  t he  two  f i e l ds ,  i s chaemic  a reas  were
ca re fu l l v  de l im i ted .  By  means  o f  a  compu te r  image
ana lvze r ,  t he  t o ta l  a rea  o f  i s chaemia  was  then  ca l -
cu la te r l  and  l e1 - ro r ted  i n  a rb i t r a r v  a rea  un i t s ,  I i e i ng
32000 the maxìmum score îor  each oî  the two
f i e l ds .  Even tua l l v .  a  cumu la t i ve  sco re  f o r  t he  i nd i -
v i dua l  pa t i en t  r vas  ob ta ined .  Compar i son  be tween
the  basa l  sco re  and  tha t  o f  t he  endpo in t  was  l hen
ca r r i ed  ou t .

Metabolic par0meters
The  pa t i en t s  se le t r t ed  f o r  t he  s tudv  were  fo l l owed
o \ :e r  A  pe r i od  o f  2  y r  and  the  re t i na l  s ta tus ,  as  we l l
as  t he  me tabo l i c  con t ro l ,  we re  eva lua ted  a t  p rede -
te rn r i ned  t imes .  Cap i l l a r v  g lucose  l eve l s  we re  mea-
su red  bv  a  l e f l ec tance  n le te r  (Re f l oma t .  Boeh r i n -
ge r .  ì \ { annhe i rn .  Wes t  Germanr ' ) l  l , r 'wh i ch  7  b lood
pl lucose values bv f inger  pr ick were obta ined once a
week ,  us ing  d i sposab le  l ance ts  be fo re .  and  90  rn in
af ter .  each of  the th lee major  r lea ls  and before
bed t ime .  S 'ho ìe  venous  b lood  sa rnp les  we re  co l -
l ec ted  once  a  n ron th ,  haen ro l l sa tes  we - re  p repa red ,
"p re -HbA , "  r v i ì s  remor , ' ed  bv  i ncuba t i on  and  sam-
p les  we re  then  assaved  us ing  a  co lumn  an ion  ex -
cha r rge  techn ique  (B io rad  Lab . ,  R i chmond ,  USA)
(12 ) .  To ta l  se rL rm cho les te ro l ,  t r vg l i ce r i des ,  HDL-
cho le - * te ro l .  azo t i ì em ia  and  c rea t i n i r ì e  we re  r r rea -
s u r e d .  e m p l o r i n g  s t a n d a r d  t e c h n i q u e s  ( 1 3 - 1 5 ) ,  a f -
îer  an or ,ern ight  fast .  L ìapi l larv I IC levels were
assessed  bv  t he  oa î i en t s  t hemse lves  and  reco rded
m o n t l r l v  d u r i n g - î Ì i e  o u t p a î i e n t  c l i n i c  v i s i t s .  A n
ou tpa t i en t  n te tabo l i c  con t ro l  eva lua l i on  was  a l so
assessed  eve rv  2  mo  and  the  fo l l ow ing  pa rame te rs
were  measu red :  bodv  rnass  i ndex  ( ke / rn t )  I  sys to l i c
a n d  d i a s r o l i ,  l r ì o o d  p r e s s u r e  t n r r r r H g ) .  T h e  r  a l u e s
o f  5  con t ro l s  we re  cons ide red  fo r  t l r e  ana l vs i s :  t he
base l i ne ,  t he  ó th ,  l 2 th ,  lB th ,  24 th  mon th  o f  t he
s tud r ' .

Statisticol methods
A l l  t he  s ta t i s t i ca l  ana l vses  were  conduc ted  w i th  t he
B M I ) P  S t a t i s t i , ' e l  P a c k a g e  ( I 6 ) .  T h e  p a i r i n g  c r i t e -
r i a  s ta ted  bv  t he  s tud l '  p ro toco l ,  f o r ced  a l ì  t he
s ta t i s t i ca l  t es t s  and  p .oó .d r . " r  app l i ed  i n  t he  ana l -
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ys is  to be based on pai red samples.  This fact  a lso
forced the observat ions to be expressed in terms of
d i f ferences instead of  rough measurement :  the
value represent ing the pai red observat ion consists
in the d i f ference between the value of  the CSII
comDonent  and the value of  the CIT one.
A) fiandomization: the Student's I test, applied to
the basel ine values of  a l l  the parameters observed,
was used to assess the randomizat ion procedure
that  ass igned the two t reatments wi th in each pai r .
The Wi lcoxon s igned rank test  was appl ied to base-
' lìneDokumator 

readìngs to assess the comparabììì-
tv  of  ret inal  compromiss ion between the pai red
components before enter ing the study.
B) Reliabil ity of retína eualuation: the agreement
between the ophthalmologists  of  the three Centres
in evaluat ing ret inal  outcome (qual i ta t ive judge-
ment)  was measured by means of  K-re l iab i l i ty  in-
dex (17) .  Taking in to considerat ion data f rom a
previous p i ìot  s tudy,  Dokumator  re l iab i l i ty  was
evaluated.  In t ra-rater  re l iab i l i ty  was quant i f ied by
means of  r '  in t ra-c lass corre lat ion coef f ic ient  (18) ,

and inter- rater  re l iab i l i ty  was measured by means
of  l inear  corre lat ion coef f ic ient .  Ret ina re lat ive
changes obta ined f rom Dokumator  readings were
categor ized i r r to  a three i tem qual i ta t ive score ( im-
proved,  s table,  worsened) according to99.97o con-
f idence interval  est imated on p i lo t  s tudv data.  The
agreement  between qual i ta t i ie  and quant i ta t ive
eva lua t i ons  o f  r e t i na l  s ta tus  was  measu red  and
tested bv means of  Cohen Kw index (19)  wi th
weight  matr ix  b1-  Cicchet t i .
C)  Fol low-up:  the Student 's  /  test  was appl ied to the
values of  the parameters observed at  the four  s teps
o f  t he  s tudy  (6 th ,  l 2 th ,  l 8 th ,  24 th  mo)  t o  ve r i f y
the hypothesis  of  a d i f ferent  ef fect  of  the two
t rea tmen ts  on  the  me tabo l i c  con t ro l .  The  McNem-
ar test  (20)  to assess the possibìe corre lat ion be-
tween insul in  adminis t rat ion mode and ret inal
outcome (c lass i f ied bv means of  qual i ta t ive score)
was used.  For  each pai r  both the absolute change of
ischaemic areas ( f ina l  va lue minus basal  vaìue)
and the re lat ive chanse f rom the basal  va lue ( f ina l

va lue  m inus  basa l  u í l ue  ou t  o f  t he  basa l  va lue )
were  cons ide red  as  quan t i t a t i ve  measu res  o f  r e t i -
nopathy evolut ion,  over  the per iod 0-24 mo.  The
hvpothesis  of  t reatment  in f luence on the ret inal
outcome was ver i f ied apply ing the Wi lcoxon
sisned rank test  to  absolute chanqes and the Stu-
den t ' s  f  t es t  t o  re la t i ve  changes .

\



D) Multiple linear regression; stepwise linear re-

gression analyses were carr ied out  to  point  out  any

caqual  re lat ionship between the levels of  the meta-

bol ic  parameters and the ret inal  outcome. The

est imated models considered as dependenl  var i '

ab les the absolute change and the re lat ive change

of  the ischaemic area in  each pai r .  The means of

the 5 evaluat ions of  the fo l lowing parameters were

used as independent  var iables:  mean dai ly  BC,

systo l ic  b lood pressure,  d iasto l ic  b lood pressure,
HbAr.  and body mass index.

RESULTS
Thirty-eight pat ients were selected as a whoìe,
each fol lowine the inclusion/exclusion cr i ter ia
l isted above. D-etai ls about the pat ients are given in
Table l .  The two groups of subjects were wel l
matched with regard to al l  the cl in ical  parameters
taken into considerat ion, even when pairs were
created. Seventeen out of 19 pairs completed the
study, whi le 2 pairs dropped out before the second

Tabf e 1 - Easel ine summary oí cl inical data (mean + 5t, range).

Parameter

Diabat i '  contro l  and r toLut ion of  ret in, tpathy

vear contro l  because thev d id not  per form the f ina l

24th month evaluat ior . r .
O f  t he  l 7  pa i r s  who  comp le ted  the  s tudv  I  r eached

the  endoo in t  a t  t he  6 th  mo  and  3  a t  t he  l 2 th  mo

because of  the development  of  pro l i ferat ive ret i -

nopa thv  ( i n  bo th  sub jec t s  i n  t he  pa i r  o [  t he  6 th  mo

and  i n  I  o f  t he  pa i r s  o f  t he  l 2 th  mo ,  and  i n  on l v  one

sub jec t  i n  t he  o the r  two  pa i r s ) .

Glycaemic control during CSII-CIT treatments

Mean  b lood  g lucose  (MBC)  was  s im i l a r  i n  t he  two

g roups  a t  t he  beg inn ing  o f  t he  s tudv .  bu t  a  s i gn i f i -

can t  d i f f e rence  was  ev iden t  f r om the  6 th  mo ,  cha r -

acter ized by a rapid reduct ion of  N' IBC in CSII

t r ea ted  pa t i en t s ,  wh i ch  was  ma in ta ined  th rough -

ou t  t he  s tud ,v  (F ig .  2 ) .  As  an  e f f ec t  o f  t he  i nc reased

number  o f  con t ro l  v i s i t s  a  t endencv  to  a  reduc t i on

of  N' {BG was observed a lso in  the CIT t reated group

wh ich  reve rsed  f rom lhe  l 2 th  mo  onward  to  re lu rn

to  t he  i n i t i a l  va lues  a î  t he  end  o f  t he  s tud r .
A  reduc t i on  o f  t he  HbA, ,  l eve l s  was  obse rved  i n  t he

CSI I  g roup  f rom the  beg inn ing  o f  t he  s tudv  un t i l

t he  l 2 th  mo .  and  rema ined  s îab le  t he rea f te r .  I n  t he

CIT t reated group no s igni f icant  modi f icat ions of

t he  HbA,  l eve l s  occu r red  i r r  t he  f i r s t  vea r  o f  obse r -

va t i on ,  wh i l e  a  t endencv  to  de te r i o ra t i on  was  ev i -

den t  a t  t he  l 2 th  and  24 ih  mo .  A  s ign i f i can t  d i f f e r -

crrCSI I

Sex and n

Age (yr)

Duration of diabetes
(yr)

Body mass  index
(kg lm2)

lnsu l in  dosage
( tu/d)
Mean dai ly blood glucose
(mgldl)

Fasting blood glucose
(mgld l )

Systol ic blood pressure
(mmHg)

Diastol ic blood pressure
( m m H g )

HbAlc !%)

Total serum
cholesterol (mgldl)

HDL cholesterol
(mg ld)

Triglycerides
(mgld l )

M = 1 0
F : 9

36.3 t  2 .10
(23-ss)

18 .5  +  1 .52
(B-33)

24.0 + 0.66
(20.2-32.5)
39.6 t 3.08

120-71]|
179.4 + 10.66

(1 21 -304)

189 0 + 14.05
(9e-306)

132.4 + 2.60
(105-1 60)

82.6 + 1.59
(6s-e5)

8.0 + 0.53
(3.e-1 3.s)

181.8 + 5.33
(128-2251

56.3 + 3.23
(33-83)

92.5 + 10.83
(s0-2471

M : 1 0
F = 9

37.9  +  2 .23
(21 -s3)

16 .6  +  1 .88
(7-3s)

22.7 + 0.57
(18.6 + 27.4J

42.4 + 2.72
(22-74\

181.0  +  9 .08
(1 31 -263)

171 .6 + 11.32
\94-275.7)

135.5  +  3 .13
(1 20-1 60)

83.7 + 1.37
(70-e0)

7 .8  +  0 .33
(s.2-10.4)

189.8  +  6 .75
(143-240)

47.2  +  2 .17
(28-62)

120.5  +  10 .34
(47-20s)

_  1 8 0

C')
E tos

E tso

1 q1 2
Monlhs

O------O =ClT H =CSll

Fig. 2 - Mean dai ly blood glucose prol i le (MBC) of both
treatment groups during the study. From stat ist ical ly not
di l(erent values at basel ine, MBC alter endpoint shows a
signif icant better modif icat ion in the CSll  group.
Aiterisks denote signif icant dif  ferences between the two
treatment groups (paired Student's t te5{).
* = p { 0 . 0 5 ;  + r = p ( 0 . 0 1 .
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Fig.3 -  Clycosylated haemog/o bin (HbA1,)  oÍ  both t reatment
groups dur ingthe st t rc/y.  At  basel ine CSl l  and Cf f  are stat is t i -
cally comparable. Conversely, at the 

'l8th 
and at 24th mo

HbA1, appears to be sìgni l icant ly  lower in CSl l  than in ClT.
*-  p (  0.05.

The CitiR Studv Croup on Diabetic Retinopatht

Table 2 -  Pairs c/assi i ied according to the i inal  ret inal  5tatu.s o i
their  components.

l o î a l

ence was therefore ev ident  between the two groups
in the f ina l  per iod of  the study (F ig.  3) .

Qualitatiue eualuation of retinal changes
The degree of  agreement  between the 3 groups of
ophthalmologists ,  measured by means of  K-re l ia-
bi l i ty  index,  was K :0 .52 (SE 0.086,  p  < 0.001) .
At the baseline, in each pair the retinal status was
simi lar  between the two components,  as a lso
shown by the quant i ta t ive evaluat ion (see below).
Tab le  2  shows  re t i na l  s ta tus  a t  t he  end  o f  t he  s tudy
of  the 19 couples of  pat ients.  Twenty subjects (9
CSI I  and  l l  C IT  showed  de te r i o ra t i on  o f  t he
i schaemic  a reas t  ou t  o f  t hose ,7  (4  CS I I  and  3  C IT )
progressed to pro l i ferat ive changes whìch requi red
prompt photocoagulat ion;  in  l6  pat ients (B CSII
and B CIT)  no s igni f icant  modi f icat ion was ob-
se rved .  I n  2  pa t i en t s  (bo th  CS I I )  a  reduc t i on  o f
i schaemic  a reas  was  documen ted .  The  McNemar
îest  appl ied to îhe data shown in Table 2,aggregat-
ing rorus and columns consider ing "not  worsened"
both improved and stable pat ients and "worsened"
t Ì r e  rema in ing .  d id  no t  show any  s ign i f i can t  assoc i -
a t i on  be t r reen  evo lu t i on  o f  i s c .haemia  and  i nsu l i n
adn r i n i s t ra t i on  n ìode  ( x :  :  0 .10 ,  p  (  0 .10 ) .  How-
e r  e r .  i î  i s  t o  be  po in ted  ou t  t ha t  a  s l i gh t l y  be t te r
outconìe i r r  ret inopathv progression was found in
the  CSI I  r a the r  t han  i n  t he  C IT  g roup .  Name ly ,2
sub jec t s  impro r .ed .  B  we re  s tab le  and  9  wo rsened
n  i t h  CS I I  t r ea tmen t ,  whe reas  no  pa t i en t  im -
p ro r .ed .  B  we re  s tab le  and  I  I  wo rsened  w i th  C IT .  A
compar ison between pat ients wi th ret inal  wors-
ening and those wi thout  ret inal  worsening,  regard-
l ess  o f  t he  pa i r s  d i s t r i bu t i on ,  showed  tha t  no  d i f -

C I T
To ta l

1

5

2

8

9

I  l m p r o v e d : s  S t d b l e :  W  W o r ' e n e d

Tabfe 3 - Stat ist ical ly dif ferent of metabolic parameters in patients with not worsened or worsened diabetic ret inopathy.

c t 0

fso
t w 0

1 91 1

Time Var iab les
Not worsened

X + S E
Worsened

X + S E p * <

Base l i  ne

6 th  mo

12th  mo

18th  mo

24th mo

MBC mgld l

S B P  m m  H g

D B P  m m  H g

TC mg,zdl

SBP mm Hg

HbA1.  %

148.8 + 4.50

125.1 + 3.78

79.9 + 1.86

84.2 + 7.94

126.7 + 3.10

7.1  +  0 .J2

168.6 r 7.65
136.2 + 3.03
86.0 r 2.19

118.2 + 13.25
136.7 + 3.73

8.3 + 0.33

0.04
0.03
0.05
0.04
0.05
0.02

( * )  S ign i f i cance leve l  f rom Student 's  t  tes t .
MBC -  Mean da i l y  b lood g lucose;  SBP and DBP =  sys to l i c  and d ias to l i c  b lood pressure ,  respec t ive ly ;  TC =  t r ig lycer ides ;  HbA1.  =  g lycos i la ted
h a e m o g l o b i n .
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ference was evident at the basel ine in the metabol-
ic parameters (Table 3).  At the 6th mo the two
groups di f fered for mean dai ly BC, systol ic and
diastol ic blood pressure and tr ig lycerides (higher
in  the  worsened group) ;  a t  the  l2 th  mo the  two
groups di f fered only for systol ic blood pressure;
and al  the lBth mo only for HbA,, . .  At the 24th mo
they did not di f fer as to any of the parameters. I t  is
worth not ing that al l  the pat ients maintained nor-
mal  v isua l  acu i ty  a t  the  end o f  the  s tudy .  No
signif icant change as far as anter ior segment was
ev ident  a t  the  endpo in t .  In  no  case d id  rubeos is
ir id is develop. Intraocular pressure remained
normal in al l  the pat ients.

Q u antit atiu e eu alu ati on
A pi lot  study was carr ied out to evaluate the Do-
kumator method. Fluoroangiographies relevant to
f ields I  and 2 were read by two ophthalmologists
on a sample of B subjects with background diabet ic
retinopathy. Two angiographies were performed
on each subject within 3-4 days. The sample size of
B subjects was necessarv to provide a power greater
than 0.8 to detect a mean di f ference of at  least 700
Dokumator Units between readers, once the var i-
abi l i ty of  the phenomenon under observat ion has
been stated in 500 Units.  The method showed a
hieh level of  intra-rater and inter-rater consisten-
cy. A good correlat ion between the two readings of
each ophthalmologist  was found (r '  :0.99) as wel l
as a correlat ion between the readings of the two
ophtha lmolog is ts  a t  each t ime ( r '  :0 .99) .  Cood
l inear correlat ion was also found between the abso-

Diabetic control and et'Ltlutiort of retinopath.t

lu te d i f ferences (second reading minus f i rs t  read-
ing)  of  the readings of  each ophthalmologists  ( r  =

0.96,  p < 0.01)  and between the re lat ive changes
(second reading minus f i rs t  reading out  of  the f i rs t
reading)  of  the readings of  each ophthalmologist  ( r
: 0 .77  ,  p  <  0 .05 )  .  Once  s ta ted  tha t  w i t h i n  3 -4  davs
the ret inal  s tatus of  a subject  cannot  s igni f icant ly
change f rom a pathological  point  of  v iew,  and once
the good re l iab i l i tv  of  the Dokumator  method was
recognized,  the 99.9% conf idence interval  of  Do-
kumator  reading re lat ive changes I ' ras been ac-
cep ted  as  t he  i n te rva l  w i t h i n  wh i ch  a  change  mus t
be considered d i f ferent  f rom zero bv chance.  For
each subject ,  mean and uar iancé of  re lat ive
changes read by the two ophthrr lmologists  were
computed.  A99.9% conf idence interval  was then
computed using as phenomenon var iance the
mean  o f  t he  va r i ances  w i th in  each  sub jec t  we igh t -
ed wi th the respect ive degree of  f reedom. The
resu l t i ng  i n te rva ì  was  tha t  o f  ex t remes  ( -10 .95 ,
12.83) .  According to th is ,  a re lat ive change was
considered as " improvement"  i f  <  -10.95,  "wors-
en ing "  i f  >  t 2 .B3 ,  "no  change"  i f  r v i t h i n  t he  i n te r -
v a l .

Because very good qual i ty  of  the angiograms was
requ i red ,  Dokumato r  quan t i f i ca t i on  o f  i s chaemic
a reas  i n  t he  two -yea r  s tudy  was  poss ib le  i n  25  ou t
o f  38  pa t i en t s  o f  t he  p resen t  s tudv .  They  i nc luded
l0 pai rs  whose angiograms were avai lable at  the
base l i ne  and  a t  t he  endpo in t .  A t  t he  base l i ne  t h t :
n rean  o f  t he  d i f f e rences  i n  eac l r  pa i r  (CS I I  m i i r us
C IT )  was  -6134  a rb i t r a r y  Un i t s .  The  Wi l coxon
signed rank test  showed that  each pai r  entered the

Table 4 - Mult iple l inear regressio n model associat ion between changes o/ (he ischaem ic areas, metabolic parameters and blood
pressure. (R-sq = 0.86; F = 5.39; p = 9.951.

Variable Regress. S.E.
coeff.

p -va  rue Stand .
coef f .

R-sq
cont r ib

Intercept

MBC

SBP

-6660.8
-170.2

-216.9

^t031.42

48.33
q )  A ,

0.003
0.024
0.015

-1 .98

_  I . J U

-0.83
0.42

0.57

Variables in the model :  The absolute change of  ret inal  sta lus over the 24 months of  study is  measured by the di f ference (24 mo-Basel ine) of  the
Dokumator readings in the matched pairs:  in o lher words the dependent var iable of  the model  is  expressed as [ (CSl l - lCI)24-(CSl l - lCT) ] .  As
independent var iables the average of  the f ive evaluat ions of  mean dai ly  b lood glucose,  systol ic  and diastol ic  b lood pressure,  HbA1. and body mass
index were used.
Resul ts of  stepwise- l inear-regression analysis.  The stat is t ics of  the f  i t ted model  are shown wi th in round brackets.  R-sq = p- tqr . rud mu l t ip le correlat ion
coeff ic ient .  F = t  rat io to test  the s igni f icance of  lhe regression model ,  p:  s igni f icance level .
For each stat is t ical ly  s igni f icant  parameter are speci f ied:  Regress.  coef f .  :  the regression coef f ic ient  ( the negat ive coef f ic ients shows a di rect  associat ion
between the parameters and the ischaemic deter iorat ion stated the way in which the dependent var iable has been expressed. S.E.  = standard error  of
the coef f ic ient ,  p-value = the stat is t ical  level  of  s igni f icance for  that  coef f ic ient .  Stand.  coef f .  = the value of  the standardized coef f ic ient  ( for  d i rect
compar isons between coef f ic ient  of  independent var iables expressed wi th d i f lerent  measure uni t ) .  R-sq contr ib.  = the contr ibut iÒn to R-squared that
is  the amount by which R-squared would be reduced l l  that  var iable were removed f rom the regression equal ion.
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study wi th a suf f ic ient  comparable degree of
i schaemia  (W :  9 ,  p  : 0 .0ó7 ) .  Neve r the less ,  t o
ver i fv  the hypothesis  that  the d i f ferent  t reatment
inf luences the ret inal  evolut ion,  changes wi th re-
sDecl  to  the basel ine were considered.  At  the end-
point  the absolute change ( f ina l  minus basal  va lue)
as wel l  as the re lat ive change (absolute change out
of  the basal  va lue)  was s igni f icant  (W :  I ,  p  {
0.015.  Wi lcoxon s igned rank test  for  the former;
m e a n : 0 . 6 7 ,  S E : 0 . 3 0 ,  N : 9 ,  t : 2 . 2 4 , p  < 0 . 0 5 ,
pai red Student 's  f  test  for  the la t ter) .

Stepwise multiple linear regression analysis
This analys is  showed that  ret inal  deter iorat ion,
measured in l0  matched pai rs  and quant i ta t ive ly
measured by the Dokumator  system, was s igni f i -
cant lv  associated to svsto l ic  b lood pressure,  what-
eve r  measu re  o f  r e t i na l  evo lu t i on  was  cons ide red .
Table 4 shows the resul ts  of  the best  model  est ima-
t i on .

D ISCUSSION

The  a im  o f  t he  p resen t  s tudv  was  to  i n r , es t i ga te  t he  '

e f f ec t  o f  s t r i c t  n re tabo l i c  con t ro l  ach ieved  bv  CS I I
i n  Tvpe  I  i nsu l i n -dependen t  d iabe t r c  pa t i en t s  on
the progression of  ret inal  ischaemia in  d iabet ic
re t i nopa thv .  I n  pas t  vea rs  seve ra l  s tud ies  have
alreadv t r ied to assess the benef i ts  of  in tensi f ied
insu l i n  t r ea tmen t  on  backe round  d iabe t i c  re t i no -
p a t h r  ( 6 ,  9 ) .  H o w e v e r .  i t  i i  t o  b e  p o i n t e d  o u t  t h a t
t he  l a rge  ma jo r i t v  o f  p rev ious  i nves t i ga t i ons  have
taken  i n to  cons ide ra t i on  d iabe t i c  pa t i en l s  showìng
a  w ide  spec t rum o f  re t i na l  abno rma l i t i es  rang ing
from mi ld background ret inopathy onlv wi th few
mic roaneu r i sms  to  advanced  p rep ro l i f e ra t i ve  o r
even  p ro l i f e ra t i ve  re t i nopa thy .  Moreove r ,  i t  has
been  pos tu ìa ted  tha t  d iabe t i c  re t i nopa thv  cou ld  be
pa radox i ca l l v  de te r i o ra ted  bv  a  s t r i c t  me tabo l i c
con t ro l  ( 7 ,  B )  consequen t  t o  a  rap id  nea r -no rma l i -
zat ion of  BC levels.
The rat ionale of  the Dresent  s tudv was the re-
c ru i t r nen t  o f  a  d iabe t i c  popu la t i o r r  s i r i c t l v  cha rac -
te r i zed  bv  a  we l l  de f rned  re t i na l  abno rma l i t y ,  t ha t
i s  a reas  o f  cap i l l a r v  non -pe r fus ion ,  i n  o rde r  t o
ver i fv  the ef fects of  CSII  in  compar ison wi th CIT,
precisely  at  th is  s tage of  ret inal  deter iorat ion.  A
second feature of  the present  s tudv was an analyt i -
ca l  app roach  to  re t i na l  eva lua t i on ,  us ing  no t  on l y  a
qual i ta t ive assessment  of  ret inal  morphologv,  but
a l so  a  quan t i t a t i ve  measu remen t  o f  t he  cap i l l a r y -
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f ree areas by Dokumator Zeiss technique (I  I ) .  To
our knowledge, this is the f i rst  report  on the effects
of intensi f ied insuI in treatment on ret inal  mi-
croangiopathy, based also on a quant i tat ive as-
sessment of ret inal  ischaemic changes.
Our f indings conf irm previous observat ions that
CSII  achieves a better metabol ic control  than CIT.
Furthermore, a better glycaemic control  was
neither associated with any rapid deter iorat ion of
ret inàl  morphology, nor after one (2I)  or two years
treatment was a signi f icant worsening observed.
On the  cont ra ry ,  the  inc rease in  the  d imens ions  o f
the ischaemic areas was lower in the CSII  than in
the CIT group after two years treatment, suggest-
ing that a good metabol ic control  could reduce the
progression of diabet ic ret inopathy. Eventual ly,  a
fur lher interest ing f inding of the present study is
that higher blood pressure, al though, within the
range of normal values (140 mmHg systol ic and 90
mmHg diastol ic pressure),  is associated with the
progression of the diabet ic ret inopathy, i r respec-
t ive of the degree of metabol ic control .  [ t  is to be
pointed out that rhe di f ference in the metabol ic
cont ro l  be tween the  two insu l in  ree imens (CSI I
and CIT).  was not so clear ly -urkei  as in other
reports.  \amelr ' ,  DCCT data (22) indicated that
the  tuo  t rea tmenî  res imens d id  resu l t  in  a  more
subs tan t ia l  d i f fe rencà in  metabo l ic  con t ro l  than
t f ra t  found in  the  present  s tudy .  A t  the  l2 th  mo
HbA, level was 8.56% in diabet ics on convent ionaì
therapv and 6.701 in the pat ients on intensif ied
insul in therapr ' ,  whereas HbAr,.  value at the cor-
respondent  t ime was 7  . I% in  our  CSI I  pa t ien ts  and
7 .4% in  those on  convent iona l  therapy .  On the
other  hand,  i t  i s  to  be  po in ted  ou t  tha t  we have a lso
considered in the CIT group those pat ients with
th ree  insu l in  admin is t ra t ions  per  day ,  whereas  the
DCCT s tudv  inc luded in  the  .ònu.n i ionu l  therapy
regimen only subjects with two dai ly inject ions.
From a generaì point of  v iew, al l  the subjects par-
l ig ipat ing in our protocol study were educated to
ach ieve  a  good metabo l ic  con t ro l .  Thus ,  bo th  CSI I
and CIT pat ients strowed an improved metabol ic
con l ro la t  the  l2 th  mo in  compar ison  w i th  base l ine
values. However al  the second year,  pat ients on
CIT therapy were back to basel ine values, whereas
pat ients on CSII  maintained HbA,.  levels which
were signi f icant ly lower than those exhibi ted be-
fore enter ing the studv protocol.
With regard to the ret inal  outcome, quant i tat ive



evaluat ion us ing Dokumator  Zeiss approach showed
that  the improved metabol ic  contro l  found wi th
the CSII  t reatment  was associaîed wi th a retarded
progression of  ischaemic ret inopathy in  compar i -
son wi lh  ICT regimen.  Conversely,  qual i ta t ive eval -
uat ion,  though tak ing in to account  a wider  ret inal
f ie ld,  fa i led to demonstrate a s igni f icant  d i f ference
o f  t he  re t i na l  ou t come be twàen  CSI I  and  C IT .
Some considerat ions should be made in regard to
th is  apparent  d iscrepancy.  F i rs t ,  even though the
two t reatment  regimens d id not  reach a stat is t ica l
d i f ference at  the endpoint  as far  as qual i ta t ive
assessment  of  the ischaemic changes is  concerned,
a tendencv to a s lower progression of  ret inopathy
in  pa t i en t s  t r ea ted  w i th  CS I I  seems  ev iden t .  Se -
condly,  a l l  prev ious studies (22,23) ,  where evalua-
t ion of  d iabet ic  ret inopathy was t ransformed in
terms of  improvement ,  no change or  deter iorat ion
fa i l ed  t o  demons t ra te  a  be t te r  ou tcome o f  i n tens i -
f i ed  i nsu l i n  t he rapv  when  compared  to  conven -
t i ona l  t r ea tmen t .  On l v  when  resu l t s  o f  t he  S teno
S tudv  (23 )  and  those  o f  r he  Os lo  S rudv  (24 )  we re
cumulated together ,  the bet ter  metabol ic  contro l
found in CSII  was associated wi th a s igni f icant lv
be t te r  ou tcome o f  re t i nona thv .
The present  resul ts  

"ont id" . "d 
as a whole seem to

suppo r t  t he  v i ew  tha t ,  even  though  i n  ou r  pa t i en t s
CSII  does not  prevent  the development  ofpro l i fer -
a t i ve  re t i nopa thy ,  t he  de te r i o ra t i on  o f  r e t i na l  m i -
croangiopathv could be retarded by st r ic t  metabol-
i c  con t ro l  ach ieved  bv  CS I I ,  even  a t  a  re la t i ve l y
advanced  s tage  such  as  i schaemic  re t i nopa thv .  F i -
nal ly ,  a  s igni f icant  corre lat ion was found in the
present  s tudy between the evoìut ion of  ret ino-
pathv and the levels of  the ar ter ia l  b lood pressure,
suggest ing that  the ret inal  deter iorat ion is  asso-
c iated wi th the degree of  b lood hypertension as
wel l .  An in terest ing f ind ing o[  the present  s tudy is
tha t  t he  ma jo r i t v  o f  t he  d iabe t i c  pa t i en t s  exh ib i t ed
blood pressure pat terns wi th in the range of  normal
values.  Thus,  i t  can be suggested that  a lso a s l ight
increase in b lood pressure wi th in the normal  range
could be associated wi th a deter iorat ion of  the
ret ina.  A s imi lar  f ind ing has been repor ted in  d ia-
bet ic  pat ients on insul in  therapy wi th regard to
evolut ion of  nephropathy (25) .
I n  conc lus ion .  ou r  resu l t s  i nd i ca te  t ha t  l .  an  ame-
l iorat ion of  metabol ic  contro l  is  associated wi th a
s l i gh t l v  be t te r  evo lu t i on  o f  d i abe t i c  re t i nopa thy ;2 .
an important  re lated parameter  in  the evolut ion of

Diabetic control and <,toLution of retinopath_t'

ischaemic toward pro l i ferat ive ret inopathy seems
to  be  the  sys to l i c  b lood  p ress r - r re .  On  the  o the r
hand,  i t  can be suggested that  aî  an equal  degree of
svs to l i c  b lood  p ressu re ,  a  s t r i c t  me tabo l i c  con t ro l
could p lav a favourable ro le.
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