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Retinal circulation times in diabetes mellitus type 1
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Abstract
Video fluorescein angiography was performed
in 124 patients between 18 and 65 years of age
(mean 35 0, SD 12-3 years) with juvenile-
onset, insulin-dependent diabetes mellitus
(type 1). The arm-retina time (ART) and the
retinal arteriovenous passage time (AVP) were
measured by means of a picture analysis
system to quantify the retinal microcirculation.
Glucose metabolism was assessed by the
blood level of haemoglobin AIc. The ART
11-5, SD 3-4 s) was similar to that in normal
persons (11.2, SD 3-3 s), while the AVP was
significantlylongerin the diabetics(AVP=2.35,
SD 0-87 s) than in normal persons (AVP= 1-45,
SD 040 s). The patients with severe diabetic
retinopathy showed the most impressive
change in AVP. The diabetics with good gly-
caemic control, that is, with glycosylated
haemoglobin (HbAlc) 68-0 g/dl, had a shorter
AVP than patients with bad glycaemic control
(HbAlc Bt9-5 g/dl). The group with a history
of diabetes for less than five years showed
circulation parameters similar to those of
normal persons. The AVP in this group was
significantly shorter than in groups with a
history of diabetes for five or more years.

Most patients with diabetes mellitus develop
characteristic abnormalities of the retinal blood
vessels and the blood rheology. These abnor-
malities seem to alter the retinal blood flow in
diabetic persons.

Video fluorescein angiography, combined
with a picture analysing system, is a clinically
applicable objective method for evaluating
retinal circulation parameters.' Until August
1989 the system included a low light video-
camera (Bosch) and a fundus camera (C Zeiss).
Thereafter both devices were replaced by a

scanning-laser-ophthalmoscope (SLO, Roden-
stock). This new SLO gave similar results.2 The
measuring technique used has been presented in
detail elsewhere. The present paper reports the
measurement of retinal circulation in juvenile-
onset insulin dependent diabetic persons (type 1)
by means of video fluorescein angiography.
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Materials and methods
We studied 124 patients with juvenile-onset
insulin dependent diabetes mellitus (type 1) (71
male, 53 female) aged between 18 and 65 years
(mean 35-0 SD, 12-3 years). The history of
diagnosed diabetes ranged between 0 1 and 51-4
years (mean 18-5, SD 10-3 years). Twenty one
patients (16-9%) had a history of systemic hyper-
tension. No other retinal or systemic disease was
found in any patient. The results obtained from
diabetics were compared with those of an age-
matched control group of apparently healthy

Table I Characteristics ofjuvenile-onset diabetics and
normal subjects

Diabetics Normal
(n= 124) (n= 75)

Sex M/F 71/53 30/45
Age (yr) 35 (12) 32 (13)
Duration of diabetes (yr) 18 (10) -

HbAlc (g/dl) 8-8 (1-9) -
Systolic blood pressure (mrnHg) 135 (25) 134 (13)
Diastolic blood pressure (mmHg) 81 (12) 77 (9)
History of hypertension (%) 16-9

SD in parentheses.

volunteers. The characteristics of the diabetic
and the normal subjects are summarised in
Table 1. No significant difference between the
groups was found with respect to age and systolic
and diastolic blood pressure.
The severity of diabetic retinopathy was

evaluated by ophthalmoscopy, fundus photo-
graphy, and angiography. The diabetic patients
were distributed into four groups: (1) no retino-
pathy (DR 0); (2) mild to moderate non-proli-
ferative retinopathy (that is, microaneurysms,
haemorrhages, hard exudates) (DR 1); (3) pre-
proliferative retinopathy (that is, multiple
cotton-wool spots, intraretinal microvascular
abnormalities, venous beading, or areas of non-
perfusion) (DR 2); (4) proliferative retinopathy
(DR 3).

Glucose metabolism was assessed by the blood
level of glycosylated haemoglobin (HbAlc)
(normal range: 4 3-6 0 g/dl).3
We found a significant difference in age and

duration of diabetes (a) between diabetics with
no retinopathy (DR 0) and the other groups
(p<O-Ol) and (b) between diabetics with mild to
moderate non-proliferative retinopathy (DR 1)
and proliferative retinopathy (DR 3) (p<005).
There was no significant difference between the
groups regarding sex and glycaemic control
(HbAlc). A significantly increased systolic and
diastolic blood pressure was found in patients
with proliferative retinopathy (DR 3) as com-
pared with the other groups.

Video fluorescein angiography was performed
on all subjects. The circulation parameters arm-
retina time (ART) and retinal arteriovenous
passage time (AVP) were measured by means ofa
picture analysing system.' The ART consists of
the period of time between the injection of dye
into the cubital vein and its first appearance in

Table 2 Circulation parameters ofjuvenile-onset diabetic
and normal subjects

Arm-retina Arteriovenous passage
No time (s) time (s)

Diabetic patients 124 115 (3 4) 2 35 (087)
Normal subjects 75 11-2 (3 3) 1-45 (040)
Significance NS p<0o01

SD in parentheses.
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the retinal arteries. It allows a rough estimation
of the macrocirculation. The AVP is defined as
the interval between the first influx of dye into a
retinal artery and its first appearance in the
corresponding retinal vein. It is the time the
indicator requires for passing through a corres-
ponding area of retinal microcirculation.

STATISTICS
Mean value and standard deviation are given for
all samples. To assess the significance of the
results non-parametric tests (Mann-Whitney U
test; Kruskal-Wallis test) were used. For
multiple group test statistics the Kruskal-Wallis
test with subsequent Holm's sequential rejective
multiple test procedure' was applied. Findings
with an error probability value smaller than 005
were considered to be statistically significant.

Results
Table 2 shows the circulation parameters of
juvenile-onset diabetic and normal subjects. The
arm-retina time was similar in both groups. A
significant prolongation of the AVP in diabetics
was found.
The influence of the stage of diabetic retino-

pathy on the circulation parameters is shown in
Table 3. No significant difference of arm-retina
time was found between the groups. The AVP
was significantly prolonged in all four groups as
compared with the normal subjects. There was
an increase of AVP with progressing diabetic
retinopathy. The differences in AVP between
RD 0 and RD 1 (p<005), RD 0 and RD 2
(p<0 05), RD 0 and RD 3 (p<0 01), and RD 1
and RD 3 (p<001) were significant. HbAlc was
unchanged throughout the various stages of
diabetic retinopathy.
To determine the influence of glycaemic con-

trol on the circulation parameters groups with
good (HbAlc 68X0 g/dl) and bad glycemic
control (HbAlc i9-5 g/dl) were compiled.
Patients with an HbAlc concentration between
8 1 and 9 4 g/dl were not included. There was
no significant difference in the arm-retina time
between the two groups. The diabetics with bad
glycaemic control showed a significant increase
of AVP as compared with patients with good
glycaemic control (Table 4).

Table 5 shows the AVP of juvenile-onset
diabetics with good and bad glycaemic control
and stage of diabetic retinopathy. Diabetics
without any sign of retinopathy (DR 0) and with
good glycaemic control showed an AVP similar
to that ofhealthy individuals. In mild to moderate
non-proliferative retinopathy (DR 1) and in
preproliferative retinopathy (DR 2) the AVP
was significantly (p<0 01) longer in patients
with bad glycaemic control than in diabetics with
good glycaemic control. The AVP of diabetics
with proliferative retinopathy (DR 3) seemed to
be independent of glycaemic control.
The influence of the duration of diabetes on

the circulation parameters is shown in Table 6.
The group with a history of diabetes <5 years
had a normal ART and AVP as compared with
healthy persons. Six of nine diabetics with
duration of diabetes <5 years had a value of

Table 3 Circulation parameters ofjuvenile-onset diabetics
and stage ofdiabetic retinopathy (DR) (DRO: no retinopathy;
DRI: mild to moderate non-proliferative retinopathy; DR2:
preproliferative retinopathy; DR3: proliferative retinopathy)

Arm-retina Arteriovenous passage
Stage ofDR No. time (s) time (s)

DR0 27 11-5(3 5) 1-84(0-67)
DR 1 39 11-1 (2 8) 2-28(0 78)
DR2 22 11-1(3-1) 2 44(0 88)
DR 3 36 12-2 (4 2) 2-75 (0 91)
Significance NS p<001

SD in parentheses.

Table 4 Arm-retina time (ART) and arteriovenous passage
time (AVP) ofjuvenile-onset diabetics with good (HbAIc
8-0 gldl) and bad glycaemic control (HbAIc ,9 5 gldl)

No. ART(s) AVP(s) HbAlc(gfdl)

Good glycaemic control 35 11-4(3 2) 1-90(0 67) 7 0(0(8)
Badglycaemiccontrol 34 11-1(2-9) 262(086) 10-8(1-3)
Significance NS p<0O01 p<0 01

SD in parentheses.

TableS Arteriovenous passage time (AVP) ofjuvenile-onset
diabetics with good (HbAIc -8-0 gldl) and bad glycaemic
control (HbAIc ,9 5 g/dl) and stage ofdiabetic retinopathy
(DR) (DRO: no retinopathy; DRI: mild to moderate non-
proliferative retinopathy; DR2: preproliferative retinopathy;
DR3: proliferative retinopathy) (*=p <0 01 between good
and bad control)

Good glycaemic control Bad glycaemic control
Stage ofDR AVP (s) AVP (s)

DR 0 1-40 (0-59):n=8 1-98 (0-51):n=5
DR 1 1-86 (0-40):n= 12 2 51 (0-36*):n= 10
DR 2 1-84 (0-44):n=9 3 00 (1-03*):n=8
DR3 2-71 (0-85):n=6 2-82 (105):n=11

SD in parentheses.

Table 6 Circulation parameters ofjuvenile-onset diabetics
and duration ofdiagnosed diabetes

Duration Arm-retina Arteriovenous passage
ofdiabetes (yr) No. time (s) time (s)

<5 9 11*4(2-1) 1*56(0 48)
5-14 40 11 1(36) 224(087)
15-24 48 11 0(2 9) 2-52 (0 94)
>25 27 13 0 (4 1) 2-47 (0 69)

SD in parentheses.

HbAlc -7.5 g/dl. The AVP in this group is
significantly shorter than in the other three
groups with duration of diabetes ¢5 years
(p<0-01). No significant change of AVP was
found among the other groups (duration of
diabetes: 5-14, 15-24, and >25 years). The
ART ofthe three groups <25 years was similar to
the ART ofhealthy persons. Only the group with
duration of diabetes ¢25 years showed an in-
creased arm-retina time (p<0 05) as compared
with healthy persons and with diabetics with a
history of diabetes for 5-14 and 15-24 years.

Discussion
The initial lesions of diabetic retinopathy affect
capillaries, small arterioles, and venules. The
earliest changes are retinal capillary bed obstruc-
tionsand capillary dropout.5 Progressive thicken-
ing of the basement membrane narrows the
lumen of capillaries; microaneurysms, venous
abnormalities, arteriovenous shunts, and later
neovascularisation develop. These changes of
vessel morphology may disturb the retinal micro-
circulation.
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Furthermore, diabetes mellitus affects the
blood rheology. Increasing blood viscosity and
plasma viscosity," increasing red blood cell
aggregation,8'0 and increasing platelet aggrega-
tion and change of platelet shape" 12 reduce the
retinal blood flow, if not compensated by regula-
tory means.
The AVP is the shortest time of fluorescein

circulating through a corresponding area of
retinal microcirculation. We found an increased
AVP in adult type 1 diabetics. This indicates a
disturbed microcirculation. Previous work had
suggested that retinal blood flow would be
increased in prediabetes'3 and in some stages of
diabetic retinopathy.' '6 However, our finding
of increased AVP is in agreement with other
investigations of decreased retinal blood flow or

increased retinal circulation times using the blue
light entoptic phenomenon,'718 laser Doppler
velocimetry,'9 photoangiography,2" 21 or two-
point fluorophotometry.22 With video
fluorescein angiography we found prolonged
AVP in type 2 diabetics.2324 These methods of
measuring retinal circulation evaluate different
parts of the retinal circulation. The blue light
entoptic phenomenon'725 allows determination
ofthe perifoveal flow velocity ofleucocytes; laser
Doppler velocimetry measures the velocity of
red blood cells.'9 Two-point fluorophoto-
metry'5 16 measures blood flow velocities in the
major retinal vessels; two-point fluorophoto-
metry,22 photoangiography,202' and with more
precision video fluorescein angiography measure
the time interval of fluorescein from arteriole to
the corresponding venule. In capillaries of the
conjunctiva bulbi2627 and of the nailfold28 a
decreased blood velocity was also found in
diabetics. The prolonged AVP may be due to the
morphological changes of the retinal vessels and
to the disturbed blood rheology in diabetes
mellitus.
By means of photoangiography Ferrer20 found

retinal circulation times of four long-standing
diabetics without retinopathy to be similar to
that of normal persons. Two cases of long-
standing diabets with retinopathy were found to
have a delayed circulation. Kohner et al. 14 showed
that the mean transit time is decreased in no or
mild diabetic retinopathy and bears normal
values in moderate and in severe retinopathy.
Cunha-Vaz et al.' found an increase of retinal
blood flow in minimal and more advanced stages
ofbackground retinopathy and decreasing retinal
blood flow in proliferative retinopathy. Blair
et al29 found that mean circulation time is normal
innoorbackground retinopathyandprolonged in
proliferative retinopathy. Yoshida etal22 reported
that mean circulation time was significantly
increased only in proliferative retinopathy and
similar to that of normal persons in no or non-

proliferative retinopathy. In a study ofGrunwald
et al'9 arterial and venous blood flow was less than
normal in background and proliferative retino-
pathy and similar to that of normal persons in

diabetics with no retinopathy. The calculated
volumetric blood flow rate, however, did not
differ from normal in all stages of retinopathy
without retinal photocoagulation.19 Rimmer
et all' reported in a long-term follow-up study
that the perifoveolar blood velocity (measured by

blue light entoptic phenomenon) decreased in
the course of diabetic retinopathy.

In our investigation a larger number of a
specific subgroup of diabetics (adult juvenile-
onset insulin dependent) was studied than
reported elsewhere. All groups of different
stages of diabetic retinopathy showed a pro-
longed AVP. There was a trend to increasing
AVP with progressing diabetic retinopathy.
Dependence of the retinal blood flow on the

duration of diabetes mellitus was examined by
Oswald et al. 6 They reported an increase of
blood flow velocity, with a maximum among
patients with a 10-20 years' history of diabetes
mellitus. In contrast, we found a normal AVP in
patients with a history ofdiabetes of less than five
years and a worse retinal microcirculation in
diabetics with longer duration of the disease.
By means of blue field entopic phenomenon

Fallon et al.30 and Davies et al25 showed that acute
fluctuations in plasma glucose levels are not
associated with changes of perifoveal blood flow.
In addition, no difference was found in the
response of macular blood flow to hyperoxia
(autoregulation) with high and normal blood
glucose levels.30 Laser Doppler velocimetry'9 did
not show any correlation between acute blood
glucose levels and arterial or venous blood flow
velocity in insulin dependent diabetics. In 12
type 2 diabetics Grunwald et al" found a decreas-
ing retinal blood flow within three hours after
onset of a decrease in blood glucose from hyper-
glycaemia to normoglycaemia. The study
presented here showed AVP of diabetics with
good or bad long term diabetic control within
the last 4-6 weeks before examination (HbAlc).
The diabetics with bad glycaemic control
showed a longer AVP than did patients with
good glycaemic control. Diabetics without signs
of retinopathy (DR 0) and good glycaemic con-
trol had a similar AVP as compared with healthy
persons. These results may indicate that bad
glycaemic control worsens the retinal micro-
circulation and may lead to a more severe course
of diabetic retinopathy. In the proliferative stage
the retinal microcirculation was even more dis-
turbed. Only in this group did the AVP seem to
be independent of good glycaemic control.
The ART allows for a rough estimation of the

macrocirculation. The type 1 diabetics studied
here showed similar values of ART to those of
healthy adults. Only the patients with history of
diabetes ;25 years showed an increased ART
(Table 6). This may indicate that only some of
the patients with a long history of diabetes
participating in this study suffered from dis-
turbed macrocirculation. Disturbed macro-
circulation is an unlikely cause of increased AVP
because of the normal ART we encountered in
most of the diabetics.

In conclusion, the retinal circulation in
juvenile-onset insulin dependent adult diabetics
is decreased as compared with that of healthy
persons. AVP values similar to those of normal
persons were found only in diabetics (1) with
duration of diabetes of less than five years or (2)
without retinopathy and with good glycaemic
control. Bad glycaemic control seems to worsen
retinal microcirculation. This may be one cause
of the increasing prevalence of ischaemic lesions
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and their vascular complications in patients with
a long history of diabetes mellitus.
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