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Abstract

We describe the multimodal management of a patient with proliferative diabetic retinopathy and diabetic macular edema
associated with active acromegaly. A 61-year-old Japanese female who had had type 2 diabetic mellitus for> 10 years com-
plained of deteriorated eyesight. She had distinct acromegalic features, and her visual acuity was 0.05 (right) and 0.4 (left)
because of sub-capsular cataracts and proliferative diabetic retinopathy with macular edema. Anti-vascular endothelial growth
factor treatments, cataract surgeries and retinal direct laser photocoagulation were performed together with gradual glycemic
control with basal insulin to prevent worsening of the visual impairment. She was given an injection of a long-acting soma-
tostatin analog (octreotide LAR) and began taking three bolus mealtime insulin shots with basal insulin beginning 1 month
before undergoing a trans-sphenoidal adenomectomy. After this successful surgery, her blood glucose levels immediately
decreased, and the rapid-acting insulin at mealtimes was discontinued with the observation of normal growth hormone and
insulin-like growth factor (IGF)-1 levels, suggesting that her acromegaly was in remission. Her visual acuity improved without
a worsening of diabetic retinopathy. Since the increased IGF-1 production in systemic circulation and local vitreous fluids
may be one of the aggravating factors for diabetic retinopathy, our patient's acromegaly complicated with severe retinopathy
presented an opportunity for multimodal management in close collaboration with an ophthalmologist, neurosurgeon, and
endocrinologist. Our literature review revealed that the estimated prevalence of diabetic retinopathy in cases of acromegaly
associated with diabetes mellitus is 12.5-42.9%.
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Introduction

Acromegaly is a rare chronic disease characterized by the
hypersecretion of growth hormone (GH) from a pituitary
adenoma and an elevated level of insulin-like growth fac-
tor-1 (IGF-1) [1]. Diabetes mellitus (DM) is frequently
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associated with acromegaly, but diabetic complications, such
as retinopathy and maculopathy (macular edema), are less
frequently encountered in patients with acromegaly [2-6].
Severe forms of diabetic retinopathy (DR) have occasion-
ally been reported, suggesting the causative roles of GH and
IGF-1 in the progression of DR [7-9]. We encountered a
patient with active acromegaly complicated with severe pro-
liferative DR with diabetic macular edema (DME), and we
report the details of the patient’s multimodal management,
including anti-vascular endothelial growth factor (VEGF)
therapy, surgeries for cataract, retinal direct laser photocoag-
ulation, a pituitary adenomectomy with a preoperative long-
acting somatostatin analog and careful glycemic control.
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Case report

The patient was a 61-year-old Japanese woman who had
DM for > 10 years. At the age of 53, her fasting blood
glucose and glycosylated hemoglobin (HbA1c) levels were
202 mg/dL and 13.3%. Her fasting serum C-peptide (CPR)
and immuno-reactive insulin (IRI) levels were 0.97 ng/
mL (CPR-index 0.48) and 5.7 pU/mL (HOMA-IR 2.84),
respectively. An ophthalmic examination revealed no dia-
betic retinopathy at that time. She had been treated with
metformin (1500 mg/day), teneligliptin (20 mg/day),
pioglitazone (15 mg/day), and insulin glargine (9 U/day).
She had stopped taking her medication and seeing her phy-
sician at the age of 58, when her HbA1c level was 10.3%.

She visited our hospital because of bilateral visual
disturbances. She had a clear family history of DM (her
mother and two younger brothers) but no endocrinologi-
cal disease. She had given birth to two very large infants
(birth weights 4.040 g and 4.010 g) at the ages of 26 and
33, respectively, but we have no information as to whether
she had gestational diabetes.

At her admission, the following data were obtained:
height, 154.0 cm; body weight, 55.7 kg; body mass index,
23.4 kg/m?; blood pressure, 113/69 mmHg. Her body
weight had not changed since the age of 58. She exhibited
enlarged hands and feet, and distinct acromegalic features,
including her facial appearance. Her fasting plasma glu-
cose was 296 mg/dL, and her HbAlc level was 12.5%. Her
fasting serum CPR level was 1.77 ng/mL (CPR-index 0.6),
her IRI level was 7.6 pIU/mL (HOMA-IR 5.55), and her
anti-glutamic acid decarboxylase antibody was negative.
An X-ray examination revealed thickening of the cranium
and tufting of the terminal phalanges. The basal serum GH
value was 32.3 ng/mL, and the IGF-1 level was 513 ng/
mL (4 6.2 SD for a 61-year-old female; reference range
69-198 ng/mL).

Brain magnetic resonance imaging (MRI) showed a
10-mm-diameter pituitary adenoma extending inferiorly
into the sphenoid sinus and into the right cavernous sinus:
Knosp grade 2. The patient's visual fields were full, but
her visual acuity was 0.05 in the right eye and 0.4 in the
left. There were posterior sub-capsular cataracts in both
eyes and vitreous hemorrhage in the right eye. The fun-
dus examination showed proliferative DR in both eyes and
macular edema in the right eye (Fig. 1). Optical coherence
tomography (OCT) showed serous retinal detachment with
increased central foveal thickness in the right eye (Fig. 1).
The patient's deep tendon reflex responses had diminished,
and the motor conduction velocities of the right and left
tibial nerves were slightly diminished to 39.4 m/s and
41.2 m/s, respectively (reference ranges 49.4 +5.2 m/s).
The urinary albumin excretion was 155.1 mg/g creatinine.
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The diagnosis was type 2 DM complicated with diabetic
proliferative retinopathy, nephropathy (microalbuminu-
ria), and multiple peripheral neuropathies, and coexisting
active acromegaly due to the pituitary adenoma.

The patient's clinical course with multimodal manage-
ment is depicted in Fig. 1. For glycemic control, a low dose
of basal insulin glargine was started; the dose was gradu-
ally increased to avoid inducing hypoglycemia. At 1 month
before the patient's scheduled pituitary surgery, three bolus
mealtime insulin lispro injections were added to the basal
insulin to sustain good glycemic control. Intraocular admin-
istration of aflibercept, an anti-VEGF antibody agent, for
the patient's DME, cataract surgeries and retinal direct laser
photocoagulation were performed to prevent the worsen-
ing of her DR during glycemic control and to improve the
visual impairment. A long-acting somatostatin analog, octre-
otide LAR (long-acting release: 20 mg) was administered
intramuscularly once to reduce the GH hypersecretion and
improve perioperative metabolic derangements. Multiple
daily insulin injection was started at the same time as octre-
otide LAR, and the fasting and postprandial blood glucose
levels decreased to 83 mg/dL and 156 mg/dL, respectively.
The patient’s basal GH and IGF-1 levels were 25.4 ng/mL
and 207 ng/mL (4 2.2 SD), respectively, 5 days after octreo-
tide LAR administration. Due to concern about a potential
change in consistency of the pituitary mass, the neurosur-
geon chose to administer octreotide LAR only once.

At 1 month after the octreotide LAR injection, trans-
sphenoidal surgery was performed. At surgery, right cavern-
ous sinus invasion of the adenoma was confirmed. The path-
ological findings showed a densely granulated somatotroph
adenoma. The patient's blood glucose levels decreased fur-
ther after the surgery, and the mealtime insulin was stopped.
At 3 months post surgery, the patient's basal GH and IGF-1
levels were normalized to 0.51 ng/mL and 181 ng/mL (+ 1.8
SD), respectively. The nadir GH level during 75 g oral glu-
cose tolerance test was 0.54 ng/mL. Her acromegaly was
considered to be in remission. Her visual acuities improved
(0.4 for the right eye and 0.8 for the left eye) 7 months after
surgical treatment. A fundus examination showed that mild
hard exudate remained, but the macular edema was allevi-
ated (Fig. 1). OCT showed that the serous retinal detach-
ment was absorbed and the central foveal thickness had
decreased (Fig. 1). Her HbAlc levels had been stabilized
below 7% by low doses of insulin glargine and sitagliptin
50 mg/day after surgery. Her fasting plasma glucose was
106 mg/dL, and her fasting serum CPR and IRI levels were
1.42 ng/mL (CPR-index 1.34) and 4.9 pIlU/mL (HOMA-IR
1.28), respectively, showing the improvement of her remain-
ing beta cell function and insulin resistance. Her DME still
requires intraocular injections of anti-VEGF, but her DR
has not been worsened. Her urinary albumin excretion was
markedly decreased to 19.6 mg/g creatinine.
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Fig.1 Clinical course of the patient with acromegaly complicated
with proliferative diabetic retinopathy. The time courses of the lev-
els of IGF-1 (orange line, scale on the right axis; reference range
69-198 ng/mL), HbAlc (blue line, scale on the left axis; reference
range 4.6-6.2%) and GH (green line, scale on the left axis; reference
range 0.13-9.88 ng/mL) are depicted. Fundus photographs at 1 month
after admission show retinal hemorrhages in both eyes and macular
edema with hard exudates in the right eye. The fundus photographs
are slightly hazy due to the cataracts and vitreous hemorrhage. The

Discussion

We have described a case of active acromegaly with DM
complicated with proliferative DR. The facts that the
patient had a clear family history of DM and had twice
given birth to a large infant suggest that she had type 2
DM. Her retinopathy had progressed to the advanced
stage over the recent 3 years, while her nephropathy was
mild in degree and improved by glycemic control, and her
peripheral neuropathy was stable. We conjecture that GH
hypersecretion may have induced insulin resistance and
worsened the glucose metabolism in our patient. The mul-
tivariate analyses performed to identify risk factors for

fundus photographs at 12 months post-admission show the absorption
of macular edema with mild hard exudates. Optical coherence tomog-
raphy (OCT) images at 1 month post-admission show serous retinal
detachment with increased central foveal thickness in the right eye.
OCT images at 12 months post-admission show the resolution of the
macular edema and decreased central foveal thickness. The timing of
the surgeries for cataracts (triangles), anti-VEGF treatments (squares)
for diabetic macular edema, and retinal direct laser photocoagulation
(circles) is shown

impaired glucose tolerance associated with acromegaly
showed that family history of diabetes and IGF-1 levels
were associated with hyperglycemia, and body mass index
and IGF-1 predicted insulin resistance [10]. The single
injection of octreotide LAR together with intensive insulin
therapy decreased her GH and IGF-1 levels and stabilized
her glycemic control before the trans-sphenoidal adenom-
ectomy. The rapid improvement in glycemic control after
pituitary surgery may have been due to the decrease in
GH/IGF-1. More time may be necessary to alleviate her
proliferative DR. It would be difficult to estimate to what
extent the excess GH/IGF-1 was involved in the long-term
persistence of hyperglycemia in our patient.
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The prevalence of DR in acromegaly has been reported to
be anywhere from 2.2 to 20% [2—6]. However, acromegalic
patients have shown various degrees of metabolic derange-
ment (DM), impaired glucose tolerance (IGT), and normal
glucose tolerance (NGT). We conducted a literature search
and re-analyzed the reported data. As shown in Table 1, the
calculated prevalence of DR in acromegaly associated with
DM was 12.5-42.9%, and the prevalence in acromegaly
with DM/IGT was 3.8-30%. Macular abnormalities had
been reported in 4 of 46 cases of acromegaly with DM [6].
The numbers of reported cases of proliferative and non-pro-
liferative DR were 9 and 12 cases, respectively. Persistent
hyperglycemia in patients with acromegaly may explain the
high prevalence of DR. The severe forms of DR [7-9] may
be linked to the higher prevalence of proliferative DR in
acromegaly associated with DM, or this may simply be the
result of publication bias. However, these case reports and
cross-sectional prevalence studies do not provide details on
the duration of acromegaly or diabetes, the degree of gly-
cemic control, or other diabetic complications. Therefore, a
prospective epidemiological study will be needed to deter-
mine whether DR in simple type 2 DM differs from DR in
DM associated with acromegaly in terms of the pathophysi-
ology and precise prevalence.

The pathophysiological roles of GH, IGF-1, and soma-
tostatin in DR have been extensively reviewed [11, 12].
DR-like macular edema was reported as a rare complication
of GH therapy in non-diabetic patients [13, 14]. Hypoxia-
stimulated retinal neovascularization is inhibited in mice
expressing a GH antagonist gene or in normal mice given
an inhibitor of GH secretion [15]. GH and IGF-1 modu-
late the function of retinal endothelial precursor cells and
drive retinal angiogenesis in response to hypoxia. VEGF
is an essential cytokine in hypoxia-induced proliferative
retinopathy, and IGF-1 may accompany VEGEF to stimulate
new vessel growth [16]. Treatment of ischemia-induced
mice with an IGF-1 receptor antagonist has been shown
to prevent retinal neovascularization [17]. IGF-1 can also

disrupt the blood-retina barrier and increase retinal vascular
permeability. Somatostatin is known to be anti-angiogenic
and neuroprotective for the retina [18], and two pilot stud-
ies using subcutaneous octreotide slowed the progression
of DR, decreased the need for laser treatment, and reduced
the occurrence of vitreous hemorrhages [19, 20]. However,
a randomized double-blinded placebo-controlled trial using
octreotide LAR was unable to confirm these findings in
patients with moderate-to-severe non-proliferative DR to
low-risk proliferative DR [21, 22]. Therefore, preoperative
octreotide LAR therapy may not have modulated DR in our
case.

Vitreous IGF-1 may be derived from diffusion of serum
IGF-1 or from local production, and IGF-1 levels in the vit-
reous cavity were reported to be elevated in patients with
proliferative DR compared to those in non-diabetics [23,
24]. An even higher level of vitreous IGF-1 was reported in a
patient with acromegaly with severe proliferative DR [7]. In
addition, a high IGF-1 level was observed in the sub-retinal
fluid of a diabetic patient with acromegaly who underwent
surgery for retinal detachment [25]. Normoglycemic/nor-
moinsulinemic transgenic mice overexpressing IGF-1 in the
retina developed most alterations seen in human diabetic
eye disease [26]. A paracrine effect of IGF-1 in the retina
initiated vascular alterations that progressed from non-
proliferative to proliferative retinopathy and finally retinal
detachment. We may speculate that an excessive production
of local IGF-1 and/or the breakdown of the blood-retina
barrier (which results in the diffusion of serum IGF-1 into
the vitreous cavity) may occur in acromegalic patients who
experience an accelerated progression of DR. Our patient
needed to continue anti-VEGF therapy even though GH/
IGF-1 had been decreased to normal range after remission
by the successful surgery. Since DR is associated with mul-
tiple factors, such as long-term glucotoxicities, oxidative
stress, inflammation, cytokines and growth factors [11, 16],
GH/IGF-1 is considered to one of the factors affecting non-
proliferative and proliferative DR.

Table 1 Prevalence of diabetic

. - References Acromegaly (n) DR (n) DR (%) in Macular abn
retinopathy (DR) in acromegaly Total (DM/IGT/NGT) Total (PDR/  DM/DM +IGT n (%)
associated with diabetes NPDR)
mellitus (DM) or diabetes
mlellitus +impaired glucose Amemiya et al. [2] 15 (10/0/5) 3(0/3) 30.0%/30.0% nd
tolerance (DM +1GT) Ballintine et al. [3] 44 (6/20/18) 1(0/1) 16.7%/3.8% nd

Azzoug et al. [4] 40 (40/~/1-) 5(2/3) 12.5%/- nd

Wu et al. [5] 43 (16/11/16) 4 (4/0) 18.8%/14.8% nd

Fuchtbauer et al. [6] G 26 (7/6/13) 3(0/3) 42.9%/23.1% 2(7.7%)
R 39 (39/—/-) 5(3/12) 12.8%/- 2(5.1%)
G+R 65 (46/6/13) 8 (3/5) 17.4%115.4% 4(6.2%)

abn abnormalities, DM diabetes mellitus, G Gothenberg cohort, /GT impaired glucose tolerance, n.d. not
determined, NGT normal glucose tolerance, NPDR non-proliferative diabetic retinopathy, PDR prolifera-
tive diabetic retinopathy, R Rotterdam cohort
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Our patient had advanced diabetic complications due to
the intervals required for the diagnosis of acromegaly and
her long-term hyperglycemic condition, including the treat-
ment interruption period. Our patient's pituitary surgery
resulted in a complete remission of her acromegaly and
maintained good glycemic control without worsening her
DR. The present case of acromegaly represents a model of
multimodal management in close collaboration with an oph-
thalmologist, neurosurgeon, and endocrinologist.
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