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Abstract
Purpose—To determine the incidence of full thickness macular holes in Olmsted County,
Minnesota.

Design—Population based retrospective chart review (cross sectional study).

Participants—94 eyes of 85 patients who were residents of Olmsted County, Minnesota.

Methods—A population based retrospective chart review was performed for all diagnoses of
macular hole between 1992-2002 among residents of Olmsted County, Minnesota. Yearly incidence
rates for each given age and sex group were determined by dividing the number of cases within that
group by the estimated total Olmsted County resident population of the group for that given year.

Main Outcome Measure—Documented clinical diagnosis of a macular hole.

Results—Idiopathic macular holes occur at an age and sex adjusted incidence in 7.8 persons and
8.69 eyes per 100,000 population per year in Olmsted County, Minnesota. The female to male ratio
was determined to be 3.3 to 1, and bilateral idiopathic macular holes occurred in 11.7% of patients
and accounted for 20.9% of the affected eyes.

Conclusion—This study uniquely determined the incidence of macular holes in a predominantly
Caucasian population.

Idiopathic macular holes have long been a cause of central vision loss, especially in the elderly
population. Since the early 1990s, surgical repair of macular holes has evolved allowing a
previously blinding condition to be repaired with excellent potential visual outcome.1

To date there has been no study determining the incidence of macular holes. The prevalence
of macular holes has been reported in the Beaver Dam Eye Study,2 the Baltimore Eye study,
3 the Blue Mountain Eye Study,4 the Beijing Eye Study,5 and a study in Southern India.6 In
these reports the prevalence ranges from 0.02% to 0.8%. In our investigation, the occurrence
of new macular hole diagnoses was determined to establish an incidence of this condition.
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Methods
A population based retrospective chart review was performed for all diagnoses of macular hole
between 1992 and 2002 among residents of Olmsted County, Minnesota. Institutional Review
Board approval was obtained for this study. Only patients who provided research authorization
according to Minnesota state statues were included, and all work was in accordance with the
Health Insurance Portability and Accountability Act of 1996 (HIPAA). A search for the
diagnosis of macular hole (ICD-9 362.54) was performed in the diagnostic index of the
Rochester Epidemiology Project. An initial clinical diagnosis by an ophthalmologist,
regardless of diagnostic testing, was used to define an incident case of macular hole.

The Rochester Epidemiology Project (REP) is a medical records linkage system designed to
capture data on any patient-physician encounter in Olmsted County, Minnesota. The population
of this upper Midwest community of the United States (106,470 in 1990) is relatively isolated
from other urban areas, and nearly all medical care is provided to county residents by Mayo
Clinic and Olmsted Medical Group and their affiliated hospitals.7 Patients who were not legal
residents of Olmsted County during the study time period were excluded. Records were
checked for miscoding, and any patient who was not found to have a macular hole documented
in the chart was excluded.

Data collected included the patient's age, sex, visual acuity and lens status. Due to the
retrospective nature of this study, no standardized protocol for the recording of visual acuity
or other clinical variables was used. However, the best-corrected Snellen visual acuity and
available recorded clinical data were used. Data were collected from the date of diagnosis with
a macular hole through the last visit in the medical record.

Recorded data underwent double entry, whereby two people entered the same data collected
on the data collection forms, followed by verification of the two entries against each other for
discrepancies.

Yearly incidence rates for each given age and sex group were determined by dividing the
number of cases performed within that group by the estimated total Olmsted County resident
population of the group for that given year.

Population figures for 1990 and 2000 came from United States census data, and population
figures for the intercensus years were estimated using linear interpolation. Yearly incidence
rates were compared to determine overall trends as a function of time. These incidence rates
were also age- and/or sex-adjusted to the 2000 census figures for the United States white
population, so that our data could be compared to national estimates. Trends over time, age,
and between genders were investigated using Poisson regression models.

Results
Ninety-four eyes with macular hole in 85 patients met inclusion criteria for the study. Among
these, 86 macular holes (91.5%) in 77 (90.6%) patients were idiopathic. Non-idiopathic
macular holes were attributed to the following etiologies: three occurred after retinal
detachment repair, two secondary to trauma, one after macular translocation surgery, one after
unspecified eye surgery, and one with chronic inflammation (Table 1).

Case characteristics
The mean age of patients at time of idiopathic macular hole diagnosis (n=77) was 68.6 (standard
deviation [std] d 9.1, range 47.5 – 89.6; median 68.6) years. The mean age of patients at time
of non-idiopathic macular hole diagnosis (n=8) was 45.7 (std 23.4, range 14 – 77.8; median
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43.4) years. Females accounted for 76.7% of idiopathic macular hole eyes, and 74.5% of total
macular holes. Eighty-three percent of patients were phakic, 16 % were pseudophakic, and 1
% was aphakic. Other baseline characteristics are detailed in Table 2.

Incidence
The overall age-adjusted rate of residents of Olmsted County, Minnesota between 1992 and
2002 who had a macular hole in either or both eyes was 8.5 persons per 100,000 population
per year. After adjusting for sex, the rate remained unchanged. Among females the rate was
11.6 persons per 100,000 population per year (Confidence interval [CI] 8.72-14.47) and among
males at a rate of 5.0 persons per 100,000 population per year (CI 2.86-7.15).

As expected, an idiopathic etiology was the most common cause of macular hole, which reflects
the focus of current literature on macular holes. For this reason, we performed a separate
analysis to determine the incidence of idiopathic macular holes. The age-adjusted incidence of
idiopathic macular holes in either or both eyes of residents of Olmsted County, Minnesota
between 1992 and 2002 was found to 7.8 per 100,000 population per year (CI 6.06-9.57). After
additionally adjusting for sex, the rate remained 7.8 per 100,000 population per year. Females
were affected at a rate of 10.9 per 100,000 population per year (CI 8.12-13.70), and males at
a rate of 4.3 per 100,000 population per year (CI 2.32-6.43).

A second set of analyses was undertaken to determine the incidence of macular holes,
regardless if both occurred in the same patient in bilateral cases. The age-adjusted incidence
of macular holes of any etiology in Olmsted County, Minnesota between 1992 and 2002 was
found to be 9.38 eyes per 100,000 population per year (CI 7.47-11.28). Again, adjusting for
sex in addition to age had no effect. The incidence of macular holes among females was 12.89
eyes per 100,000 population per year (CI 9.87-15.92), and in males was 5.41 eyes per 100,000
population per year (CI 3.19-7.63).

The age-adjusted incidence of idiopathic macular holes in Olmsted County, Minnesota between
1992 and 2002 was found to 8.69 eyes per 100,000 population per year (CI 6.85-10.53). Again,
adjusting for sex in addition to age had no effect. After adjusting for age and sex, the value
remained 8.69 per 100,000 eyes per year. The incidence in females was 12.21 eyes per 100,000
population (CI 9.26-15.16), and in males was 4.78 eyes per 100,000 population (CI 2.65-6.91).

The female to male ratio for idiopathic macular holes was 3.3:1. Bilateral idiopathic macular
holes accounted for 20.9% of eyes, and occurred in 11.7% of the patients; 7 of 59 females
(11.9%) and 2 of 18 males (11.1%) (p=1.0).

Discussion
The age and sex adjusted overall incidence of macular holes in Olmsted County, Minnesota
between 1992 and 2002 was found to be 9.38 eyes per 100,000 population per year. Idiopathic
macular holes were found to have an incidence of 8.69 eyes per 100,000 population per year.

Currently available epidemiologic information about macular holes focuses on prevalence and
varies widely. In the Beaver Dam Eye Study macular hole prevalence was 2.9 per 1000
(Personal communication: Moss SE and Klein R.). In the Baltimore Eye study a prevalence of
3.3 per 1000 was reported.3 In the Blue Mountains Eye Study, a prevalence of 0.02% (or 0.2
per 1000) was reported in Australia4 and a recent study from Beijing reported a prevalence of
0.09% (0.9 per 1000) eyes in a Chinese population.5 Sen and colleagues reported a prevalence
of 0.17% (1.7 per 1000) in southern India.6 Despite these data on macular hole prevalence,
there is no reliable method to estimate incidence from prevalence data.
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Consistent with other studies, macular holes were found to be more common in females (male
to female ratio of 1:2.4). However, male to female ratios vary widely across studies and ranges
from 1:1.2 (India)6 to 1:7 (China).5 Additionally, the rate of macular holes occurring bilaterally
varies across studies from 8% (India)6 to 14.3% (China),5 compared to our finding of 11.7%
in this report. The population-based approach in this study may result in more accurate
representative estimates.

Although our current study does provide new epidemiological information, it is not without
its weaknesses. The incidence rate was determined from data spanning only ten years.
Optimally a longer period of evaluation would have provided greater power to our study.
However, the reporting of macular holes before 1992 was likely imperfect and variable. Until
the advent of a standardized classification system in the late 1980s8 and successful treatment
involving vitrectomy surgery in the early 1990's,1 macular hole was likely indiscriminately
grouped with untreatable conditions of age-related macular disease. Thus, the accuracy and
incentive for reporting macular holes as a distinct entity might have been low. However, with
the availability of surgical treatment, reporting macular holes became more important,
frequent, and expected to be more reliable. Also, it is likely that patients diagnosed in
Optometrists' offices which are not part of the REP's indexing, would be referred for possible
treatment. Because of these issues, it was decided to focus the chart review on a time period
after which reliable reporting of macular holes was thought to be more likely. However, it
remains possible that macular holes were not diagnosed or simply missed by eye care providers,
both within the providers part of the REP, and by Optometrists.

Another potential weakness of the study is racial homogeneity. Because the ethnic composition
of Olmsted County is over 90% white, our results are best extrapolated to the semi-urban white
population of the United States and may not be applicable to other more diverse populations
or other racial groups. Interestingly, this study corroborates the female to male ratio of macular
holes and the rate of bilateral macular holes found previously.8-20 These latter two points
suggest that the data in this study are representative of what is already known about macular
hole epidemiology.

It must also be realized that the study period preceded the routine use of ocular coherence
tomography (OCT) as a diagnostic aid. At the inception of the current study in early 2006, not
all cases from 2003 were available due to a lag in the REP indexing. Therefore there were
insufficient years of routine OCT use available to determine an incidence for a case definition
of macular hole requiring OCT confirmation. Without the routine use of OCT, early macular
holes (stage one), which are easily diagnosed on OCT, may not have been a part of this cohort.
In this report, an incident case of macular hole was defined as a clinical diagnosis; the use of
OCT or confirmation by a retina specialist was not required. Therefore it is possible, that a
case definition requiring the use of OCT or retinal specialist confirmation, or both, to establish
a diagnosis may result in a different incidence rate of macular holes. It would be interesting to
repeat this study in the era of routine OCT use and have the case definition of macular hole
include OCT confirmation. Comparing such a study with the current one may allow assessment
of the impact of a diagnostic technology on the determined incidence of a condition.

In summary, this study of idiopathic macular holes determined an incidence rate of 7.8 persons
and 8.69 eyes per 100,000 population per year in Olmsted County Minnesota, a community
largely comprised of Caucasians of northern European heritage. Females were 3.3 times more
likely to be affected than males, while bilateral macular holes occurred in similar frequency
among men and women. This incidence information supplements epidemiological knowledge
of the estimated prevalence of macular holes.
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Table 1
Incidence of Macular Holes in Olmsted County, Minnesota (1992-2002), Adjusted for Age
and Sex

Mechanism of Hole Formation N (%) Incidence of affected eyes per 100,000 population per year (95%CI)

All 94 (100) 9.38 (7.47-11.28)

Idiopathic 86 (91.5) 8.69 (6.85-10.53)

Traumatic 2 (2.1) 0.14 (0.00-0.33)

Other* 6 (6.4) 0.54 (0.10-0.99)

*
Three patients following retinal detachment repair, one patient following macular translocation surgery with scleral imbrication, one patient after

unspecified eye surgery, and one patient with chronic inflammation.

CI=confidence interval

Ophthalmology. Author manuscript; available in PMC 2010 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

McCannel et al. Page 7

Ta
bl

e 
2

E
ye

 c
ha

ra
ct

er
is

tic
s a

t t
im

e 
of

 d
ia

gn
os

is
 o

f m
ac

ul
ar

 h
ol

e

Id
io

pa
th

ic
 m

ac
ul

ar
 h

ol
e 

ca
se

s (
n=

86
)

Se
co

nd
ar

y*
 m

ac
ul

ar
 h

ol
e 

ca
se

s (
n=

8)

M
ea

n
St

d 
D

ev
M

ed
ia

n
M

in
M

ax
M

ea
n

St
d 

D
ev

M
ed

ia
n

M
in

M
ax

Sp
h 

Eq
ui

v
+0

.1
6

1.
77

0.
00

-3
.5

0
+4

.6
3

-0
.5

6
0.

80
-0

.5
6

-1
.1

3
0.

00

V
a 

at
 D

x
20

/1
00

C
F

20
/3

0
20

/4
00

C
F

20
/1

50

V
a 

Fi
na

l
20

/1
00

C
F

20
/2

0
20

/2
00

H
M

20
/3

0

Y
ea

rs
 o

f f
ol

lo
w

 u
p

6.
0

4.
0

5.
4

0
14

4.
4

2.
9

3.
8

1.
2

9.
0

* Th
re

e 
pa

tie
nt

s s
/p

 re
tin

al
 d

et
ac

hm
en

t r
ep

ai
r, 

tw
o 

se
co

nd
ar

y 
to

 tr
au

m
a,

 o
ne

 p
at

ie
nt

 s/
p 

m
ac

ul
ar

 tr
an

sl
oc

at
io

n 
su

rg
er

y 
w

ith
 sc

le
ra

 im
br

ic
at

io
n,

 o
ne

 p
at

ie
nt

 a
fte

r u
ns

pe
ci

fie
d 

ey
e 

su
rg

er
y,

 a
nd

 o
ne

 p
at

ie
nt

 w
ith

ch
ro

ni
c 

in
fla

m
m

at
io

n.

M
in

 =
 m

in
im

um

M
ax

 =
 m

ax
im

um

St
d 

D
ev

 =
 st

an
da

rd
 d

ev
ia

tio
n

A
ge

 a
t D

x 
= 

ag
e 

at
 d

ia
gn

os
is

 o
f m

ac
ul

ar
 h

ol
e

Sp
h 

Eq
ui

v 
= 

sp
he

ric
al

 e
qu

iv
al

en
t

V
a 

at
 D

x 
= 

vi
su

al
 a

cu
ity

 a
t d

ia
gn

os
is

 o
f m

ac
ul

ar
 h

ol
e

V
a 

Fi
na

l =
 v

is
ua

l a
cu

ity
 a

t f
in

al
 d

oc
um

en
te

d 
vi

si
t

C
F=

co
un

t f
in

ge
rs

H
M

=h
an

d 
m

ot
io

n

Ophthalmology. Author manuscript; available in PMC 2010 July 1.


