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Abstract: Clinical studies of intraocular lenses (IOls) as investigational de
vices have been regulated in the United States by the Food and Drug Ad
ministration (FDA) since February 9, 1978. As of August 1982, data have been 
collected on more than one million IOls implanted. During the last 12 months 
of the study, 409,000 IOls were implanted. Visual acuity of 20/40 or better 
at one year after surgery was present in 85% of over 45,000 cases reviewed. 
Increasing patient age, surgical problems, postoperative complications, and 
adverse reactions were factors that reduced the visual acuity. The current 
trend in the USA is for implantation of the posterior chamber and anterior 
chamber IOls. [Key words: cataract, intraocular lenses, pseudophakos, U.S. 
Food and Drug Administration (FDA).] Ophthalmology 90:311-317, 1983 

Cataract is the second leading cause of existing blind
ness in the United States and, therefore, a significant 
public health problem. The use of intraocular lens (IOL) 
implantation at the time of cataract extraction has been 
increasing steadily since the early 1970s. In February 
1978, national studies of IOLs were begun under in
vestigational device exemption (IDE), approved by the 
FDA, to determine the safety and effectiveness of IOLs 
as a medical device for the correction of aphakia. 1-3 

The purpose of this report is to present information 
on the numbers, the types, and the current usage trends 
of the IOLs being implanted in the United States and 
to provide data on those lenses that have been reviewed 
by the Ophthalmic Device Section of the FDA 
Ophthalmic; Ear, Nose, Throat, and Dental Devices 
Panel of the Office of Medical Devices, and have been 
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recommended for premarket approval as being safe and 
effective. 

MATERIALS AND METHODS 

Beginning February 9, 1978, all IOL patients in the 
United States were implanted by surgeons who were 
clinical investigators under an approved IDE. Cases were 
categorized as either "CORE" or "Adjunct Safety" de
pending on the frequency of postoperative reporting 
(Table 1). Data on a minimum of500 CORE study cases 
followed for 12 to 14 months were required by the FDA 
before an IOL could be considered for premarket ap
proval. One hundred completed CORE cases were re
quired for any potentially significant modification of an 
existing IOL. Adverse reactions, sight-threatening com
plications, and surgical complications were reported by 
the physician to the manufacturer. Visual acuity results 
were provided at the standard reporting intervals. Sat
isfactorily completed premarket approval applications 
(PMAs) were reviewed in sequence. Some were delayed 
because of incomplete data. 

Data submitted to the FDA from the manufacturers 
were analyzed for clinical significance by the Ophthalmic 
Device Section, an FDA Advisory Committee. In some 
cases additional information on complications, tracking 
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Table 1. Frequency of Follow-up Visits Reported to the FDA 

Lens Accounting 
Preoperative and operative 
Adverse reactions (complications 

developing within five days) 
Postoperative 

1-6 days 
2-3 weeks 
4-8 weeks 
3-6 months 
7-11 months 
12-14 months 

Core 
Study' 

x 
X 

X 

X 
X 
X 
X 
X 

Adjunct 
Study 

X 
X 

X 

X 

X 

• CORE study cases had more detailed postoperative reporting. Five 
hundred CORE cases required for review of a new IOL. 

of cases lost to follow-up, age, type of extraction, and 
other influencing factors were requested. Attempts were 
made to account for cases lost to follow-up to insure a 
better data base. These data were reviewed and analyzed 
by both the Ophthalmic Device Section of the FDA and 
the FDA staff. During both open and closed section 
meetings the PMAs were reviewed in detail, and the 
manufacturers were given the opportunity to present 
clarifying information in the hearing or by written sub
mission at a later date. The IOL results were compared 
to a "historical" grid that was developed by summarizing 
the visual results and complications previously reported 
in the literature of cataract surgery.4-40 

If the data in the PMA provided reasonable assurance 
that the device is safe and effective for its intended use, 

the Ophthalmic Device Section recommended that the 
FDA approve the PMA. The four classes of IOLs are 
the anterior chamber (AC), iris fixation (IF), iridocap
sular (lC), and posterior chamber (PC) intraocular 
lenses. 

RESULTS 

During the 41f2 years between February 1978 and 
August 1982, 1,088,640 intraocular lenses were im
planted. Figure 1 shows the number of lenses in each 
of the four classes implanted during each six-month in
terval of the study. Between August 1978 and August 
1979, 154,000 intraocular lenses were implanted. The 
number of IOLs used has steadily increased, and during 
the last year (August 1981-August 1982), 409,000 in
traocular lenses were implanted. If one assumes that 
about 525,000 cataract operations were performed dur
ing the same 12-month period, then over 70% of all 
cataract operations were associated with IOL implan
tation. 

In 1978, the iris fixation lenses were implanted most 
frequently; but beginning in 1980 there was a decline 
in the use of those lenses, associated with a marked in
crease in the use ofpoS'ferior chamber IOLs and a mod
erate increase in the use of anterior chamber IOLs. This 
trend toward posterior chamber and anterior chamber 
IOLs is best demonstrated by plotting the percentage, 
by class, of all lenses implanted during each six-month 
time interval (Fig 2). During the first six months of the 
study, iris fixation lenses accounted for 52% of all IOLs 
implanted; anterior chamber, 25%; iridocapsular, 19%; 
and posterior chamber, 4%. With each six-month ac-
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FEB1978-AUG1982 

1,088,640 LENSES 
-- IRIDOCAPSLLAR( IC) 
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,/'// .-.- ..................... . . , 

AC .-.---- ,., 
IC ---::._-•• -<:...-___ " IF 

PC ------ --------- IC 

FEB AUG FEB AUG FEB AUG FEB AUG FEB AUG 
1978 1978 1979 1979 1980 1980 1981 1981 1982 1982 

TOTAL NO. K>t.:s 54 69 85 88 107 122 154 180 229 PER 6 ~s. 
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TOTAL NO. 1Ol's 
154 195 276 409 PER 12 MONS. 
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Fig l. Number of intraocu
lar lenses (in thousands) 
plotted for each six-month 
period since FDA study be
gan in February 1978. 



STARK, et al • FDA REPORT ON INTRAOCULAR LENSES 

Fig 2, Percentage of all in
traocular lenses implanted 
by class for each six-month 
period . 
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counting, there was a steady decline in the percentage 
of iris fixation and iridocapsular lenses, and a steady 
increase in the percentage of posterior chamber and an
terior chamber lenses being implanted. During the most 
recent six months of the study, the posterior chamber 
lenses accounted for 48% of all IOLs implanted and the 
anterior chamber lenses, 45%. The iris fixation lenses 
dropped to 6% and the iridocapsular lenses to 1 % of all 
IOLs used. Between August 1980 and February 1981, 
the posterior chamber IOL became the lens most fre
quently implanted in the United States. 

The following data are from all those IOLs that have 
been reviewed by the Ophthalmic Device Section and 
recommended as being safe and effective by July 1982. 
We are not able to provide confidential information on 
IOLs that have not been reviewed by the FDA Section 
and recommended for approval. These data represent 
information on 17 different intraocular lenses from 
seven manufacturers, which include a total of 45,543 
study cases. At the end of one year of follow-up, 84.8% 
of the 45,543 study eyes had 20/40 or better vision in 
the operated eye. Iris fixation lenses had the lowest over
all percentage of eyes with 20/40 or better, namely 

Table 2. Final Visual Acuity of 20/40 or Better after IOL Implantation 

Type of IOL 

AC' IF' IC' PC' 

Study No. % No. % No. % No. % 

Core 4170 83.5 525 80.4 1207 86.5 2524 88.0 
Adjunct 18019 83.2 259 83.4 12000 87.7 6839 83.9 

Total 22189 83.2 784 81 .4 13207 87.6 9361 85.0 

Grand total-45,541 lenses; 84.8%- 20/40 or better. 
* AC = Anterior chamber IOL; IF = Iris fixation IOL; IC = Iridocapsular 

IOL; and PC = Posterior chamber IOL. 

81.4%. Iridocapsular and posterior chamber had the 
highest percentage of patients with 20/40 or better (Ta
ble 2). 

CORE patients had the most detailed postoperative 
reporting and, therefore, were analyzed in greater detail 
(Table 3). Visual acuity results for CORE cases also 
showed a smaller percentage of the iris fixation lens cases 
achieving 20/40 or better vision. It was also apparent 
that those patients 80 years of age or older, in all four 
IOL groups, generally had poorer visual acuity. To de
termine if the difference in visual results were due to the 
intraocular lens used or to patient selection, we per
formed a best-case analysis by excluding those patients 
with pre-existing pathology such as abnormal corneas, 
glaucoma, macular degeneration, and amblyopia. For 
the best cases, all visual results were better-with 90 to 
94% of eyes achieving 20/40 acuity or better (Table 4). 
Statistically, patients receiving a posterior chamber lens 
achieved a slightly better visual acuity than those in the 
other three groups. Age appeared to be a factor in re
ducing visual outcome. In combining all of the best-case 
eyes, and excluding those with macular degeneration, 
the group of patients over the age of 80 still had a sig
nificantly smaller percentage with 20/40 or better vision 
(Table 5). 

Table 3. Final Visual Acuity of 20/40 or Better: "Core" Patients 

Type of IOL 

AC IF IC PC 
Age 

(years) No. % No. % No. % No. % 

<60 418 91.4 35 88.6 222 93.2 332 93.7 
60-69 1239 91 .0 137 88.3 391 91.8 879 90.8 
70-79 1690 81.8 229 83.4 470 84.7 919 88.6 
> 80 823 71.7 124 63.7 124 64.5 391 75.2 

Total 4170 83.5 525 80.4 1207 86.5 2521 88.0 
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Table 4. Final Visual Acuity of 20/40 or Better for Best-Case Analysis 
of Primary Implant Eyes 

Type of IOL 

AC IF IC PC 
Age 

(years) No. % No. % No. % No. % 

<60 286 95.1 21 90.5 210 94.8 286 96.9 
60-69 985 93.5 109 93.6 352 94.3 776 93.8 
70-79 1070 88.6 185 90.8 397 90.4 672 94.9 
>80 386 83.9 78 85.9 79 74.7 206 87.9 

Total 2727 90.4 393 90.6 1038 91.4 1940 94.0* 

* P < .02. 

Final visual acuity of 20/40 or better was present less 
frequently in patients with preoperative corneal disease, 
glaucoma, iritis, iris neovascularization, diabetic reti
nopathy, previous retinal detachment or, as would be 
expected, macular degeneration and amblyopia. All val
ues were statistically significant when compared to cases 
without preoperative pathology (Table 6). 

Adverse reactions that were required to be reported 
to the manufacturer were: hypopyon, acute corneal de
compensation, intraocular infection, and secondary sur
gical intervention. The incidence of each varied slightly 
among the various classes ofIOLs (Table 7). Iris fixation 
lenses had a significantly greater incidence of hypopyon 
and dislocation of the IOL. The higher incidence of hy
popyon for the iris fixation lens was related to two "hot" 
production lots, but this complication did not appear 
to reduce significantly visual outcome. A problem pe
culiar to iris fixation lenses is dislocation of the IOL that 
may increase the chances of corneal decompensation in 
the future. 

If an adverse reaction developed it was often asso
ciated with a clinically significant reduction in visual 
acuity (Tables 8, 9). Such events as corneal decompen
sation, endophthalmitis, and lens removal for corneal 
touch or inflammation seriously affected visual acuity 
results. 

Sight-threatening complications were tabulated in two 
ways: (I) "cumulative," if the complication occurred at 
any time during the first year; or (2) "persistent," if the 
complication was present at the 12- to 14-month follow-

Table 5. Final Visual Acuity of 20/40 or Better for Best-Case Analysis 
of Primary Implant Patients 

Age No. of Eyes % Patients 

<60 803 95.5 
60-69 2,224 93.7 
70-79 2,325 90.9 
>80 749 84.2* 

Total 6,101 91.8 

* P < 0.01. 
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Table 6. Final Visual Acuity of 20/40 or Better: Percentage 
for Core Patients with Preoperative Pathology* 

Pathology No. % 

Corneal disease 505 75.2 
Glaucoma 501 72.1 
History of iritis 22 63.6 
Iris neovascularization 3 33.3 
Diabetic retinopathy 32 75.0 
Previous retinal detachment 17 70.6 
Macular degeneration 665 64.4 
Amblyopia 30 56.7 

* All percentages were significant (P < 0.02) compared to best-case 
analysis (91.8%). 

up visit. Clinically significant "cumulative" sight-threat
ening complications-such as hyphema, secondary 
glaucoma, macular edema, and pupillary block-de
veloped in a higher percentage of anterior chamber and 
iris fixation IOL cases. The iris fixation lenses also had 
a higher incidence of lens dislocation (Table 10). 

Clinically significant "persistent" sight-threatening 
complications-such as corneal edema, secondary glau
coma, and macular edema-developed more frequently 
in the anterior chamber and the iris fixation lens cases 
(Table 10). 

Final visual acuity was affected adversely if the patient 
had a sight-threatening complication. If none of the 
sight-threatening complications developed, 88% ?~ all 
the core study eyes achieved 20/40 or better VISIOn. 
However, the number with 20/40 or better acuity 
dropped to 72% if a sight-threatening complication de
veloped during the year. Only 42.5% of those eyes that 
had persistent corneal edema, iritis, or macular edema 
achieved 20/40 or better vision (Table 11). 

Surgical problems were reported more frequently for 
anterior chamber lenses (14% vs 9% for the other IOLs). 
This may reflect the tendency to implant the anterior 

Table 7 Incidence of Adverse Reactions: Core Study (8597 Eyes) 

Adverse Reaction 

Hypopyon 
Acute corneal decompensation 
Intraocular infection 
Secondary surgical intervention: 

Iridectomy for pupillary block 
Vitreous aspiration for pupillary block 
Repositioning of lens 
Lens suturing 
Loop amputation for corneal touch 
IOL removal for corneal touch 
IOL removal for inflammation 
IOL replacement 
Corneal transplant 

% Patients 

0.4 (IF, 2.2)* 
0.2 
0.1 

0.3 
<0.1 

0.8 (IF, 2.8)' 
0.2 

<0.1 
0.1 
0.1 
0.2 
0.1 

* Iris fixation lenses had a Significantly greater incidence than other 
lenses only for hypopyon and repositioning of lens. No other statistically 
significant difference among different IOL classes was present. 
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Table 8. Final Visual Acuity of 20/40 or Better for Patients 
with "Adverse Reaction" 

Type of IOL * 

AC TP PC 

Adverse Reaction No. % No. % No. 

Hypopyon 9 67 16 88 2 
Corneal 

decompensation 13 31 5 20 2 
Infection 7 29 1 
Secondary surgery 68 56 48 81 25 

Total 96 47 69 78 30 

Grand total-195 adverse reactions; 62%-20/40 or better. 

% 

50 

0 
100 
76 

70 

* IOL = intraocular lens; AC = anterior chamber; TP combines iris 
fixation and iridocapsular lenses; PC = posterior chamber. 

chamber lens when surgical problems prevented use of 
one of the other types of IOL. Surgical problems also 
tended to reduce final vision. Specifically, posterior cap
sular rupture for the anterior chamber lens, and vitreous 
loss for the anterior and posterior chamber lenses were 
associated with a statistically significant reduction in 
visual acuity (Table 12). 

The resqlts of intracapsular vs extracapsular cataract 
extraction (ICCE vs ECCE) for the anterior chamber 
IOLs were evaluated. The analysis was complicated in 
that the ECCE group may have contained cases in which 
the anterior chamber lens was used as a "back-up" lens 
after vitreous loss or inadvertent rupture of the posterior 
capsule. A slightly lower percentage of cases in the ECCE 
group achieved 20/40 or better vision (Table 13), but 
the difference was not statistically significant. Postop
erative macular edema occurred more frequently with 
ECCE than with ICCE (10% with ECCE vs 7% with 
ICCE, P < 0.05). Other postoperative complications 
were not significantly different among the four IOL types 
(Table 14). 

For secondary IOL implantation, a best-case analysis 

Table 9. Overall Final Visual Acuity of 20/40 or Better for IOL Patients 
with Adverse Reactions 

Adverse Reaction No. % 

Hypopyon 27 77.8 
Acute corneal decompensation 20 25.0 
Intraocular infection 8 37.5 
Secondary surgical intervention: 

Iridectomy for pupillary block 22 81.8 
Vitreous aspiration for pupillary block 4 75.0 
Repositioning of lens 55 74.5 
Lens suturing 18 88.9 
Loop amputation for corneal touch 2 None 
IOL removal for corneal touch 6 33.3 
IOL removal for inflammation 9 44.4 
IOL replacement 4 71.4 
Corneal transplant 11 36.4 

Table 10. Core Study Sight-Threatening Complications (%) 

IOL * Type 

AC IF IC PC 

"Cumulative" (0 to 12 months) 

Number of eyes 3587 538 1213 2703 
Macular edema 8.0% 6.3% 2.8% 3.5% 
Secondary glaucoma 5.5 4.3 0.7 1.6 
Hyphema 4.9 3.2 2.6 1.0 
Lens dislocation 0.2 5.6 1.1 0.4 
Pupillary block 0.8 0.6 0.2 0.3 
Retinal detachment 0.9 0.4 0.2 0.5 
Endophthalmitis 0.1 0.2 0.0 0.0 

"Persistent" (at one year) 

Number of eyes 4132 538 1213 2465 
Macular edema 2.2% 2.4% 0.3% 0.8% 
Secondary glaucoma 1.2 0.9 0.1 0.5 
Hyphema 0.1 0.0 0.1 0.3 
Iritis 1.2 0.9 0.4 1.0 
Corneal edema 1.2 1.5 0.6 0.6 
Cyclitic membrane 0.1 0.2 0.0 0.0 
Vitritis 0.1 0.2 0.1 0.1 

* IOL = intraocular lens; AC = anterior chamber; IF = iris fixation; 
IC = irido capsular; PC = posterior chamber. 

(excluding preoperative pathology) showed similar post
operative acuity compared to primary lens implant cases 
(Table 15). However, if an eye had 20/40 or better before 
secondary anterior chamber lens implantation, there 
was a 10.4% chance of having less than 20/40 best-cor
rected vision after secondary lens implantation (Ta
ble 16). 

Table 11. Final Visual Acuity of 20/40 or Better in Group 
with "Sight-threatening" Complications 

None 

At any time (0 to 12 months) 
Hyphema 
Macular edema 
Secondary glaucoma 
Pupillary block 
Retinal detachment 
Vitritis 
Cyclitic membrane 
Endophthalmitis 
IOL * dislocation 

At one year (persisting) 
Corneal edema 
Iritis 
Macular edema 

* IOL = intraocular lens. 

No. % 

2253 

258 
498 
308 

39 
56 

22 

64 

69 
78 

135 

88.1 

82.9 
65.7 
81.8 
79.5 
33.9 
63.3 
50.0 
25.0 
82.8 
72.2 

43.5 
59.0 
32.6 
42.5 
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Table 12. Final Visual Acuity of 20/40 or Better for Patients with 
and without Surgical Problems 

IOL' Type 

AC PC IF & IC 

No. % No. % No. % 

Without surgical 
problems 

With surgical 
problems 

3693 84.0 1510 88.2 1597 85.0 

515 80.2t 135 79.3 139 82.7 
(14%) (9%) . (9%) 

• IOL = intraocular lens; AC = anterior chamber; PC = posterior 
chamber; IF = iris fixation; IC = iridocapsular. 

t P < 0.04 for effect of capsule rupture (A C) and "other" problems 
(AC & PC) including vitreous loss. 

Table 13. Final Visual Acuity of 20/40 or Better: By Method 
of Cataract Extraction 

Method 

ICCE' 
ECCE 

No. 

3056 
511 

AC IOL 

% 

86.2 
83.0 

• ICCE = intracapsular extraction; ECCE = extracapsular extraction. 

Table 14. Sight-Threatening Complications with Anterior Chamber 
IOL': Versus Methods of Cataract Extraction 

Complication ECCE (No. = 489) ICCE (No. = 3066) 

"Cumulative" (0 to 12 months) 
Macular edema 10.0t 7.4t 
Retinal detachment 1.8 0.9 
Lens dislocation 0.4 0.4 

"Persistent" (at one year) 
Macular edema 2.7 1.9 
Iritis 1.0 1.4 

• IOL = intraocular lens; ECCE = extracapsular extraction; ICCE 
= intracapsular extraction. 

t p < 0.05. 

Table 15. Final Visual Acuity of 20/40 or Better (Best-Case Analysis) 

10L * Type 

AC IF IC PC 

No. % No. % No. % No. % 

Primary 2727 90.4 393 90.6 1038 91.5 1944 94 
Secondary 350 88.6 none none 33 94 

* 10L = intraocular lens; AC = anterior chamber; IF = iris fixation; IC = iri
docapsular; PC = posterior chamber. 
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Table 16. Anterior Chamber Lens Secondary 
Implantation Best Case Analysis 

20/40 or better preoperative acuity = 328 cases; 
20/40 or better postoperative acuity = 294 cases (89.6%); 

Thus, a 10.4% chance of losing a previous level of 
20/40 or better with secondary IOL.· 

• IOL = intraocular lens. 

DISCUSSION 

Data from the FDA studies on IOLs are being eval
uated to determine the safety and efficacy of intraocular 
lenses as a medical device for the correction of aphakia. 
The lenses that have been recommended for approval 
by the Ophthalmic Device Section of the FDA appear 
safe and effective as compared to the results of cataract 
surgery without intraocular lens implantation.4

-
4o 

Sight-threatening complications, such as hyphema, 
secondary glaucoma, macular edema, and pupillary 
block, developed in a higher percentage of anterior 
chamber and iris fixation IOL cases. These problems 
may have been partially related to manufacturing tech
niques or sterilization methods and appear to have been 
corrected. Also, both types of IOLs are used as "back
up lenses" when complications at the time of surgery 
prevent the use of the posterior chamber or iridocapsular 
IOLs. The iris fixation lenses also had a higher incidence 
of lens dislocation. This complication may increase the 
chances of later corneal decompensation. 

Visual acuity results at one year are good, with 85% 
of IOL cases overall achieving 20/40 or better acuity. 
Best-case analysis (excluding those with preoperative 
pathology and postoperative macular degeneration) 
shows that over 90% of all cases achieved 20/40 or better 
visual acuity. Statistically, the posterior chamber IOLs 
give significantly better visual acuity results than the 
other three types of IOLs (P < 0.02). This may partly 
be the result of better case selection and the tendency 
of the surgeon to switch to the use of an anterior cham
ber or iris fixation lens if significant complications de
velop at the time of ECCE. 

Manufacturers of approved lenses have established 
telephone numbers to facilitate continued reporting of 
adverse reactions that may be lens related. In addition, 
late onset complications of IOLs are being evaluated in 
the results from the academic and private-practice com
munities. These findings will guide the decisions and 
control the trends in IOL implantation. 

CONCLUSION 

More than one million intraocular lenses have been 
implanted during the first 41f2 years of the FDA study, 
and 409,000 IOLs were implanted during the last 12 
months. Forty-five thousand cases with one-year follow
up examinations showed a postoperative visual acuity 
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of 20/40 or better in 85% of cases. Increasing age, pre
existing ocular pathology, surgical problems, and ad
verse reactions and complications, such as corneal 
edema and macular edema, had an unfavorable effect 
on visual outcome. The current trend in the United 
States is for implantation of anterior chamber or pos
terior chamber intraocular lens. To qate, 17 lenses from 
seven manufacturers have been reviewed by the 
Ophthalmic Device Section of the Food and Drug Ad
ministration and have been recommended as being safe 
and effective. 
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