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Abstract

Objective: Delaying cataract surgery is associated with an increased risk of falls, but it is 

unknown whether routine preoperative testing delays cataract surgery long enough to cause 

clinical harm. We sought to determine whether the use of routine preoperative testing leads to 

harm in the form of delayed surgery and falls in Medicare beneficiaries awaiting cataract surgery.

Design: Retrospective observational cohort study using 2006-2014 Medicare claims

Participants: Medicare beneficiaries age 66+ with a CPT claim for ocular biometry

Methods: We measured the mean and median number of days between ocular biometry and 

cataract surgery, calculated the proportion of patients waiting >30 days or >90 days for surgery, 

and determined the odds of having a fall within 90 days of biometry among patients of 

high-testing physicians (testing performed in ≥75% of their patients) compared to patients of 

low-testing physicians. We estimated the number of days of delay attributable to high-testing 

physicians relative to other factors that may determine surgical scheduling.

Main Outcome Measures: Incidence of falls occurring between biometry and surgery, odds of 

falling within 90 days of biometry, and estimated delay in days associated with physician testing 

behavior .

Results: Of 248,345 beneficiaries, 16.4% were patients of high-testing physicians. More patients 

of high-testing physicians waited >30 days and >90 days to have cataract surgery (31.4% and 

8.2% versus 25.0% and 5.5%, respectively, p<0.0001 for both). Falls before cataract surgery in 

patients of high-testing physicians increased by 43% within the 90 days following ocular biometry 

(1.0% vs 0.7%, p<0.0001). The adjusted odds ratio of falling within 90 days of biometry in 

patients of high-testing physicians versus low-testing physicians was 1.10 (95% CI 1.03-1.19, 

p=0.008) After adjusting for surgical wait time, the odds ratio decreased to 1.07 (95% CI 

1.00-1.15, p=0.06). The delay associated with having a high-testing physician was approximately 

8 days (estimate 7.97, 95% CI 6.40-9.55, p<0.0001). Other factors associated with delayed surgery 

included patient race (non-white), northeast geographic region, ophthalmologist age≤40, and low 

surgical volume.

Conclusions: Overuse of routine preoperative medical testing by high-testing physicians is 

associated with delayed surgery and increased falls in cataract patients awaiting surgery.

PRECIS
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Patients of high-testing physicians waited longer for cataract surgery and had 1.10 higher odds of 

falling while awaiting surgery after adjusting for age, sex, race, and health status.

Over 3.7 million cataract surgeries are performed annually in the United States,1 and 

approximately 80% of the patients undergoing cataract surgery are covered by Medicare.2 

The two key components of modern cataract surgery—the surgical extraction of the clouded 

lens and the simultaneous correction of any baseline refractive error—dramatically improves 

patients’ postoperative visual acuity as well as their ability to perform activities of daily 

living.3-5 More importantly, cataract surgery has been shown to reduce the incidence of 

significant harms in cataract patients who undergo the procedure. Examples of the harms 

avoided by undergoing timely cataract surgery include a halving of the rate of motor vehicle 

accidents during a multiyear follow-up period compared to patients with cataract disease 

who did not have surgery;3 a reduction in the risk of hip fracture during the first 12 months 

after surgery (adjusted odds ratio of 0.84 compared to patients with a cataract diagnosis 

who did not have cataract surgery);6 and a 34% decrease in the fall rate of patients who 

had cataract surgery within 6 weeks versus patients who waited at least 6 months for 

the procedure.7 In light of these data, the vast literature on the safety of cataract surgery, 

and its efficacy in correcting the vision loss associated with senile cataract, it is generally 

recommended that surgical delays be avoided.4,7

According to clinical guidelines, routine preoperative medical testing is not necessary in 

advance of cataract surgery8-10 because it neither decreases the incidence of perioperative 

adverse events nor improves cataract surgery outcomes.11,12 However, testing still occurs 

frequently in anticipation of this low-risk procedure.13-15 In 2011, 53% of Medicare 

beneficiaries underwent at least one routine preoperative test within 30 days before their 

first cataract surgery.14 This finding that approximately half of Medicare cataract surgery 

patients were undergoing routine preoperative testing was unchanged from a similar 

study that reviewed Medicare claims from the late-1980’s, before current guidelines were 

established.13 If a patient undergoes unnecessary testing, even if no abnormality is found, 

surgery is delayed due to the time it takes to undergo testing and await the results of those 

tests. Since cataract surgery is usually indicated at the point that the disease impacts vision 

enough to compromise activities of daily living, delays in surgical scheduling—arising from 

unnecessary preoperative testing or for other reasons—prolong the period during which 

these patients with poor vision are at an increased risk of falls and the serious injuries (such 

as hip fracture) that can result.3-7 To our knowledge, no study has evaluated the impact of 

routine preoperative testing on the risk of falling in cataract patients awaiting surgery.

Our prior work showed that the strongest predictor of which patients undergo routine 

preoperative testing is the identity of the ophthalmologist, which we used as a proxy 

for the group of physicians managing the preoperative medical work up.14 Individual 

physician practice patterns vary in that some physicians always order routine preoperative 

testing, and others rarely do.14 We hypothesized that patients of physicians who frequently 

order preoperative tests (“high-testing physicians”) are more likely to experience delayed 

surgery and fall-related injuries compared to patients of physicians who do not (“low-testing 

physicians”). Using a 5% sample of Medicare claims from 2006 to 2014, we sought to 
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determine whether a physician’s decision to order routine preoperative tests before cataract 

surgery caused harm to patients in the form of surgical delay and fall-related injuries while 

awaiting surgery. To accomplish this, we measured the time between ocular biometry (a 

diagnostic procedure performed in cataract patients when the ophthalmologist has made 

the decision to operate)16,17 and cataract surgery.15 We determined whether patients of high­

testing physicians had a longer time interval between biometry and surgery than patients of 

low-testing physicians. We then examined whether patients of high-testing physicians had a 

higher risk of fall in the 90 days after ocular biometry.

METHODS

This study was approved by the University of California, San Francisco and the San 

Francisco Veterans Affairs Medical Center (IRB#1415035).

Data source

We obtained research identifiable files from the VA Information Resource Center for a 5% 

sample of Medicare beneficiaries. For each beneficiary, we obtained Outpatient, Carrier, 

MedPAR, and Master Beneficiary Summary files representing all claims from January 1, 

2006 through December 31, 2014.

Study cohort

We identified Medicare beneficiaries with a claim for ocular biometry using CPT18 codes 

(76516, 76519, 92136) between 2007-2013. We included patients aged 66+ who were 

enrolled in the Medicare fee-for-service program, without a concurrent HMO plan, and had 

at least 12 months of eligibility before and after their initial biometry claim. We excluded 

patients with CPT codes or ICD-9-CM19 diagnosis codes indicating that they had already 

had cataract surgery between 2006 and their first biometry claim (66982-66984; V43.1, 

V45.61, 379.31). In patients with multiple biometry claims, we assumed that the first claim 

signaled the earliest indication that an ophthalmologist had planned to schedule cataract 

surgery.

Index surgery

We defined each beneficiary’s cataract surgery date as the first date of a claim submitted by 

an ophthalmologist for routine cataract surgery (CPT codes 66982-66984) appearing after 

the first biometry claim. Only cataract surgery on the first eye (the “index surgery”) was 

included for each patient.

Baseline characteristics

For each patient, we examined characteristics including age, sex, race, and health status 

using the Quan modification of the Charlson Comorbidity Index.20

Definition of high-testing physician

To assess physician preoperative testing behavior, we assigned the operating 

ophthalmologist to represent the group of physicians (e.g., the ophthalmologist, primary 

care physician, and anesthesiologist) responsible for managing the patient’s preoperative 

Chen et al. Page 4

Ophthalmology. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



evaluation.14 Using only ophthalmologists who performed ≥10 cataract surgeries between 

2007-2013, we stratified physicians into two groups. Ophthalmologists who carried out 

routine preoperative testing in ≥75% of their patients in the 30 days before surgery were 

categorized as “high-testing physicians.” All other ophthalmologists were designated as 

“low-testing physicians.” The preoperative tests used to stratify ophthalmologists are listed 

in eTable 1 (available at http://www.aaojournal.org).

Definition of falls and fall-related injuries

We applied the 4-step fall algorithm described by Kim et al. to identify falls and fall-related 

injuries.21,22 Briefly, the algorithm uses Medicare claims to improve the ability to detect 

unique fall episodes among Medicare patients by hierarchically organizing different types of 

claims submitted for a range of fall-related injuries into distinct fall events. The claims 

we reviewed to identify falls included the Medicare MedPAR, Outpatient and Carrier 

Files, which the authors demonstrated were adequate to identify the vast majority of fall 

episodes that occurred among Medicare patients.22 Fall-related injuries were grouped into 

the following broad categories: head injury, hip fracture, other fracture, and joint dislocation. 

Patients who had more than one type of injury were assigned to the injury group with the 

highest severity.

Statistical analysis

Statistical analyses were performed using SAS version 9.3 (SAS Institute Inc, Cary, NC).

Descriptive statistics were used to describe the baseline characteristics of all patients who 

had a biometry claim during the study period, as well as patients stratified by physician 

testing behavior. Chi-squared tests were used to assess differences in categorical variables, 

and Student’s t-tests were used for continuous variables. We measured the number of 

days between a patient’s first biometry claim and index cataract surgery claim. Patients 

whose cataract surgery occurred more than 360 days after biometry or who did not have 

a surgery claim following biometry were assigned an interval of 360 days. We determined 

the mean and median number of days between biometry and surgery and the percent of 

patients having cataract surgery within 30 days, 31-60 days, 61-90 days and greater than 

90 days of biometry. We calculated the incidence of having a fall within 90 days after the 

biometry claim as well as the incidence of falls that occurred after biometry but prior to 

the date of surgery. We described the incidence of fall-related injuries grouped in order of 

decreasing severity as follows: head injury, hip fracture, other fracture, and joint dislocation. 

To determine the association of routine preoperative testing and falls in patients during 

the 90 days following ocular biometry, we created a logistic regression model to account 

for patient characteristics, physician preoperative testing behavior, and timing of surgery in 

relation to ocular biometry. To confirm that the association of routine preoperative testing 

and falls while awaiting surgery was not a reflection of other underlying differences between 

patients of high-testing and low-testing physicians, we created a second multivariate logistic 

regression model to assess whether having a high-testing physician was associated with an 

increased risk of falls in the 360 days preceding biometry. Finally, we created a multiple 

linear regression model to determine how physician testing behavior might impact the 

timing of surgery in the context of other factors that might influence surgical scheduling. 
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Instead of falls, our primary outcome of interest in this model was the number of days 

between biometry and surgery. For this model only, patients were analyzed using the actual 

number of days that elapsed between biometry and surgery, while patients who did not have 

a surgery claim following biometry were assigned an interval of 365 days.

RESULTS

We identified 248,345 patients meeting inclusion criteria; 40,829 (16.4%) were patients 

of high-testing physicians (n=1,513), while 207,516 (83.6%) were patients of low-testing 

physicians (n=5,445) (Table 1). Patients of high-testing physicians were slightly older, more 

likely to be female, non-white, and have poorer health status (p<0.0001 for all), although 

the vast majority of patients had a Charlson score of 0 or 1 (72.0% vs 74.9% of low-testing 

physicians, respectively). The mean and median number of days between biometry and 

surgery in patients of high-testing physicians was 54.3 days and 21.0 days, respectively, 

compared to 41.2 days and 16.0 days in patients of low-testing physicians.

Fewer patients of high-testing physicians underwent surgery within 30 days of biometry 

compared to patients of low-testing physicians (64.6% vs 72.4%, p<0.0001, Figure 1). 

Correspondingly, more patients of high-testing physicians waited longer than 30 days 

(31.4% vs 25.0%) and 90 days (8.2% vs 5.5%) after biometry to undergo surgery. 

Approximately 4.0% of patients of high-testing physicians did not have any claim for 

cataract surgery during the study period compared to 2.6% of patients of low-testing 

physicians (p<0.0001 for all).

When we assessed the incidence of falls stratified by physician testing behavior, we found 

that 2.2% of patients of high-testing physicians experienced at least one fall within 90 days 

after biometry, compared to 2.0% of patients of low-testing physicians, regardless of the 

timing of cataract surgery (p=0.0002, Figure 2a). In other words, there was a 10% increase 

in fall events in patients of high-testing physicians in the 90 days following ocular biometry. 

Fall-related injuries were also more common among patients of high-testing physicians 

during this period, including head injury (0.07% vs 0.06%), hip fracture (0.33% vs 0.27%), 

other fracture (1.4% vs 1.2%), and joint dislocation (0.5% vs 0.4%, p<0.003 across all injury 

categories).

When we focused on falls that occurred before cataract surgery was performed (still within 

90 days after biometry), there was a 43% increase in fall events in patients of high-testing 

physicians (1.0% vs 0.7%, p<0.0001, Figure 2b). The overall incidence of fall-related 

injuries occurring before cataract surgery was lower than the incidence of injuries occurring 

during the full 90-day period following biometry. However, with the exception of head 

injury (0.02% vs 0.02%), the difference in the incidence of fall-related injuries between 

the two groups remained consistent and statistically significant (p<0.0001 across all injury 

categories).

The unadjusted odds ratio of having a fall within 90 days after biometry for patients of 

high-testing physicians compared to low-testing physicians was 1.15 (95% CI 1.07-1.24, 

p=0.0002, Table 2). When we adjusted for patient characteristics including age, sex, race, 
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and health status, the odds of having a fall remained higher in patients of high-testing 

physicians (AOR 1.10 (95% CI 1.03-1.19, p=0.008). After accounting for the elapsed time 

between biometry and surgery, the odds of having a fall in patients of high-testing physicians 

decreased to 1.07 (95% CI 1.00-1.15, p=0.06). We found no difference in the odds of 

falling during the 360 days preceding biometry in patients of high-testing vs low-testing 

physicians (AOR 1.03, 95% CI 0.99-1.08, p=0.11, eTable 2) after adjusting for the same 

patient characteristics that we included in our primary model (i.e., age, sex, race, and health 

status). In our multiple linear regression model, after adjusting for patient, ophthalmologist, 

and health system characteristics, we found that having a high-testing physician increased 

the number of days between biometry and surgery by approximately 8 days compared 

to having a low-testing physician (estimate 7.97, 95% CI 6.40-9.55, p<0.0001, eTable 3). 

Other factors associated with a longer interval between biometry and surgery included race 

(8.94 and 7.14 additional days for black and other/unknown patients, respectively, compared 

to white patients), receiving care in the Northeast region (10.19 to 13.02 additional days 

compared to other regions), being cared for by a younger ophthalmologist (9.83 additional 

days for ≤40 versus ≥61 years old), lower annual surgical volume (5.63 additional days 

in lowest quartile compared to highest quartile), and surgical setting (2.29 additional days 

for hospital outpatient department compared to ambulatory surgery center). All of these 

comparisons were statistically significant. (eTable 3).

DISCUSSION

In this first ever study of the impact of routine preoperative medical testing on delayed 

surgery and fall events in Medicare beneficiaries awaiting cataract surgery, we found that 

patients of high-testing physicians wait longer for surgery and experience more falls and 

fall-related injuries than patients of low-testing physicians.

Despite guidelines stating that routine preoperative testing is not necessary before cataract 

surgery,8-10,23 such testing is frequently performed in these older adults,13-15 and many 

physicians order tests on nearly all of their patients regardless of clinical indication.14 

However, aside from the inconvenience to patients and the cost to patients and Medicare, 

it was not previously known whether routine preoperative testing caused clinical harm. 

Although the magnitude of effect of having a high-testing physician was limited compared 

to some of the other risk factors for falling that we accounted for in our analysis, our study 

still demonstrates that patients of high-testing physicians experience more falls and fall­

related injuries during the brief but potentially avoidable surgical delay that accompanies 

the deployment of routine preoperative testing. The lack of association between physician 

testing behavior and falls in the 360 days preceding biometry supports our hypothesis that 

the falls that occur after a patient begins preparing for surgery are associated with the routine 

use of preoperative testing, rather than from other underlying differences in patients of 

high-testing physicians compared to patients of low-testing physicians.

Fall-related injuries in older adults are a major public health concern because of their 

prevalence, the associated morbidity and mortality, and their cost to the healthcare 

system.24,25 The link between routine preoperative testing, surgical delays, and falls is 

strengthened by our finding that there is an estimated difference in time to surgery of 
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approximately 8 days between patients of high-testing and low-testing physicians after 

adjusting for other factors that may impact surgical scheduling. However, we found that 

factors such as patient race, geographic region, ophthalmologist age, surgical volume and 

surgical setting also play a role in determining the timing of surgery in relation to biometry. 

Since our study did not directly evaluate the association between these other factors and 

the risk of falls, we cannot give definitive recommendations regarding the ideal timing of 

cataract surgery that would best minimize fall risk. Nevertheless, given the mechanism by 

which we believe routine preoperative testing contributes to falls in this patient population, 

we can extrapolate that any reduction in the duration of time a patient awaits cataract 

surgery has the potential to help lower the risk of falls that can arise from the visual 

disturbances caused by advanced cataract disease. This includes the elimination of surgical 

delays attributable to the time spent undergoing routine preoperative testing or managing 

the incidental findings that sometimes result from performing unnecessary tests, as well as 

expediting other aspects of surgical scheduling to allow patients to undergo surgery as soon 

as possible once the decision to proceed with surgery has been made.

There are many reasons that routine preoperative testing persists in this patient population. 

Most cataract patients are of advanced age and have multiple coexisting chronic illnesses. 

As a result, many providers have concerns about patient safety as well as worries about 

the medicolegal risks of not performing a thorough preoperative evaluation.13,26 Attitudes 

towards preoperative testing itself also perpetuates its continued use: for the most part, both 

doctors and patients consider routine preoperative testing to be a harmless intervention, aside 

from the time, inconvenience, and cost borne by patients who have to undergo “preoperative 

clearance.”27 Finally, patients undergoing surgery at ambulatory surgery centers (ASC) were 

historically required by the Centers for Medicare and Medicaid Services (CMS) to have a 

history and physical performed by a physician within the 30 days preceding surgery, which 

was often accompanied by cardiac and laboratory testing. With the recent change to allow 

ASCs to customize history and physical requirements according to the expected risk of the 

planned procedure or the underlying health risks of the surgical patient, combined with 

the evidence for potential harm arising from routine preoperative medical testing presented 

in our current study, we anticipate that the use of routine testing among cataract surgery 

patients will continue to fall.28

This study has several limitations. First, we used retrospective data relying on a surrogate 

marker (ocular biometry) to determine the timing of surgical delay. Although we have 

previously shown that biometry can accurately reflect the start of a surgical episode of 

care,15 in actual clinical practice, the timing of cataract surgery in relation to biometry 

may vary depending on when the biometry claim was submitted by the ophthalmologist. In 

addition, our study did not account for all the factors that may be associated with delays in 

surgical scheduling. Variables such as patient preference, unexpected illness, and operating 

room availability may also play a role in determining the timing of surgery in relation 

to biometry. Second, our study only assessed Medicare cataract surgery patients, which 

may limit the generalizability of our findings to non-Medicare patients. Other limitations 

related to the use of administrative claims data, including the inability to assert causality 

because of the retrospective observational study design, also apply. Third, we categorized 

physicians according to their use of routine preoperative testing in the 30 days prior to 
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surgery. Some of these tests could have been ordered for reasons other than for routine 

preoperative testing, and therefore physicians may have been miscategorized. In addition, 

since we were working with a 5% sample of Medicare beneficiaries, the routine preoperative 

testing behavior of each physician was assessed across multiple years (in contrast to the 

single year of data we used in our prior work).14 However, based on current preoperative 

testing guidelines, we feel confident that physicians who test 75-100% of their cataract 

patients are demonstrating overuse of routine preoperative medical testing. Fourth, Kim’s 

algorithm to detect fall events has not been externally validated, and patients with minor falls 

may not present to medical care. However, we found this algorithm to be the most robust 

methodologic approach available in the literature to detect fall events using Medicare claims 

data.21,22 Finally, although the falls themselves could have delayed surgery in patients of 

high-testing physicians, since the incidence of falls was rare, this would not fully explain the 

difference in surgical wait time between the two groups.

In conclusion, we found that patients of high-testing physicians are more likely to 

experience delayed surgery and falls while awaiting cataract surgery compared to patients 

of low-testing physicians. This is the first study to show that a physician’s decision to 

order routine preoperative testing is associated with clinical harm. This study reinforces the 

importance of following longstanding guidelines that recommend that patients should not 

undergo routine preoperative testing prior to cataract surgery.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Percent of patients waiting for surgery, stratified by physician testing behavior
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Figure 2a. Falls and fall-related injuries within 90 days of biometry, stratified by physician 
testing behavior1,2

1) Falls in Figure 2a occurred before or after surgery, within 90 days of biometry.

2) n=40,829 and 207,516 for patients of high-testing physicians and low-testing physicians, 

respectively.
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Figure 2b. Falls and fall-related injuries within 90 days of biometry that occurred prior to 
cataract surgery, stratified by physician testing behavior1,2

1) All Falls in Figure 2b occurred before surgery, within 90 days of biometry.

2) n=40,829 and 207,516 for patients of high-testing physicians and low-testing physicians, 

respectively.
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Table 1:

Baseline characteristics of patients, stratified by physician testing behavior
1,2

All patients
(n=248,345)

Patients of low-
testing physicians

(n=207,516)

Patients of high-
testing physicians

(n=40,829)
p-value

Age <0.0001

  66-70 52,166 (21.0%) 44,711 (21.5%) 7,455 (18.3%)

  71-75 66,884 (26.9%) 56,657 (27.3%) 10,227 (25.1%)

  76-80 63,601 (25.6%) 52,974 (25.5%) 10,627 (26.0%)

  80+ 65,657 (26.4%) 53,141 (25.6%) 12,516 (30.7%)

Sex <0.0001

 Male 89,292 (36.0%) 75,087 (36.2%) 14,205 (34.8%)

 Female 159,053 (64.0%) 132,429 (63.8%) 26,624 (65.2%)

Ethnicity <0.0001

 White 219,521 (88.4%) 184,680 (89.0%) 34,841 (85.3%)

 Black 11,927 (4.8%) 9,731 (4.7%) 2,196 (5.4%)

 Other 16,897 (6.8%) 13,105 (6.3%) 3,792 (9.3%)

Charlson comorbidity index <0.0001

 0-1 184,935 (74.5%) 155,532 (74.9%) 29,403 (72.0%)

 2 27,460 (11.1%) 22,627 (10.9%) 4,833 (11.8%)

 3+ 35,950 (14.5%) 29,357 (14.1%) 6,593 (16.1%)

Time between biometry and surgery

 Mean +/− SD (in days) 43.3 +/−80.9 41.1 +/−78.4 54.3 +/−92.2 <0.0001

 Median (in days) 17 16 21

   <30 days 176,538 (71.1%) 150,147 (72.4%) 26,391 (64.6%) <0.0001

   31-60 days 39,637 (16.0%) 32,251 (15.5%) 7,386 (18.1%)

   61-90 days 10,305 (4.1%) 8,230 (4.0%) 2,075 (5.1%)

   >90 days 21,865 (8.8%) 16,918 (8.2%) 4,977 (12.2%)

1)
To account for outliers, patients whose claim for surgery was more than 360 days after biometry (n=5,096) or who did not have a claim for 

surgery within 360 days of biometry (n=7,108) were assigned as having surgery at 360 days.

2)
All physicians (n=6,958); high-testing physicians (n=1,513); low-testing physicians (n=5,445)
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