
https://doi.org/10.1177/24741264241281156

Journal of VitreoRetinal Diseases
2025, Vol. 9(1) 37–42

© The Author(s) 2024
Article reuse guidelines: 

sagepub.com/journals-permissions
DOI: 10.1177/24741264241281156

journals.sagepub.com/home/jvrd

Original Manuscript

Introduction

Ocular and orbital trauma are common causes of emergency 
department visits across the United States. The rate of eye inju-
ries observed in emergency department settings varies widely 
but has been estimated to be approximately 3.2 to 3.5 per 1000 
population.1,2 The incidence of eye trauma is highest in younger 
male patients in their 20s and 30s.2,3 The published data report-
ing the total societal cost of eye trauma in the US, including 
healthcare costs and lost productivity, are scant; however, the 
figure is likely high given the incidence and disproportionate 
burden among working-age cohorts.

Commotio retinae results from blunt trauma to the eye or 
orbit, which disrupts retinal photoreceptor outer segments.4–7 
When commotio retinae affects the macula, it is also referred to 
as Berlin edema.8 Isolated commotio retinae found on examina-
tion typically resolves without complication in a few days.9 
Extramacular commotio retinae is associated with particularly 
excellent visual outcomes.10 Nevertheless, finding commotio 
retinae on a fundus examination in an emergency setting often 
prompts scheduled follow-up with retina specialists.

Here, we present the results of a cost analysis of follow-up 
visits and associated imaging in a cohort of 201 consecutive 
patients presenting with commotio retinae to the Massachusetts 
Eye and Ear (MEE) emergency department.

Methods

This retrospective case series was approved by the Institutional 
Review Board of Massachusetts General Brigham (protocol 
ID: 2022P002496). Clinical records were reviewed manually 
for consecutive patients presenting to the MEE emergency 
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department from January 1, 2020, to January 1, 2022, who were 
diagnosed with contusion or other injuries of the eye or orbit 
(International Classification of Diseases, 10th edition, codes 
S05.1 and S05.8). Data were extracted from medical records of 
patients with documented commotio retinae on ophthalmologic 
examination. A standard examination at initial presentation 
included a scleral depressed examination of the peripheral retina 
of the involved eye.

Data extracted from patient records included age, sex, race, 
ethnicity, mechanism of injury, laterality of eye involvement, 
visual acuity (VA) on the Snellen chart and in logMAR notation, 
imaging studies performed, affected quadrants and/or macula, 
presence or absence of retinal tears and detachments, number of 
visits before tears and detachments, management of tears and 
detachments, number of visits before commotio retinae resolu-
tion, and time to commotio retinae resolution. Data were gath-
ered from initial visits to the MEE emergency department and 
follow-up visits to the emergency department, comprehensive 
ophthalmology clinic, retina clinic, and other subspecialty clin-
ics. Patients with commotio retinae were referred to retina spe-
cialty clinics for a follow-up visit 2 weeks after presenting to the 
emergency department, per institutional protocol. Follow-up 
visits were included in the cost analysis if they occurred before 
the documented resolution of commotio retinae.

A cost analysis was performed using previously described 
methods.11,12 Dollar costs were calculated using Medicare fee 
data from the 2022 US Centers for Medicare & Medicaid 
Services fee schedules.13 The Healthcare Common Procedure 
Coding System codes used in this analysis were 92012, 92134, 
and 92250. These codes correspond to the Medicare allowable 
costs for intermediate follow-up examinations, optical coher-
ence tomography (OCT), and fundus photography, respectively. 
Costs were calculated using facility-based payment amounts. 
Costs were rounded up to the nearest whole dollar amount and 
are reported in Table 1. The US population of 309.3 million peo-
ple, obtained from the US 2010 Census,14 was used to estimate 
the annual incidence of commotio retinae between 2006 and 
2013. The total annual cost to the US healthcare system was 
calculated by multiplying the annual incidence of commotio 
retinae by the cost per patient, calculated as just described.

Statistical analysis was performed using Excel software 
(version 16.72, Microsoft Corp) and SPSS Statistics for 
Windows software (version 28, IBM). Descriptive statistics 

were calculated as means ± SDs for continuous variables, and 
categorical variables were described as frequencies and per-
centages. Comparisons between 2 groups were performed using 
a 2-sample t test for continuous variables. A Fisher exact test 
was used for contingency tables and categorical variables. The 
Pearson correlation coefficient was used to assess any associa-
tion between continuous variables. Statistical significance was 
set at P < .05.

Results

Of 490 consecutive patients presenting to the emergency 
department, 201 (41.0%) had commotio retinae on their emer-
gency department examination and were included for analysis. 
The mean age at presentation was 30.7 ± 14.9 years. Most 
patients were men (73.1%), White (61.2%), and non-Hispanic 
(84.6%). The mean initial VA was 0.28 ± 0.51 logMAR. Seven 
patients (3.5%) had retinal tears at presentation (Table 2).

Table 1.  Medicare Allowable Costs for Follow-up and Imaging of 
Commotio Retinae.a

HCPCS 
Code Description

Professional 
Fee

Facility 
Fee Totalb

92012 Intermediate follow-up $59 $102 $162
92134 OCT $51 $56 $107
92250 Fundus photography $91 $91 $182

Abbreviations: HCPCS, Healthcare Common Procedure Coding System; 
OCT, optical coherence tomography.
aAllowable costs are based on previous methods described by Lin et al.12

bTotal allowable cost was calculated by adding professional and facility fees.

Table 2.  Demographics and Clinical Characteristics of CR 
(N = 201).

Characteristic Value

Mean age (y) ± SD 30.7 ± 14.9
Men, n (%) 147 (73.1)
Race, n (%)
  White 123 (61.2)
  Black 34 (16.9)
  Asian 17   (8.5)
  Other 19   (9.5)
  Unknown 8   (4.0)
Ethnicity, n (%)
  Non-Hispanic 170 (84.6)
  Hispanic 17   (8.5)
  Unknown 14   (7.0)
Initial visit
  Mean VA (logMAR) ± SD 0.28 ± 0.51
  RT/RD on initial visit, n (%) 7   (3.5)
Initial CR regions, n (%)
  Macula 37 (18.4)
  Superotemporal 113 (56.2)
  Superonasal 67 (33.3)
  Inferotemporal 85 (42.3)
  Inferonasal 58 (28.9)
Follow-up
  Mean VA (logMAR) ± SD 0.25 ± 0.48
  Fundus photography, n (%) 66 (33.0)
  OCT, n (%) 68 (34.0)
  RT/RD on follow-up, n (%) 4   (2.0)
  Mean time to RT/RD diagnosis (visits) ± SD 5.25 ± 4.03
  Mean time to RT/RD diagnosis (days) ± SD 142.75 ± 154
Resolution
  Mean final VA (logMAR) ± SD 0.11 ± 0.3
  Mean time to CR resolution (visits) ± SD 2.27 ± 1.41
  Mean time to CR resolution (days) ± SD 36.2 ± 73.2

Abbreviations: CR, commotio retinae; OCT, optical coherence tomography; 
RD, retinal detachment; RT, retinal tear; VA, visual acuity.
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Only 142 (70.6%) patients returned for follow-up. Of all 
patients, 24 (11.9%) followed up with glaucoma specialists and 
46 (22.8%) had gonioscopy. Four patients (2.8%) had new tears 
at follow-up. Thus, the number needed to treat was 35.5 (142/4). 
Patients with tears at both presentation and follow-up were 
older than patients without retinal tears (40.3 ± 18.0 years vs 
30.5 ± 13.8 years, respectively; P = .046). None of these 
patients had posterior vitreous detachments (PVDs) at the time 
of the initial examination or, if available, at the time of the first 
evaluation by a retina specialist. There was no difference in sex 
or laterality of eye involvement between patients with tears and 
those without tears. The mean final VA was 0.11 ± 0.30 logMAR 
(Table 2).

For imaging, OCT was performed in 68 patients (34%) and 
fundus photography in 66 patients (33%). Figure 1 shows a  
representative fundus photograph of uncomplicated commotio 
retinae and subsequent recovery (Figure 1).

Seven patients (3.5%) had tears/dialysis on initial presenta-
tion to the emergency department, 2 of whom (1.0%) had a 
concurrent retinal detachment (RD). One patient (0.5%) devel-
oped a retinal tear after a lensectomy and pars plana vitrectomy 
(PPV) for native lens dislocation. Four (2.8%) of 142 patients 
developed tears on follow-up, 1 of whom (0.7%) had a concur-
rent RD. Overall, 12 patients (5.97%) had retinal tears or dia
lysis and 3 patients (1.5%) had RDs at some point during their 
disease. The mean number of days from trauma to diagnosis 

Figure 1.  Commotio retinae and sequelae of eye trauma. (A) Representative color fundus photograph of a patient with trauma in the right 
eye that was taken during initial evaluation in the emergency department. A large region of commotio retinae is seen inferior to the inferior 
arcade. (B) Color fundus photography was obtained from the same patient 1 month after their initial visit. The area of inferior commotio 
retinae has resolved. (Color figures available online.)

Table 3.  Complications After Commotio Retinae.a

ID Age (y)b Pathology Mechanism Symptoms Management Additional Notes

18 47 Retinal tear; retinal 
detachment

Fishing line Yes Surgery Symptoms: significant flashes and floaters

43 56 Retinal tear Bungee cord Yes Laser Symptoms: significant floaters
82 24 Retinal tear Resistance band No Observation Operculated hole; did not detach
87 26 Retinal tear Fall No Observation Atrophic hole; did not detach

aComplications include retinal tears and retinal detachments.
bAge at time of presentation.

was 50.4 ± 106.0 (n = 12) and from trauma to treatment was 
18.2 ± 24.8 (n = 8). Of these patients, 3 had a history of myopia; 
there were no cases of underlying risk factors (eg, high myopia, 
previous eye surgery, or collagen disorders).

Retinal tears and RDs found on follow-up that required 
intervention were always newly symptomatic (100%). Of the 2 
cases requiring intervention, 1 patient noticed significant flashes 
and floaters 4 days after the initial trauma and presentation;  
a horseshoe tear was found in the superotemporal quadrant. 
The patient subsequently developed a symptomatic macula-on 
RD requiring repair with PPV and scleral buckling (Table 3). 
Another patient noticed significant new floaters and called the 
clinic to schedule a same-day appointment. A hemorrhagic 
PVD and 1 horseshoe tear in the superotemporal quadrant were 
identified on subsequent examination and treated with laser 
retinopexy (Table 3). The remaining 2 cases of retinal tears 
were deemed chronic and at low risk for complications; thus, 
intervention was deferred (Table 3). All patients requiring inter-
vention had new symptoms that prompted examination before 
the scheduled follow-up visit.

The mean number of visits until commotio retinae resolved 
was 2.27 ± 1.41. The median days to commotio retinae resolu-
tion was 10.5. Overall, 254 follow-up visits, 68 OCT scans, and 
66 fundus photographs were performed before commotio reti-
nae resolution. Using Medicare fee data as described in a previ-
ous study, the mean per-patient cost of follow-up visits, OCT, 
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and fundus photographs was $162, $107, and $182, respec-
tively. The total costs incurred in these categories were $60,436 
for the entire cohort and $425.60 per patient (Table 4).

Patients with retinal tears had an increased chance of obtain-
ing fundus photography (P = .006, Fisher exact test). There  
was no such association between patients with tears and OCT 
(P = .068, Fisher exact test). There was no difference in the 
final VA between patients receiving OCT and those who did not 
(mean logMAR, 0.128 ± 0.379 vs 0.096 ± 0.208; t = −0.611; 
P = .271, t test). There was no difference in the final VA between 
patients receiving fundus photography and those who did not 
(mean logMAR, 0.135 ± 0.391 vs 0.091 ± 0.203; t = −0.804; 
P = .212, t test). There was no correlation between the number 
of follow-up visits and the final VA (R = 0.044; P = .649, linear 
regression).

Conclusions

In this case series, patients with commotio retinae infrequently 
developed retinal complications. This is the first study to our 
knowledge that assessed costs associated with follow-up visits 
of patients with commotio retinae after eye trauma. Our major 
findings were as follows: (1) significant resources were dedi-
cated to following up and imaging patients; (2) complications 
requiring intervention were always heralded by new symptoms, 
questioning the utility of multiple scheduled follow-up visits;  
(3) the rate of loss to follow-up was high.

There were material costs associated with follow-up visits, as 
reported herein. There are also indirect costs levied on clinics and 
patients. There is an opportunity cost to holding a spot on a clinic 
schedule. Particularly in large academic centers and subspecialty 
practices, there is often a backlog of patients awaiting visits who 
may require intervention. For example, patients in a retina clinic 
frequently require scheduled intravitreal antivascular endothelial 

growth factor injections. The true cost of each follow-up appoint-
ment may far exceed the quoted fee schedule.

In addition, given that this population has a high rate of loss 
to follow-up, unfilled scheduled clinic spots reflect another facet 
of inefficiencies and lost opportunity costs when scheduling 
commotio retinae follow-up visits. Moreover, the personal cost 
incurred to individual patients by these visits is not insubstantial. 
Chief among these are the burdens of taking time off from work 
to attend appointments and the cost of traveling to appointments. 
These costs often fall disproportionately on those most socio-
economically disadvantaged, further exacerbating existing ineq-
uities in the societal costs of eye trauma.15 There was a high rate 
of imaging in this study, and some of the costs could have been 
offset by reducing ancillary testing.

Data from the Nationwide Emergency Department Sample 
from 2006 to 2013, as reported by Ramirez et al,16 showed that 
there were more than 5 million emergency department encoun-
ters for eye trauma in the US. Among these cases, contusion of 
the eye and adnexa were reported to have an annual incidence 
of 27 per 100 000 population, which included 672 221 cases 
across the 8-year study period.

Under an assumption of a 41% incidence of commotio reti-
nae in this population, as seen in the patient cohort for this 
study, there is an approximate annual incidence of 34 450 cases 
of commotio retinae in the US, or approximately 11 per 100 000 
population. Using this, we estimate a $14.66 million per year 
total cost to the US healthcare system to follow patients with 
commotio retinae if all patients were scheduled for follow-up. 
This total cost is likely higher given the increase in population 
and therefore the total incidence of commotio retinae. However, 
the population in this study was predominantly drawn from the 
Northeast and New England regions of the US, which may not 
accurately reflect the demographics of the whole country.

There is a potential risk for developing an acute retinal tear 
near the time of the initial trauma. It is possible that traumatic 
forces leading to commotio retinae transmit tractional force at 
the level of the hyaloid–retinal interface. Older patients who 
have a more mobile, degenerated vitreous body would be more 
prone to sudden tractional forces, explaining the significant age 
difference between patients who developed tears (initially and 
subsequently) and those who did not. This may be true even in 
the absence of PVD, which was not initially present in any of 
the patients with retinal tears.

Complications noted at follow-up visits were rare. The 4 
retinal tears found on follow-up examination, in particular the  
2 atrophic holes, could have occurred independent of the initial 
trauma. It is also possible these tears were simply missed on the 
initial clinical examination. It is particularly encouraging to 
note that all complications requiring intervention in this cohort 
were first heralded by symptoms significant enough that the 
patients reached out to seek urgent care. This suggests that mul-
tiple scheduled visits for patients with uncomplicated commo-
tio retinae may be deferred if patients receive strict return 
precautions and have urgent follow-up available if needed.

Table 4.  Cost Analysis of CR Testing and Follow-up (N = 201).a

Cost Factor Value

Visits to CR resolution
  Mean per patient ± SD 2.27 ± 1.41
  Total cohort, n 254
  Cost per follow-up visit $162
Obtained OCT
  Total cohort, n (%) 68 (34)
  Cost per OCT $107
Obtained fundus photograph
  Total cohort, n (%) 66 (33)
  Cost per photo $182
Cost of all services
  Total cohort $60,436
  Cost per patient $425.60

Abbreviations: CR, commotio retinae; OCT, optical coherence tomography; 
RD, retinal detachment; RT, retinal tear.
aSee Table 1 for details on costs per test.
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Our data demonstrate that complications requiring interven-
tion were diagnosed and treated an average of 18 days after the 
trauma. Patients should be counseled to return for evaluation if 
they experience new symptoms, particularly within the high-
risk first 3 weeks after trauma. If patients present with commo-
tio retinae and other signs (eg, vitreous hemorrhage), our data 
suggest that these patients should still be followed up.

Because all patients requiring intervention presented outside 
the scheduled follow-up visit in the current study, there was no 
cost savings of the follow-up visit itself in preventing complica-
tions such as an RD. The rate of complications would be equal 
with or without follow-up; therefore, the cost of complications 
was not a factor in the current study. The cost per quality-
adjusted life year could also not be calculated because there 
were no theoretical VA gains with follow-up visits. It is possible 
that in a larger study, retinal tears and RDs requiring treatment 
could be found incidentally at the follow-up visit. For refer-
ence, the cost to treat an uncomplicated RD with vitrectomy is 
$1323.50 (Current Procedural Terminology [CPT] code 67108) 
and to treat a retinal tear is $245.05 (CPT code 67145).

In general, the best-corrected VA after recovery from com-
motio retinae is good.17 A case series of 90 patients from the 
Birmingham Midland Eye Centre found that 74% of patients with 
macular commotio retinae and 95% of patients with extramacular 
commotio retinae recovered to VAs of 20/30 or better.10

A retrospective observational case series from Seoul National 
University Bundang Hospital suggested that certain features seen 
on spectral-domain OCT can be used to grade macular commotio 
retinae and better predict visual outcomes.18 The lowest of these 
defined grades, which has the best visual and anatomic outcomes, 
includes only the characteristic of increased photoreceptor inner 
segment–outer segment (IS–OS) junction reflectivity that corre-
sponds with loss of the thin hyporeflective optical space. Patients 
with commotio retinae who also have cone outer-segment termi-
nation, IS–OS junction, and outer limiting membrane defects fall 
into grade 4 and had the worst outcomes.18 However, this study 
by Ahn et al18 assessed visual outcomes but did not assess rates of 
complications such as tears or RDs.

The anatomic and functional outcomes seen in our cohort affir
med the good outcomes typically seen in patients with commotio 
retinae. The mean final VA in our cohort was 0.11 ± 0.30 logMAR 
(approximately equivalent to a mean VA of 20/25 on the Snellen 
chart). This is consistent with a study by Blegen et  al19 that 
reviewed 294 cases of commotio retinae after orbital wall fracture 
and reported a final VA of 20/25 or better on the Snellen chart.

One limitation of our study lies in the heterogeneous sequelae 
of trauma observed in our cohort. In addition, a significant per-
centage of this cohort (59 patients [29.4%]) was lost to follow-up. 
This may suggest that otherwise healthy patients presenting with 
trauma may not be motivated to return for scheduled appoint-
ments if their vision and symptoms improve. Notably, 27 patients 
lost to follow-up (27/59 [46%]) were pediatric patients at the time 
of their visit and thus may have opted to seek subsequent care at a 
dedicated children’s hospital.

The lack of a widefield camera in the emergency department 
setting limited our ability to verify that true commotio retinae 
existed. Another point is that the initial examinations were not 
performed by retina specialists and there may have been some 
inaccuracies. However, many of the follow-up visits were in the 
retina clinic. Oftentimes, we rely on junior physicians with less 
experience and evolving examination skills, so the subtle dif-
ferences between commotio retinae, white without pressure, 
and shallow RD can lead to medical errors. As such, a follow-
up examination in a training facility may still be warranted for 
the safety of patients after ocular trauma.

Finally, the retrospective noninterventional nature of our case 
series is a natural limitation of our study. A prospective study of 
commotio retinae’s cost efficacy would not be feasible given the 
practical considerations. In terms of the cost calculation, in some 
instances the fundus photography and OCT may not be able to 
be billed on the same visit. This was not considered in the analy-
sis. Follow-up studies may include a larger cohort of complica-
tions after commotio retinae aimed at identifying underlying 
risk factors that would necessitate scheduled follow-up.

To conclude, patients with commotio retinae rarely develop 
retinal complications and have a high rate of loss to follow-up. 
Interventions for complications were prompted by worsening 
symptoms, indicating that such patients may seek evaluation. 
Our findings indicate that multiple follow-up visits are not indi-
cated in patients with commotio retinae in the absence of other 
signs or symptoms and that there are significant costs and oppor-
tunity costs associated with these visits.
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