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Abstract

Purpose—This study compares the clinical features and physician selection of either Regional 

Anesthesia (peribulbar or retrobulbar block) with Monitored Anesthesia Care (RA-MAC) or 

General Anesthesia (GA) for open globe injury repair.

Design—A non-randomized, comparative, retrospective case series at a University Referral 

Center.

Participants—All adult repairable open globe injuries receiving primary repair between January 

1st, 2004 and December 31st, 2014 (11 years). Exclusion criteria were patients less than 18 years 

of age and those treated with primary enucleation.

Methods—Data was gathered via retrospective chart review.

Main Outcome Measures—Data collected from each patient was age, gender, injury type, 

location, length of wound, presenting visual acuity, classification of anesthesia used, duration of 

the procedure performed, months of clinical follow-up, and final visual acuity.

Results—During the 11 years study period, 448 patients were identified who had open globe 

injuries with documented information on zone of injury. Globe injury repair was performed using 

RA-MAC in 351/448 (78%) patients and general anesthesia in 97/448 (22%) patients. Zone 1, 2 

and 3 injuries were recorded in 241, 135, and 72 patients respectively. The rates in specific zones, 

of RA-MAC versus GA were as follows: Zone 1 – 213/241 (88%) vs 28/241 (12%), Zone 2 – 

104/135 (77%) vs 31/135 (23%) and Zone 3 – 34/72 (47%) vs 38/72 (53%). Open globe injuries 
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repaired under RA-MAC had significantly shorter wound length (p<0.001), more anterior wound 

location (p<0.001) and shorter operative times (p<0.001). RA-MAC cases also had a better 

presenting and final visual acuity (p<0.001). Neither class of anesthesia conferred a greater visual 

acuity improvement (p=0.06). The use of GA did not cause any delay in the time elapsed from 

injury until surgical repair (p=0.74).

Conclusions—RA-MAC is a reasonable alternative to GA for the repair of open globe injuries 

in selected adult patients. RA-MAC was selected more often for Zone 1 and Zone 2 injuries. For 

eyes with Zone 3 injuries, there are equal selection ratio for RA-MAC and GA.

Introduction

Open globe injuries are one of the more challenging emergent conditions that 

ophthalmologists encounter. General anesthesia (GA) has been conventionally preferred for 

primary closure due to the concern of extrusion of intraocular contents from the 

displacement of volume caused by regional anesthesia (peri- or retrobulbar block) with 

monitored anesthesia care (RA-MAC) in the fixed space of the orbit.1 However, the 

emergent nature of the treatment of these injuries may preclude general anesthesia.2 

Conversely, there are a number of factors associated with the use of GA that can likewise 

cause increases in intraocular pressure. These include direct pressure on the globe during 

manual ventilation, rapid sequence induction on patients without empty stomach,3,4 

laryngoscopy, and placement of an endotracheal tube,5 as well as coughing, bucking on the 

endotracheal tube, emesis, or Valsalva retinopathy. For these reasons, controversy exists 

regarding the preferred modality of anesthesia.6–8 A review of the current literature revealed 

few reports of using RA-MAC compared to the traditional GA for OGI.

The current study compares the clinical features and outcomes in a large series of patients 

with open globe injuries repaired under RA-MAC versus GA in eyes that did not undergo 

enucleation at time of primary closure for open globe injury.

Methods

The current study is a non-randomized, comparative, retrospective case series. A search 

identifying all cases of open globe injury was performed within a computerized database at 

the Bascom Palmer Eye Institute between January 1, 2004 and December 31, 2014 (11 

years). Medical records, including clinical and operative notes were reviewed in retrospect. 

This study protocol was approved by the Institutional Review Board of the University of 

Miami Miller School of Medicine, Miami, Florida and was compliant with the Health 

Insurance Portability and Accountability Act. All patients gave informed consent for 

treatment and the study protocol adhered to declaration of Helsinki requirements.

Inclusion criteria were a diagnosis consistent with an open globe injury from the operative 

report and consisted of the following International Classification of Diseases, Ninth 

Revision, Clinical Modification (ICD-9-CM) codes: 360.5 - retained IOFB magnetic, 360.6 - 

retained IOFB nonmagnetic, 871 - open wound of eyeball, 918.1 - injury of cornea. Patients 

younger than 18 years old and those receiving primary enucleation were excluded from 

study. Such exclusions were made due the necessity of GA in the pediatric population, and 
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the inherent lack of postoperative visual acuity in those treated with primary enucleation. 

Patients with open globe injuries (OGI) and closure prior to referral were not included in the 

current study.

Demographics of age and gender were obtained for each patient. Open globe injuries were 

characterized by the type (blunt rupture, sharp laceration, retained intraocular foreign body, 

perforation, or mixed mechanism), location (Zone 1 – cornea and limbus, Zone 2 – ≤ 5 

millimeters posterior to the limbus, or Zone 3 – greater than 5 millimeters posterior to the 

limbus), and length of wound,9 as well as the initial presenting visual acuity. Operative data 

obtained included the classification of anesthesia used and the duration of the procedure 

performed, from the initial incision to the completion of closure. Postoperative data included 

months of clinical follow-up and final visual acuity. Final visual acuity data was not 

recorded for patients with less than 2 months of follow-up.

Regional anesthesia was accomplished with a peri- or retro-bulbar block of a one to one 

mixture of 0.75% bupivacaine and 2–4% lidocaine with up to 75 units of hyaluronidase. This 

was administered preoperatively in the holding area just before the patient was taken into the 

operating room. Volumes were variable starting with a minimal peribulbar injection and 

supplementing with additional volumes until satisfactory anesthesia was achieved. All uses 

of regional anesthesia were accompanied by monitored anesthesia care with intravenous 

conscious sedation, administered by the anesthesia staff. Per patient’s needs, selected cases 

received supplemental block which was administered during the surgical procedure with a 

blunt cannula after conjunctival peritomy.

Visual acuity was converted to LogMAR for data analysis. Visual acuities recorded as 

counting fingers (CF), hand motions (HM), light perception (LP), and no light perception 

(NLP) in were converted to LogMAR values of 2, 2.3, 3 and 3.2 for the purposes of 

statistical analysis. Statistical analysis was carried out to compare each of the observed 

variables between patients who received RA-MAC and those who received GA. Student’s t-
test was used for continuous variables, and χ2 test was used for categorical variables.

Results

Using the ICD-9CM codes listed for the postoperative diagnosis of open globe injury, 1,341 

records were identified. Among these records, 290 (21%) were younger than 18 years of 

age, 173 (13%) either underwent a procedure other than primary closure or were treated with 

primary enucleation and 74 records were miscoded. During the 11 years study period, 804 

patients were identified who had open globe injuries repaired and fulfilled inclusion criteria 

of the study. Among these patients, the information on zone of injury was available for 448 

patients.

Comparison of demographics and physician selection of either regional anesthesia 

(peribulbar or retrobulbar block) with monitored anesthesia care (RA-MAC) or general 

anesthesia (GA) for open globe injury repair (N=448) from 2004–2014 is shown in Table 1. 

The anesthesia rates were RA-MAC in 351/448 (78.3%) patients and general anesthesia in 

97/448 (21.7%) patients (Table 1). Mean age among two groups was comparable (51.8 years 
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in RA-MAC group versus 49.3 years in GA group). There was no significant difference in 

gender between the two groups, with the majority of patients being male (RA-MAC - 

244/351[69%], GA – 69/97[71%]).

The rates of RA-MAC versus GA were reported for Zone 1 open globe injuries (213 vs 28), 

Zone 2 open globe injuries (104 vs 31) and Zone 3 open globe injuries (34 vs 38). Average 

wound length among RA-MAC group and GA group was 7.0mm versus 11.9mm. The mean 

duration of follow-up in the current study was 11 months, range 0 to 113 months (13 months 

among RA-MAC group and 9 months among GA group). Evaluation of anesthetic use by 

Zone showed a decrease of RA-MAC use and an increase in GA use with more posterior 

Zones of injury (Figure 1). Injury type 1 and 2 (rupture and laceration) accounted for >80% 

injuries in all three zone of injuries and were distributed equally among RA-MAC group and 

GA group.

In patients with Zone 1 open globe injury (Supplemental Table 1 available at http://

www.ophthalmology-retina.org), shorter wound length and shorter procedure time were 

more commonly noted among RA-MAC group compared to GA-group (p=0.02 and p=0.007 

respectively). Patients presenting with bad visual acuity were more likely to undergo surgery 

under general anesthesia (p<0.001).

In patients with Zone 2 open globe injury (Supplemental Table 2 available at http://

www.ophthalmology-retina.org), shorter wound length and shorter procedure time were 

more commonly noted among RA-MAC group compared to GA-group (p=0.02 and p=0.004 

respectively).

In patients with Zone 3 open globe injury (Supplemental Table 3 available at http://

www.ophthalmology-retina.org), no significant difference was noted for wound length and 

procedure time among RA-MAC group compared to GA-group (p=0.21 and p=0.028 

respectively). Patients presenting with Zone 2 or 3 open globe injury had poor final visual 

acuities.

Visual acuity at final follow-up was available for 290/448 patients (Table 2). Among these 

patients, 173/290 (60%) achieved 20/400 or better at final follow-up (155/173, 90% – 

operated under RA-MAC while 18/173, 10% – operated under GA). Among 173 patients 

with 20/400 or better visual acuity, 117 patients had zone 1 injury (110/117– operated under 

RA-MAC while – 7/117 operated under GA), 47 patients had zone 2 injury (39/47 – 

operated under RA-MAC while 8/47 – operated under GA), and 9 patients had zone 3 injury 

(6/9 – operated under RA-MAC while 3/9 – operated under GA).

Comparison of current study with earlier literature showed that use of RA-MAC during the 

current study period was significantly higher than earlier study periods (p<0.001): 64% in 

1995–1999, and 41% in 2000–2003, to 80% from 2004–2014 (Table 3).6,7

Discussion

Both RA-MAC and GA have unique and inherent risks that may cause extrusion of 

intraocular contents with open globe injuries.1,3,5,10,11 The current study demonstrates that 
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neither type of anesthesia, for any single zone of injury, confers a clear advantage for 

postoperative improvement of visual acuity. Reported visual outcomes are more likely 

related to the degree of injury than the type of anesthesia used.

The current study was limited by its retrospective nature and the fact that the decision to use 

RA-MAC versus GA reflects the selection bias of the individual physicians at our institution. 

Data regarding intraoperative complications was collected from the dictated operative notes. 

Because the study had no standardized forms for data collection, it is likely that 

intraoperative complications were not recorded. In general, those with less severe injuries 

were prone to receive RA-MAC, and those with more severe injuries were more commonly 

repaired under GA. The concern for expulsion of intraocular contents with larger injuries, or 

intraocular infiltration of regional anesthesia in more posterior injuries may influence the 

surgeon to use GA. However, even among the most posterior of injuries (Zone 3), no 

difference in the size of the injury, final VA vs postoperative VA improvement or worse was 

identified between the 2 groups. None of the reviewed operative records suggested the 

expulsion of intraocular contents related to either RA-MAC or GA.

Patients who received GA were generally younger. This finding may reflect a reluctance to 

perform GA for older patients who are inherently more likely to have a greater number of 

systemic comorbidities. However, in the current study, average time of injury until repair 

was found to be no different between the RA-MAC and GA groups. This study provides the 

surgeon with further data on to choose the type of anesthesia without concern of delaying 

the repair.

During the current study, RA-MAC was more commonly utilized compared to previously 

reported series from our institution.6,7 Based on data in the current study, ophthalmologists 

and anesthesiologists may consider this type of anesthesia as a reasonable alternative to 

general anesthesia for the repair of open globe injuries in selected patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Frequency of regional (peribulbar or retrobulbar block) with monitored anesthesia care 

versus general anesthesia use by zone of injury from 2004 to 2014. Regional anesthesia was 

preferential anesthesia type in Zone 1 injury (88% vs 12%) and Zone 2 injury (77% vs 23%) 

but both anesthesia types (regional and general anesthesia) were used equally in Zone 3 

injury (47% vs 53%).
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Table 1

Demographics, wound characteristics, and visual outcomes of patients with open globe injury that did not 

undergo enucleation at time of primary closure for open globe injury from 2004–2014.

Regional Anesthesia General Anesthesia

Number of patients 351/448 (78 %) 97/448 (22 %)

Average age in years (range) 51.8 ± 22.2 (18–98) 49.3 ± 20.3 (18–95)

Male:Female 244:107 69:28

Average wound length in millimeters 7.0 ± 5.6 (n/N=151/351) 11.9 ± 6.6 (n/N=42/97)

Zone of Injury (N=448) (N=351) (N=97)

 • Zone (1) – 241/448 eyes 213/351 (61%) 28/97 (29%)

 • Zone (2) – 135/448 eyes 104/351 (30%) 31/97 (32%)

 • Zone (3) – 72/448 eyes 34/351 (10%) 38/97 (39%)

Mean Final visual acuity (N=290) (Included VA of patients with ≥ 2 months follow-
up)

 • ≥ 20/400 (n/N=173/290) 155/173 (90%) 18/173 (10%)

 • < 20/400 (n/N=117/290) 84/117 (72%) 33/117 (28%)

Follow-up in months 12.7 ± 18.9 (n/N=307/351) 8.5 ± 14.2 (n/N=82/97)

#
Zones of open globe injuries: Zone 1 – cornea and limbus, Zone 2 – ≤ 5 millimeters posterior to the limbus, Zone 3 – greater than 5 millimeters 

posterior to the limbus.
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Table 3

Comparison of regional (peribulbar or retrobulbar block) with monitored anesthesia care and general 

anesthesia use at Bascom Palmer Eye Institute in past 20 years (1994–2014).

Total Regional Anesthesia General Anesthesia

1995 – 1999* 220 140 (64%) 80 (36%)

2000 – 2003** 238 97 (41%) 141 (59%)

2004 – 2014 804 643 (80%) 161 (20%)

*
American Journal of Ophthalmology 2002;134:707–711.

**
Ophthalmic Surgery Lasers and Imaging 2005;36:122–128.
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