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Abstract

Purpose: There are few reports of refractive surgery on human immunodeficiency virus-positive 

(HIV+) patients; we sought to assess the frequency of refractive surgery complications in HIV+ 

individuals and related risk factors.

Settings: Multiple centers in the United States
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Design: Prospective observational cohort study

Methods: The U.S. Military HIV Natural History Study is a prospective observational cohort 

study of HIV+ Servicemembers and beneficiaries. Participants were selected who had CPT codes 

for LASIK, PRK, and other refractive surgeries. The frequency of complications was determined 

using ICD-9 codes. Covariates included age, gender, antiretroviral therapy, time since HIV 

diagnosis, history of AIDS, and CD4 and viral load. Statistical analysis was completed using 

univariate (Chi-square and Wilcoxon-Mann-Whitney tests) and multivariate analyses.

Results: Seventy-nine out of 2073 participants had refractive surgery. 53 subjects underwent 

PRK, 23 LASIK, two radial keratotomy (RK), and one astigmatic correction. Complications 

occurred in 6/79 (7.6%) of participants, including five subjects who underwent PRK and one 

following RK, occurring between eight to 217 days after surgery. Five ulcers and one unspecified 

keratitis were noted. In univariate analysis, type of surgery (p=0.02) and history of AIDS (p=0.02) 

were risk factors for complications. In logistic regression analysis, no variables were found to be 

risk factors for complications.

Conclusion: Complications were infrequent among HIV+ participants following refractive 

surgery. Point estimates suggest that PRK may have more complications than LASIK and that 

advanced HIV, reflected by prior AIDS, may be associated with an increased risk of 

complications. Further study will be needed to confirm these findings.
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Introduction

In the 1980s and early 1990s, human immunodeficiency virus (HIV) infection was largely 

considered a fatal disease. The emergence of improved disease recognition, access to care, 

and effective treatment with effective combination antiretroviral therapy (ART) have 

significantly decreased the number of HIV-related deaths, as well as increased the total life 

expectancy of HIV-positive (HIV+) patients.1,a Given improved survival, HIV+ patients are 

now more likely to pursue common elective procedures, such as refractive surgery to 

improve visual acuity. However, the FDA currently states that patients with HIV or other 

immunodeficiency states are not good candidates for refractive surgery.b A recent published 

guideline by the American Academy of Ophthalmology (AAO) lists uncontrolled 

autoimmune or other immune-mediated disease as an absolute contraindication to refractive 

surgery, while controlled disease is only relatively contraindicated.2

The current body of literature is limited on the outcomes of elective refractive surgery in the 

HIV+ population.3,4 The objectives of this study were to first evaluate the type of refractive 

surgery performed and then characterize the subjects by the following: antiretroviral therapy 

use, time since HIV diagnosis, presence of AIDS, CD4+ T-lymphocyte count, HIV-1 viral 

load, and select comorbidities (diabetes mellitus type II and smoking). Secondly, we studied 

both the incidence of and risk factors for postoperative complications of refractive surgery.
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Materials and Methods

Started in 1986, the U.S. Military HIV Natural History Study (NHS) is a large, continuous 

enrollment cohort study of HIV+ active duty U.S. servicemembers, their family members 

and retirees from the Department of Defense (DoD).5–7 Active duty service members are 

routinely screened for HIV infection, approximately every two years, and negative test dates 

are collected in addition to positive dates. Participants have study visits approximately every 

six months including coordinator and physician interviews, centralized DoD electronic 

medical record review, and laboratory assays. The study has been approved by the 

Institutional Review Board of the Uniformed Services University of the Health Sciences 

(USU) and participating sites; all participants provide written informed consent.

Figure 1 outlines the selection of subjects for this study. Inclusion criteria consisted of 1) 

HIV-positive status between 1997 and 2016; 2) a history of refractive surgery demonstrated 

by one of the following current procedural terminology (CPT) codes: 65760/S0800 (laser-

assisted in situ keratomileusis; LASIK), 66999/S0810 (photorefractive keratectomy; PRK), 

65771 (radial keratotomy; RK), 65772/65775 (astigmatism correction), 65765 

(keratophakia), 65767 (epikeratoplasty), S0812 (phototherapeutic keratectomy; PTK), 

0402T (collagen cross-linking), 65785 (implantation of intrastromal corneal ring); and 3) a 

refractive International Classification of Disease (ICD)-9 code (367.0-367.9). Complications 

were defined by ICD-9 codes: [corneal ulcer (370.00 – 370.07), interstitial keratitis (370.50 

– 370.59), unspecified keratitis (370.9), corneal abrasion (918.1), corneal haze (371.89), or 

diffuse lamellar keratitis [DLK (370.8)] within one year after refractive surgery.

Subjects were excluded from this study for any one of the following: 1) a history of 

refractive surgery prior to the diagnosis of HIV infection; 2) a history of an ICD-9 code of a 

surgical complication [corneal ulcer (370.00 – 370.07), interstitial keratitis (370.50 – 

370.59), unspecified keratitis (370.9), corneal abrasion (918.1), corneal haze (371.89), or 

diffuse lamellar keratitis [DLK (370.8)] within one year before refractive surgery; or 3) 

absence of a refractive CPT code. The outcome studied was the proportion of post-refractive 

surgical complication(s) after refractive surgery.

Demographic and clinical data were extracted from the study database for analysis including 

age, gender, race, time since HIV diagnosis, history of AIDS (1993 CDC-rev), antiretroviral 

therapy (ART) by medication class, CD4 count and HIV viral load at time of ophthalmic 

diagnosis, total number of ophthalmic diagnoses, diabetes mellitus type II (DMII), 

hypertension (HTN), hyperlipidemia (HLD), and smoking. Baseline was defined as earliest 

documented HIV positive test date; ART was defined as in previous NHS studies 

(Supplemental Table 1).9 Most patients take two or more nucleoside reverse transcriptase 

inhibitors (NRTI) and either a non-nucleoside reverse transcriptase inhibitor (NNRTI), 

unboosted versus boosted protease inhibitor (PI) or an integrase inhibitor.

Statistical Analysis

All events occurred in HIV+ participants. Events were defined as either time of refractive 

surgery or in controls as censorship date (death, lost to follow-up, or the last study visit). 

Statistical analysis was completed using Chi square or Wilcoxon-Mann-Whitney tests. 
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Further multivariate analysis was completed using logistic regression. All tests were two-

sided, and a p-value less than 0.05 was considered statistically significant. Statistical 

analyses were performed using SAS version 9.4 (Cary, North Carolina, USA).

Results

Baseline Characteristics

In the NHS cohort 79 out of 2073 participants met inclusion criteria. Of the participants 53 

underwent PRK, 23 LASIK, 2 RK and 1 astigmatic correction. Indications for surgery can 

be found in Supplemental Table 2. Baseline characteristics are found in Table 1. Compared 

to the HIV-positive subjects who did not undergo refractive surgery, a greater proportion of 

refractive surgery patients in the cohort were active duty (n=60, 75.9% versus (vs) n=1008, 

50.6%, p=0.0005) and enlisted (n=62, 78.5% vs. n=1441, 72.3%, p<0.0001). A significant 

difference in Armed Service branch representation existed (n=39, 49.4% Navy; n=25, 31.6% 

Army; n=8 10.1% Marines; n=7, 8.9% Air Force; p=0.021).

Reflecting the overall trend toward more elective refractive surgery within this population 

and the general population, an increasing number of refractive surgeries were noted in 

successive calendar intervals within the cohort (Figure 2, p=0.014 for increasing trend). 

Nearly two-thirds of subjects undergoing refractive surgery (50/79) were on treatment with 

ART at the time of surgery and 49 subjects had VL<400 copies/mL; the median CD4 was 

624 cells/uL and only one subject had <200 cells/uL.

Complications and Risk Factors

Six out 79 participants (7.6%) undergoing refractive surgery experienced postoperative 

complications. No complications were observed in patients undergoing LASIK. 

Complications within 1 year of surgery occurred in only one RK patient (44 days). However, 

five patients (9.6%) who underwent PRK had complications within one year (8, 13, 127, 

134, and 217 days). Of the six complications, three were an unspecified corneal ulcer, one 

marginal corneal ulcer,one perforated corneal ulcer, and one unspecified keratitis. In 

univariate analysis, type of surgery performed (p=0.0206) and a prior history of AIDS at 

time of procedure (p=0.0219) were risk factors for complications (Supplemental Table 3). In 

the patients that had complications, three of six subjects were on ART at time of surgery and 

four had a detectable viral load >400 copies/mL (1,735; 2,547; 12,600; 36,269). But none 

had a CD4 counts less than 200 cells/uL at time of surgery (median 658.0 cell/ul; range 

349.0-691.0). Of those that were on ART, in addition to two NRTI, one was on an unboosted 

PI, one a boosted PI and another a NNRTI. Using logistic regression analysis, no covariates 

were found to be risk factors for complications; however, the sample size was small 

(Supplemental Table 4).

Discussion

This study represents the first published cohort of HIV-positive patients that underwent 

refractive surgery, to the authors’ knowledge. Hovanesian et al., reported in 1999 a case of 

bilateral bacterial keratitis following a LASIK procedure in an HIV-positive patient.3 

Unquantified anecdotal reports of postoperative keratitis, delayed wound healing, and dry-
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eye after refractive surgery in HIV-positive patients have also been reported.4 The lack of 

published data on postsurgical outcomes in this population has led to inconsistency between 

published recommendations and actual practice patterns. The United States Food and Drug 

Administration (FDA) established a list of contraindications to PRK in the 1990s, and later 

published a similar list of contraindications to LASIK. The FDA currently states that 

patients with HIV or other immunodeficiency states are not good candidates for refractive 

surgery.b Cobo-Soriano et al., suggested that controlled systemic disease need not be an 

absolute contraindication to LASIK.8 A recent published guideline by the American 

Academy of Ophthalmology (AAO) lists uncontrolled autoimmune or other immune-

mediated disease as an absolute contraindication to refractive surgery, while controlled 

disease is only relatively contraindicated.2 In actual practice, there is no universal approach 

to refractive surgery in the HIV population. A 2010 web-based survey of 285 refractive 

surgeons revealed that 50.2% of respondents consider persons with HIV acceptable 

candidates for elective refractive surgery, but 88% felt that patients with current AIDS were 

not appropriate candidates.4

In our study of HIV+ active duty, retirees, and dependents, we found an overall proportion of 

post-refractive surgical complications of 7.6%. The proportion of complications was 9.4% in 

those who underwent PRK, whereas no complications were observed in the LASIK patients; 

PRK was more than twice as common as LASIK in this population, reflecting military 

practice. Corneal ulcer accounted for five out of the six total complications. Although it was 

originally thought that PRK predisposes patients to an increased risk of infectious keratitis, 

large studies have demonstrated similar rates between LASIK and PRK. Wroblewski et al., 
reported five cases of post-procedural infectious keratitis out of 25,337 PRK procedures 

(0.019%) performed at six institutions within the Army and Navy database between 

1995-2004.9 Llovet et al., reported 72 cases of post-procedural infectious keratitis out of 

204,586 LASIK procedures (0.035% rate) at a single institution in Spain between 

2002-2008.10 Despite the similar complication rates, it has been suggested that PRK poses 

an increased risk for post-procedural infectious keratitis due to the breakdown of the barrier 

function of the corneal epithelium.11 On the other hand, a break in the epithelial barrier 

during LASIK has been reported to predispose patients to keratitis.10 It appears from the 

data collected in our study that PRK in HIV+ patients may be a risk factor for ulcers, 

although whether they were specifically infectious is difficult to discern due to use of ICD-9 

codes. In addition, it is critical to recognize that three of the five PRK complications 

occurred late after the surgery (127, 134, and 217 days). It is possible that these are 

unrelated to the refractive surgery, or that the disruption of the epithelial barrier at the time 

of surgery may predispose these patients to later complications. A previous study12 found 

that atypical organisms like mycobacteria and fungus have a later mean onset of 

presentation; however, unfortunately the specific culture data was not available in our 

complications. Finally, the small sample size limits the precision of the point estimates, so 

should be interpreted cautiously.

We found that a history of AIDS was a potential risk factor for complication after refractive 

surgery. To our knowledge, there are no prior studies that address post-refractive surgical 

complications in the HIV population, nor are there published guidelines that suggest an ideal 

preoperative CD4 count. In cataract surgery, there are very few studies discussing surgical 
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complications in this patient populace and no published guidelines.13,14 A report of 

abdominal and plastic surgeries among HIV+ also found that lower CD4 (<200 cells/ uL) 

and viral load>10,000 copies/ml were associated with increased risk of complications and 

some surgical guidelines have reinforced this.15,16 In orthopedic trauma, a CD4 count <300 

cells/uL was associated with development of postoperative infection.17 However, in patients 

with HIV, the surgical risk assessment should be individualized and discussed with the 

patient.18,c It seems prudent that surgeons who are considering operating on patients with 

HIV should review CD4 counts and viral load to help inform the approach to follow-up. The 

surgeon could consider that if the CD4 count is <200 cell/ul and viral load >10,000 

copies/ml to defer surgery and recommend that the patient start ART therapy; but further 

studies and guidelines are needed in ophthalmic surgery. In addition, poor ART compliance 

may signal poor post-operative compliance with topical medications. This is also a potential 

area of future study in HIV+ patients.

One of the lingering concerns of refractive surgeons operating on patients with HIV 

infection has been risk of viral transmission during the procedure. However, despite 

concerns in the pre-ART era, HIV transmission from patients to operating surgeons is 

extremely rare. Hagen et al., concluded that, based on experimentation with the similarly 

structured pseudorabies virus, excimer laser ablation of the cornea of an HIV-infected 

patient is unlikely to transmit the virus to the surgeon.19 In another study by Taravella et al., 
only DNA fragments of an attenuated varicella-zoster virus were found to have survived 

excimer laser ablation.20 Both of these studies reinforce the low risk, however, a web-based 

survey of refractive surgeons operating on HIV patients revealed that 51% were concerned 

about virus transmission to the surgeon or operating room staff and 40% were concerned 

about virus transmission to other patients.4 Standard precautions to prevent occupational 

exposure to HIV and other infectious pathogens in the healthcare setting and during surgery 

have proven highly effective with only one confirmed healthcare worker HIV transmission 

event from 2000-2013.21 These data reinforce the need for ongoing and further education of 

providers and staff regarding the utility of standard precautions and low risk of HIV 

transmission. And while additional studies to fully characterize HIV transmission risks in 

various surgical settings such as ophthalmology are also needed, the increasing trend of 

refractive surgeries in our study suggests that attitudes may be shifting in a positive way.

The key limitations of this study are related to the patient population and number of 

procedures performed. The NHS subjects are mostly male, young and previously healthy, 

and active duty with open access to healthcare and medications. These limitations may 

impact the generalizability. The overall number of subjects was small, so findings should be 

interpreted cautiously. In addition, specific microorganism culture data was unavailable.

In conclusion, complications occurred infrequently in HIV+ patients with virologic 

suppression on ART following refractive surgery. Many patients living with HIV infection 

may be appropriate candidates for refractive surgery. PRK may predispose to more 

complications than LASIK in this population, although larger studies will be required to 

fully evaluate this. Advanced HIV infection, reflected by a prior diagnosis of AIDS, as well 

as active viremia and the absence of ART, may be associated with an increased risk of 
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complications. Further study using larger cohorts or meta-analysis will be needed to better 

understand the risk factors of complications of refractive surgery in HIV+ patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What Was Known

• There is limited literature on refractive surgery in HIV+ patients. This study 

evaluated a cohort of HIV+ patients that underwent refractive surgery in order 

to assess the rate of complications and related risk factors.

What This Paper Adds

• No HIV+ patients that underwent LASIK had a complication. Further 

analysis is needed in larger cohorts to better understand if the type of 

refractive surgical procedure is a risk factor for complications.

• A history of AIDS is a risk factor for complications in univariate analysis. It 

is critical that ophthalmologists evaluate anti-retroviral therapy status, CD4 

and viral load, and history of AIDS prior to operating on an HIV+ patient.
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Synopsis:

This study analyzed the outcomes of HIV-positive patients undergoing refractive surgery. 

There were no complications in patients that underwent LASIK. A history of AIDS was a 

significant risk factor.
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Figure 1: 
Flow Chart of Subject Selection
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Figure 2: 
Incidence of Refractive Surgery

Tisdale et al. Page 12

J Cataract Refract Surg. Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tisdale et al. Page 13

Table 1.

Baseline characteristics of HIV+ participants who had refractive surgery

Overall Refractive surgery P-value

N (%) or Median (IQR) No N (%) or Median 
(IQR)

Yes N (%) or Median 
(IQR)

Participants 2073 1994 79

Demographics

Age at surgery or censor 40.8 (31.9,50.2) 41.2 (32.1,50.7) 31.2 (26.6,38.7) <.0001

Gender 0.8535

Male 1904 (91.8) 1831 (91.8) 73 (92.4)

Female 169 (8.2) 163 (8.2) 6 (7.6)

Race 0.9406

Caucasian 786 (37.9) 755 (37.9) 31 (39.2)

African-American 932 (45.0) 898 (45.0) 34 (43.0)

Hispanic/Other 355 (17.1) 341 (17.1) 14 (17.7)

Marital status 0.1179

Single 1059 (51.1) 1022 (51.3) 37 (46.8)

Married 866 (41.8) 826 (41.4) 40 (50.6)

Missing 148 (7.1) 146 (7.3) 2 (2.5)

Rank <.0001

Officer/Warrant 188 (9.1) 173 (8.7) 15 (19.0)

Enlisted 1503 (72.5) 1441 (72.3) 62 (78.5)

N/A (e.g. Dependent) 382 (18.4) 380 (19.1) 2 (2.5)

Duty Status 0.0005

Active Duty 1068 (51.5) 1008 (50.6) 60 (75.9)

Retired 887 (42.8) 869 (43.6) 18 (22.8)

Dependent 87 (4.2) 86 (4.3) 1 (1.3)

Other (e.g. Civilian, end of service) 30 (1.4) 30 (1.5) 0 (0.0)

Service 0.0211

Air Force 448 (21.6) 441 (22.1) 7 (8.9)

Army 562 (27.1) 537 (26.9) 25 (31.6)

Marines 147 (7.1) 139 (7.0) 8 (10.1)

Navy 856 (41.3) 817 (41.0) 39 (49.4)

Other (e.g. public health service, 
foreign military)

60 (2.9) 60 (3.0) 0 (0.0)

HIV related

Age HIV dx 28.8 (24.2,35.1) 29.0 (24.4,35.3) 25.5 (22.8,31.3) 0.0004

Year of HIV dx 0.0040

Before 1997 749 (36.1) 734 (36.8) 15 (19.0)

1997-2000 315 (15.2) 306 (15.3) 9 (11.4)

2001-2005 380 (18.3) 360 (18.1) 20 (25.3)
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Overall Refractive surgery P-value

N (%) or Median (IQR) No N (%) or Median 
(IQR)

Yes N (%) or Median 
(IQR)

2006-2010 422 (20.4) 400 (20.1) 22 (27.8)

2011-2016 207 (10.0) 194 (9.7) 13 (16.5)

CD4 at HIV dx (cells/ul) 475(343,628) 475 (341,630) 505 (380,615) 0.5711

VL at HIV dx (log10 copies/ml) 4.4 (3.8,4.9) 4.4 (3.8,4.9) 4.5 (3.9,4.8) 0.5371

HIV dx to surgery or censor 9.1 (4.7,16.2) 9.3 (4.9,16.6) 4.1 (2.1,7.7) <.0001

Age ART start 33.1 (27.4,39.7) 33.2 (27.6,39.9) 28.7 (23.9,34.3) 0.0002

ART Initiation Era 0.0184

1996-2000 804 (38.8) 786 (39.4) 18 (22.8)

2001-2008 469 (22.6) 446 (22.4) 23 (29.1)

2009-2017 532 (25.7) 504 (25.3) 28 (35.4)

No ART Record Start 268 (12.9) 258 (12.9) 10 (12.7)

Time from ART to surgery or censor 7.1 (3.4,13.4) 7.3 (3.6,13.9) 3.2 (0.6,6.0) <.0001

CD4 at ART (cells/ul) 355 (251,478) 352 (249,474) 421 (301,515) 0.0085

VL at ART (log10 copies/ml) 4.5 (3.8,5.0) 4.5 (3.8,5.0) 4.5 (3.8,4.9) 0.7251

History of AIDS 0.3568

No 1976 (95.3) 1899 (95.2) 77 (97.5)

Yes 97 (4.7) 95 (4.8) 2 (2.5)

Year of surgery or censor 0.0129

Before 1997 52 (2.5) 52 (2.6) 0 (0.0)

1997-2000 163 (7.9) 156 (7.8) 7 (8.9)

2001-2005 258 (12.4) 241 (12.1) 17 (21.5)

2006-2010 381 (18.4) 361 (18.1) 20 (25.3)

2011-2016 1219 (58.8) 1184 (59.4) 35 (44.3)

CD4 at surgery or censor (cells/ul) 627 (450,839) 627 (450,841) 624 (446,744) NR*

VL at Surgery or censor 1.6(1.3,2.6) 1.5 (1.3,2.6) 1.7 (1.3,3.4) NR*

ART status at surgery or censor NR*

Yes 1659 (80.0) 1609 (80.7) 50 (63.3)

No 414 (20.0) 385 (19.3) 29 (36.7)

ART medication by class at surgery or 
censor

NR*

Boosted PI 282 (17.0) 279 (17.3) 3 (6.0)

II 475 (28.6) 467 (29.0) 8 (16.0)

NNRTI 669 (40.3) 636 (39.5) 33 (66.0)

Other 52 (3.1) 52 (3.2) 0 (0.0)

Three or more NRTI 31 (1.9) 31 (1.9) 0 (0.0)

Unboosted PI 150 (9.0) 144 (8.9) 6 (12.0)

Diabetes Mellitus Type II at baseline 0.1559

Yes 201 (9.7) 197 (9.9) 4 (5.1)
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Overall Refractive surgery P-value

N (%) or Median (IQR) No N (%) or Median 
(IQR)

Yes N (%) or Median 
(IQR)

No 1872 (90.3) 1797 (90.1) 75 (94.9)

Hypertension at baseline 0.3862

Yes 670 (32.3) 648 (32.5) 22 (27.8)

No 1403 (67.7) 1346 (67.5) 57 (72.2)

Hyperlipidemia at baseline 0.1962

Yes 1040 (50.2) 1006 (50.5) 34 (43.0)

No 1033 (49.8) 988 (49.5) 45 (57.0)

Tobacco Smoking at baseline 0.2028

Yes 1209 (78.6) 1159 (78.9) 50 (72.5)

No 329 (21.4) 310 (21.1) 19 (27.5)

*
NR - not reported due to differing follow-up between groups
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