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INTRODUCTION
Breast reconstruction in the setting of a positive HIV 

status in the era of highly active antiretroviral therapy 
(HAART) remains a poorly understood topic.1 The advent 
of HAART has shifted the landscape of HIV-related illness 
from being invariably fatal to a chronic, survivable con-
dition.2 Progress in life expectancy for those living with 
HIV has been made with the introduction of HAART, 
and this medication regimen has significantly decreased 
the incidence of acquired immunodeficiency syndrome 
(AIDS)–defining malignancies.3 Furthermore, HAART 

Breast
Special Topic

	

Background: As HIV-positive individuals utilizing highly active antiretroviral ther-
apy live longer, the burden of breast cancer increases in the population. Breast 
reconstruction is an integral aspect of surgical treatment for many patients after 
a breast cancer diagnosis, prompting this examination of the characteristics and 
outcomes of breast reconstruction in this growing patient population.
Methods: Using Merative MarketScan Research Databases, a large multipayer 
database, HIV-positive adult patients who underwent autologous or implant-based 
breast reconstruction between 2007 and 2021 were identified using International 
Classification of Disease codes and Common Procedural Terminology codes. In 
both HIV-positive and -negative cohorts, patient demographics, procedure-related 
complications, and postoperative revisions were recorded. Shapiro-Wilk, chi-
square, Wilcoxon-Mann-Whitney, and multivariable logistic regression tests were 
used for statistical analysis.
Results: Of 173,421 patients who underwent breast reconstruction, 1816 had an 
HIV diagnosis. HIV-positive patients were younger (P < 0.001), underwent sur-
gery more recently (P < 0.001), more often underwent immediate breast recon-
struction (P < 0.001), and had higher comorbidity levels (P < 0.001). There was 
a regional variation in which the patient cohorts underwent breast reconstruc-
tion. There was no significant difference in overall complication rates between 
patient groups, but HIV-negative patients more often underwent revision pro-
cedures (P = 0.009).
Conclusions: When compared to their HIV-negative counterparts, breast recon-
struction can be considered safe and efficacious in patients living with HIV. HIV-
positive patients are a growing demographic who seek breast reconstruction, and 
surgeons must continue to further understand the unique implications of breast 
reconstruction in this population. (Plast Reconstr Surg Glob Open 2024; 12:e6040; doi: 
10.1097/GOX.0000000000006040; Published online 7 August 2024.)

Uchechukwu O. Amakiri, BS*
Jennifer K. Shah, BA, BS†‡

Maheen F. Akhter, BS§
Ethan Fung, BS¶

Clifford C. Sheckter, MD†
Rahim S. Nazerali, MD, MHS†

From the *Icahn School of Medicine at Mount Sinai, New York, 
N.Y.; †Division of Plastic and Reconstructive Surgery, Department 
of Surgery, Stanford University, Palo Alto, Calif.; ‡Geisel School of 
Medicine, Dartmouth College, Hanover, N.H.; §Central Michigan 
University College of Medicine, Mount Pleasant, Mich.; and 
¶Norton College of Medicine, SUNY Upstate Medical University, 
Syracuse, N.Y.
Received for publication February 4, 2024; accepted June 10, 2024.
Presented at Plastic Surgery the Meeting 2022.
Amakiri and Shah contributed equally to this work.
Data for this project were accessed using the Stanford Center for 
Population Health Sciences Data Core. 
Copyright © 2024 The Authors. Published by Wolters Kluwer Health, 
Inc. on behalf of The American Society of Plastic Surgeons. This 
is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial-No Derivatives License 4.0 
(CCBY-NC-ND), where it is permissible to download and share the 
work provided it is properly cited. The work cannot be changed in 
any way or used commercially without permission from the journal.
DOI: 10.1097/GOX.0000000000006040

A New Start with HAART: Evaluating Breast 
Reconstruction in the Era of Highly Active 
Antiretroviral Therapy

Disclosure statements are at the end of this article, 
following the correspondence information.

Related Digital Media are available in the full-text 
version of the article on www.PRSGlobalOpen.com.

8

12

7August2024

7

August

2024

https://doi.org/10.1097/GOX.0000000000006040
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1097/GOX.0000000000006040
www.PRSGlobalOpen.com


PRS Global Open • 2024

2

has allowed for improved outcomes after the diagnosis of 
AIDS-defining malignancies.4,5

Likely due to immune reconstitution and better viral 
suppression, the era of HAART has led to a reduction in 
rates of AIDS-defining malignancies in those living with 
HIV. The relationship between HAART and non-AIDS-
defining malignancies, however, differs.6

Multiple studies have demonstrated that the burden 
of non-AIDS-defining malignancies has increased in peo-
ple living with HIV, comprising the majority of cancers 
impacting this population in the era of HAART.6–9 Breast 
cancer is one such non-AIDS-defining malignancy that has 
shown a rising incidence in the HIV-positive population in 
the era of HAART. As the risk of breast cancer increases 
with age, it is hypothesized that the increased longevity 
of patients with HIV taking HAART is associated with the 
increased occurrence of neoplastic breast conditions.9–11 
Work from Pantanowitz et al12 suggests that people liv-
ing with HIV and being treated with HAART should be 
expected to encounter breast malignancy at higher rates. 
Thus, it is necessary and relevant to question what should 
be considered appropriate management of breast cancer 
in the population of people living with HIV.

Previous research has speculated about the impact of 
HIV and HAART on postoperative complication rates, 
although the evidence remains inconclusive. Elevated rates 
of postoperative complications, especially surgical site infec-
tion and wound healing challenges, are commonly corrob-
orated in patients with HIV and may be inversely correlated 
with CD4 counts at the time of surgery. These higher com-
plication rates are often attributed to the progressive immu-
nological compromise associated with unmitigated HIV 
infection.13,14 However, this elevated risk of complications 
may, amid mixed evidence, be greatly reduced in patients 
on HAART with adequate CD4 counts.15–17

As the incidence of breast cancer increases for patients 
living with HIV, the safety and efficacy of breast recon-
struction in this population must be explored as it is 
an important aspect of surgical management for many 
patients diagnosed with breast cancer.18–20 The popula-
tion of patients diagnosed with cancer and not living with 
HIV has previously demonstrated an increased utilization 
of breast reconstruction, and this trend continues in the 
HIV-positive population.14,21 This reality and the nuances 
of HAART, including the fact that immune restoration 
after HAART can lead to acute inflammatory responses 
that may complicate breast reconstruction outcomes, 
necessitates an evaluation of breast reconstruction and 
outcomes in this understudied population.22,23 Our study 
leverages national data to depict breast reconstruction in 
HIV-positive patients and investigate the ways in which 
breast reconstruction differs between HIV-positive and 
HIV-negative individuals.

METHODS
We conducted a retrospective analysis of the Merative 

MarketScan Research Databases, a large multipayer data-
base, to evaluate demographic characteristics and postop-
erative outcomes in HIV-positive and HIV-negative adult 

patients who underwent breast reconstruction between 
2007 and 2021.24 The Merative MarketScan Research 
Databases contain inpatient claims, outpatient claims, and 
prescription data for 182,915,708 unique patients with 
capacity for longitudinal assessment. Those who under-
went implant-based or autologous breast reconstruction 
were identified using Common Procedural Terminology 
(CPT) codes and Healthcare Common Procedural 
Coding System codes. CPT codes were also used to identify 
patients who underwent mastectomy procedures on the 
same day as the index breast reconstruction procedure; 
these patients were considered to have undergone imme-
diate breast reconstruction. HIV-positive individuals were 
defined as those who had an HIV diagnosis [International 
Classification of Disease, ninth (ICD-9) and tenth (ICD-
10) edition] code. The authors assumed that any patients 
with HIV undergoing reconstructive surgery were taking 
HAART, as surgeons would be unlikely to perform an elec-
tive procedure in the setting of uncontrolled HIV.

Procedure-related complications [seroma, hematoma, 
dehiscence, acquired breast deformity, infection, fat 
necrosis, tissue necrosis, deep vein thrombosis (DVT) or 
other vascular complication, nonspecified complications 
of surgical care, and surgical complications (drainage 
and/or secondary closures)] within 90 days of the index 
breast reconstruction were recorded. Revision procedures 
(removal of intact breast implant, removal of ruptured 
breast implant, revision of capsule or breast, peri-implant 
capsulectomy, and revision of reconstructed breast) within 
90 days of the index breast reconstruction were likewise 
recorded. Procedure and diagnosis codes can be found 
in the supplemental materials. (See table, Supplemental 
Digital Content 1, which displays the CPT and Healthcare 
Common Procedural Coding System codes used to 
identify patients in the Merative MarketScan Research 
Databases undergoing implant-based or autologous breast 
reconstruction. http://links.lww.com/PRSGO/D405.) 
(See table, Supplemental Digital Content 2, which dis-
plays the ICD-9 and ICD-10 codes used to identify patients 

Takeaways
Question: How do breast reconstruction and subse-
quent outcomes compare between HIV-positive and HIV-
negative individuals?
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2021 were identified using International Classification 
of Disease codes and Common Procedural Terminology 
codes. HIV-positive patients were younger, underwent 
surgery more recently, and more often underwent imme-
diate breast reconstruction. Although HIV-positive indi-
viduals had higher comorbidity levels, they did not have 
increased odds of experiencing complications.

Meaning: Breast reconstruction is safe to perform after 
surgical breast cancer management in patients living with 
HIV utilizing highly active antiretroviral therapy.
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in the Merative MarketScan Research Databases with 
HIV and those who experienced complications after the 
index reconstruction procedure. http://links.lww.com/
PRSGO/D406.)

Among this study population, demographic, opera-
tive characteristics, complication rates, and revision 
surgery rates were compared among HIV-positive and 
HIV-negative individuals. Multivariable logistic regression 
produced adjusted odds ratios (ORs) for experiencing 
one or more complications or for undergoing revision 
surgery following the index breast reconstruction for each 
of the following covariates: (1) age; (2) year of the index 
breast reconstruction; (3) HIV status; (4) reconstruction 
type; (5) immediate or delayed breast reconstruction; and 
(6) comorbidities, as measured by the Elixhauser index, 
an index that allows for the categorization of comorbidi-
ties based on ICD codes for a wide range of diseases.25

Shapiro-Wilk testing was used to determine whether 
continuous variables were normally distributed. Chi-
square, Wilcoxon-Mann-Whitney, and multivariable 
regression tests were used for statistical analysis. P values 
of less than 0.05 were considered statistically significant. 
All analyses were completed using Stata, version 16.1 
(Stata Corp LLC).

RESULTS
Among the 173,421 patients meeting inclusion criteria, 

1816 (1.0%) were categorized as HIV positive (Table 1). 
Most patients were middle-aged at the time of the index 
breast reconstruction (average age 49.47 ± 8.96 y), under-
went surgery before 2017, and had low comorbidity levels 
(59% had Elixhauser index scores of 0 or 1). Implant-based 
reconstruction was prevalent (77%), and the majority of 
patients (57%) underwent immediate breast reconstruc-
tion. Thirty percent of patients experienced at least one 
complication as a result of the index procedure, and 13% 
of patients underwent revision surgery. Breast reconstruc-
tion most often occurred in the South US region (43%), 
followed by North Central (20%), Northeast (18%), and 
West (17%).

When compared with HIV-negative patients, HIV-
positive patients, on average, were younger (P < 0.001), 
underwent surgery more recently (P < 0.001), more 
often underwent immediate breast reconstruction  
(P < 0.001), had higher comorbidity levels (P < 0.001), 
and more frequently underwent breast reconstruction 
in the Northeast (P < 0.001) (Table 2). Notably, HIV-
positive patients underwent revision surgery less often 
than HIV-negative patients (11% versus 13%; P = 0.009). 
There were no significant differences in reconstruc-
tion type (P = 0.059) or complication rates (P = 0.435) 
between the two groups.

Table 3 outlines rates of Elixhauser comorbidities 
between HIV-positive and HIV-negative cohorts, exclud-
ing cohort-defining (HIV and malignancy) diagnoses. 
Rates of all assessed comorbidities were significantly 
higher in the HIV-positive cohort than in the HIV-
negative cohort (P ≤ 0.003). Additional analyses involv-
ing a modified Elixhauser comorbidity index that omits 

cohort-defining diagnoses can be found in Supplemental 
Digital Contents 3 and 4. [See table, Supplemental Digital 
Content 3, which displays the patient factors associated 
with experiencing one or more complications after the 
index procedure in the study cohort (n = 173,421) in 
a multivariable logistic regression, utilizing a modi-
fied Elixhauser comorbidity index score that omits the 
contributions of HIV and cancer diagnoses. A total of 
51,389 (29.6%) patients experienced at least one com-
plication due to the index procedure. http://links.lww.
com/PRSGO/D407.] [See table, Supplemental Digital 
Content 4, which displays the patient factors associated 
with undergoing a revision after the index procedure in 
the study cohort (n = 173,421) in a multivariable logistic 
regression. A total of 22,992 (13.3%) patients underwent 
revision surgery after the index procedure, utilizing a 
modified Elixhauser comorbidity index score that omits 
the contributions of HIV and cancer diagnoses. http://
links.lww.com/PRSGO/D408.]

Table 1. Characteristics of the Study Cohort (n = 173,421)
Characteristic No. (%) 

Age, y  
 � 18–35 12,403 (7)
 � 36–45 42,443 (24)
 � 46–55 68,830 (40)
 � 56+ 49,745 (29)
Age  
 � Mean (± SD) 49.47 (±8.96)
Year of reconstruction procedure  
 � 2007–2011 67,680 (39)
 � 2012–2016 67,123 (39)
 � 2017–2021 38,618 (22)
HIV positive  
 � No 171,605 (99)
 � Yes 1816 (1)
Reconstruction type  
 � Implant-based 133,750 (77)
 � Autologous 39,670 (23)
Immediate reconstruction  
 � No 74,624 (43)
 � Yes 98,797 (57)
Elixhauser index  
 � 0 or 1 102,256 (59)
 � 2 15,623 (9)
 � 3 14,665 (8)
 � 4+ 40,877 (24)
Experienced 1+ complication  
 � No 122,032 (70)
 � Yes 51,389 (30)
Underwent revision  
 � No 150,429 (87)
 � Yes 22,992 (13)
Region  
 � Northeast 31,476 (18)
 � North Central 34,801 (20)
 � South 73,667 (43)
 � West 30,166 (17)
Unknown 3311 (2)
Entries are frequency (percentage) unless otherwise specified.

http://links.lww.com/PRSGO/D406
http://links.lww.com/PRSGO/D406
http://links.lww.com/PRSGO/D407
http://links.lww.com/PRSGO/D407
http://links.lww.com/PRSGO/D408
http://links.lww.com/PRSGO/D408
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Table 4 compares complication and revision surgery 
rates between the HIV-positive and HIV-negative cohorts. 
Interestingly, HIV-positive patients incurred fewer postop-
erative infections (4% versus 5%) and more nonspecified 
complications of surgical care (15% versus 14%) than their 
HIV-negative counterparts (P ≤ 0.046). There were no sig-
nificant differences between the two groups in rates of 
hematoma or hemorrhage, seroma, DVT or vascular com-
plications, wound dehiscence, acquired breast deformities, 
fat necrosis, tissue necrosis, or other surgical complica-
tions (requiring drainage and/or secondary closure). HIV-
negative patients more often underwent removal of intact 
breast implant (4% versus 3%; P = 0.009) and revision of 
reconstructed breast (7% versus 5%; P = 0.010) than HIV-
positive patients, although rates of other revision proce-
dures did not vary significantly between the two groups.

Table 5 describes patient characteristics associated 
with experiencing one or more complications following 
the index breast reconstruction procedure. Older age (P 
< 0.001), undergoing surgery more recently (P ≤ 0.042), 
undergoing autologous reconstruction (OR 1.799; P < 
0.001), undergoing immediate breast reconstruction (OR 

1.202; P < 0.001), and Elixhauser index scores of four or 
higher (OR 1.139; P < 0.001) were associated with increased 
odds of experiencing one or more complications, whereas 
Elixhauser scores of 2 or 3 (relative to scores of 0 or 1) 
were linked to lower odds of complications (P ≤ 0.005). 
HIV status did not have a significant impact on the odds 
of experiencing one or more complications (P = 0.120).

Table 6 displays patient characteristics associated with 
undergoing revision surgery after the index breast recon-
struction procedure. Older age (P ≤ 0.014), undergoing 
surgery before 2012 (P < 0.001), undergoing autologous 
reconstruction (OR 1.296; P < 0.001), undergoing imme-
diate reconstruction (OR 1.637; P < 0.001), and Elixhauser 
index scores greater than 1 (P ≤ 0.009) were associated 
with increased odds of undergoing revision surgery. 
Notably, patients with an HIV diagnosis had reduced odds 
of undergoing a revision procedure (OR 0.829; P = 0.013).

DISCUSSION
As demonstrated by the results in this study, the rate of 

breast reconstruction in the patient population of those 

Table 2. Characteristics of the Study Cohort (n = 173,421) among Those Categorized as HIV Positive (n = 1816) and HIV 
Negative (n = 171,605)
Characteristic HIV Negative (n = 171,605), N (%) HIV Positive (n = 1816), N (%) P 

Age, y    
 � 18–35 12,120 (7) 283 (15) <0.001
 � 36–45 41,895 (24) 548 (30)  
 � 46–55 68,201 (40) 629 (35)  
 � 56+ 49,389 (29) 356 (20)  
Age    
 � Mean (±SD) 49.51 (±8.95) 46.16 (±9.62) <0.001
Year of reconstruction procedure   <0.001
 � 2007–2011 67,446 (39) 234 (13)  
 � 2012–2016 66,504 (39) 619 (34)  
 � 2017–2021 37,655 (22) 963 (53)  
Reconstruction type    
 � Implant-based 132,383 (77) 1367 (75) 0.059
 � Autologous 39,221 (23) 449 (25)  
Immediate reconstruction    
 � No 73,936 (43) 688 (38) <0.001
 � Yes 97,669 (57) 1128 (62)  
Elixhauser index    
 � 0 or 1 101,936 (60) 320 (18) <0.001
 � 2 15,384 (9) 239 (13)  
 � 3 14,369 (8) 296 (16)  
 � 4+ 39,916 (23) 961 (53)  
Experienced 1+ complication   0.435
 � No 120,739 (70) 1293 (71)  
 � Yes 50,866 (30) 523 (29)  
Underwent revision    
 � No 148,816 (87) 1613 (89) 0.009
 � Yes 22,789 (13) 203 (11)  
Region    
 � Northeast 31,087 (18) 389 (21) <0.001
 � North central 34,458 (20) 343 (19)  
 � South 72,893 (43) 774 (43)  
 � West 29,868 (17) 298 (16)  
 � Unknown 3299 (2) 12 (1)  
Entries are frequency (percentage) unless otherwise specified. Statistical analyses conducted included chi-square, Shapiro-Wilk, and Wilcoxon-Mann-Whitney tests.
Values in boldface indicate significance of a P < 0.05.
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living with HIV has continued to increase in recent years. 
The safety and efficacy of this aspect of breast cancer sur-
gical management in these patients, however, are under-
studied. Viral suppression with HAART is a part of surgical 
optimization for patients living with HIV undergoing elec-
tive surgical procedures, and it should be presumed that 
all patients were utilizing an HAART regimen to suppress 

viral load at the time of operation. In the cohort of patients 
included in this study, there was no significant difference 
between the overall number of complications experienced 
by those living with HIV utilizing HAART and their HIV-
negative counterparts after breast reconstruction. As the 
presentation of breast cancer in patients living with HIV 
utilizing HAART is still a topic under investigation, these 

Table 3. Frequencies of Comorbidities Included in the Elixhauser Comorbidity Index within the Study Cohort (n = 173,421) 
among Those Categorized as HIV Positive (n = 1816) and HIV Negative (n = 171,605)
Elixhauser Comorbidity Index HIV Negative (n = 171,605), N (%) HIV Positive (n = 1816), N (%) P 

Congestive heart failure 3833 (2) 93 (5) <0.001
Cardiac arrythmias 15,279 (9) 373 (21) <0.001
Valvular disease 10,529 (6) 259 (14) <0.001
Hypertension 33,043 (19) 665 (37) <0.001
Anemia 11,558 (7) 332 (18) <0.001
Diabetes 11,805 (7) 240 (13) <0.001
Pulmonary circulatory disorders 2130 (1) 48 (3) <0.001
Peripheral vascular disorders 5451 (3) 134 (7) <0.001
Paralysis 569 (0.3) 14 (0.8) 0.001
Other neurological disorders 3930 (2) 96 (5) <0.001
Chronic pulmonary disease 17,402 (10) 393 (22) <0.001
Hypothyroidism 19,272 (11) 367 (20) <0.001
Renal failure 2709 (2) 80 (4) <0.001
Liver disease 12,373 (7) 310 (17) <0.001
Peptic ulcer disease (excluding bleeding) 1295 (1) 36 (2) <0.001
Lymphoma 1172 (1) 23 (1) 0.003
Rheumatoid arthritis/collagen vascular 6698 (4) 138 (8) <0.001
Coagulopathy 4854 (3) 120 (7) <0.001
Obesity 22,869 (13) 570 (31) <0.001
Weight loss 3502 (2) 99 (5) <0.001
Fluid and electrolyte disorders 13,428 (8) 345 (19) <0.001
Alcohol use disorder 1854 (1) 61 (3) <0.001
Drug use disorder 2227 (1) 81 (4) <0.001
Psychoses 403 (0.2) 13 (1) <0.001
Depression 27,092 (16) 707 (39) <0.001

Table 4. Rates of Nonsurgical and Surgical Complications and Revision Procedures in the Study Cohort (n = 173,421) 
among Those Categorized as HIV Positive (n = 1816) and HIV Negative (n = 171,605)
 HIV Negative (n = 171,605), N (%) HIV Positive (n = 1816), N (%) P 

Complication    
 � Hematoma or hemorrhage 4057 (2) 42 (2) 0.886
 � Seroma 6628 (4) 54 (3) 0.050
 � DVT or vascular complication 2235 (1) 20 (1) 0.452
 � Wound dehiscence 10,214 (6) 119 (7) 0.282
 � Postoperative infection 8141 (5) 68 (4) 0.046
 � Acquired breast deformity 2239 (1) 21 (1) 0.579
 � Fat necrosis 6287 (4) 78 (4) 0.155
 � Tissue necrosis 6182 (4) 59 (3) 0.421
 � Nonspecified complication of surgical care 23,174 (14) 276 (15) 0.036
 � Other surgical complication (drainage and/or secondary 

closure)
2368 (1) 23 (1) 0.680

Revision surgery    
 � Removal of intact breast implant 6879 (4) 51 (3) 0.009
 � Removal of ruptured breast implant 1040 (0.6) N < 11 —
 � Revision of capsule or breast 4583 (3) 39 (2) 0.169
 � Peri-implant capsulectomy 5478 (3) 52 (3) 0.428
 � Revision of reconstructed breast 12,029 (7) 99 (5) 0.010
A total of 51,389 (29.6%) patients experienced at least one complication after the index procedure. A total of 22,992 (13.3%) patients underwent revision surgery 
after the index procedure. Chi-square tests were used for statistical analysis.
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findings contribute to a limited existing body of work in 
this patient population. The results of this study demon-
strate that breast reconstruction is safe to perform after 
surgical breast cancer management in patients living with 
HIV utilizing HAART.

In this patient cohort, the characteristics of those liv-
ing with HIV utilizing HAART differed significantly from 
their non-HIV-infected counterparts. Patients were sig-
nificantly younger in the population of patients with HIV, 
had their reconstruction in more recent years, more often 
underwent immediate reconstruction, and had greater 
Elixhauser index scores.

Overall complication rates were relatively similar 
between HIV-positive (29%) and HIV-negative patients 
(30%; P = 0.435), although revision rates were higher in 
HIV-negative patients (13% versus 11%; P = 0.009). Prior 
evaluations demonstrating heightened odds of complica-
tions in HIV-positive individuals, notably wound healing 
failures and surgical site infections, may not account for 
disease progression and control. When comparing com-
plication rates in HIV-negative patients and HIV-positive 
patients with well-controlled disease and modern HAART, 
postoperative complication rates are broadly found to be 
comparable, as in our study.15–17,26 Interestingly, HIV diagno-
ses were associated with lower odds of revision. This finding 
contradicts some prior analyses that demonstrate compa-
rable or elevated revision rates in HIV-positive patients after 
some nonbreast operations, and warrants further study.27

To properly account for the impact of HIV status and 
HAART utilization on surgical outcomes after breast 
reconstruction, a multivariable logistic regression was per-
formed. Similar to data that exist in the current literature 
on the subject, patients 46 years of age and older, who had 
reconstruction after 2012, underwent autologous recon-
struction, underwent immediate reconstruction, and had 
an Elixhauser score of 4 or greater all had greater odds 
of experiencing one or more complications after breast 
reconstruction.28,29 Of note, patients with an Elixhauser 
score of 2 or 3 had significantly decreased odds of experi-
encing complications. Developed in 1998, the Elixhauser 
Comorbidity Index utilizes a set of 38 predetermined 
comorbidities from which patients are assigned a score 
based on the total number of comorbidities relevant to the 
patient based on hospital administrative data. These comor-
bidities were originally included in this index because they 
were identified as having impacts on resource allocation 
and clinical outcomes. This index has previously been used 
to meaningfully predict in-hospital mortality, length of stay, 
and other adverse events.30 Our analysis found elevated 
Elixhauser comorbidity scores in HIV-positive patients, rel-
ative to HIV-negative patients, in line with previous studies 
that posit greater comorbidity burden in individuals, and 
women in particular, who live with HIV.31–33

In our assessment, Elixhauser comorbidity scores 
of three or fewer were protective against complications, 
whereas Elixhauser scores of four or more were associated 

Table 5. Patient Factors Associated with Experiencing One or 
More Complications after the Index Procedure in the Study 
Cohort (n = 173,421) in a Multivariable Logistic Regression 

Characteristic 
Average OR of  

1+ Complication (95% CI) P 

Age, y   
 � 18–35 1 —
 � 36–45 1.030 (0.984–1.078) 0.208
 � 46–55 1.116 (1.068–1.166) <0.001
 � 56+ 1.184 (1.132–1.238) <0.001
Year of reconstruction procedure   
 � 2007–2011 1 —
 � 2012–2016 1.102 (1.075–1.130) <0.001
 � 2017–2021 1.036 (1.001–1.071) 0.042
HIV positive   
 � No 1 —
 � Yes 0.921 (0.830–1.022) 0.120
Reconstruction type   
 � Implant-based 1 —
 � Autologous 1.799 (1.757–1.842) <0.001
Immediate reconstruction   
 � No 1 —
 � Yes 1.202 (1.177–1.228) <0.001
Elixhauser index   
 � 0 or 1 1 —
 � 2 0.926 (0.900–0.963) <0.001
 � 3 0.943 (0.905–0.983) 0.005
 � 4+ 1.139 (1.106–1.173) <0.001
A total of 51,389 (29.6%) patients experienced at least one complication due 
to the index procedure.
CI, confidence interval.
Values in boldface indicate significance of a P < 0.05.

Table 6. Patient Factors Associated with Undergoing  
Revision Surgery after the Index Procedure in the Study 
Cohort (n = 173,421) in a Multivariable Logistic Regression

Characteristic 
Average OR of Revision 

(95% CI) P 

Age, y   
 � 18–35 1 —
 � 36–45 1.082 (1.016–1.151) 0.014
 � 46–55 1.146 (1.080–1.217) <0.001
 � 56+ 1.110 (1.044–1.180) 0.001
Year of reconstruction procedure   
 � 2007–2011 1 —
 � 2012–2016 0.815 (0.788–0.842) <0.001
 � 2017–2021 0.651 (0.622–0.682) <0.001
HIV positive   
 � No 1 —
 � Yes 0.829 (0.715–0.961) 0.013
Reconstruction type   
 � Implant-based 1 —
 � Autologous 1.296 (1.256–1.338) <0.001
Immediate reconstruction   
 � No 1 —
 � Yes 1.637 (1.589–1.686) <0.001
Elixhauser index   
 � 0 or 1 1 —
 � 2 1.075 (1.018–1.134) 0.009
 � 3 1.080 (1.021–1.142) 0.007
 � 4+ 1.319 (1.268–1.371) <0.001
A total of 22,992 (13.3%) patients underwent revision surgery after the index 
procedure.
CI, confidence interval.
Values in boldface indicate significance of a P < 0.05.
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with increased odds of complications. Likewise, Elixhauser 
scores above one were correlated with elevated odds of 
revision. Typically, patients with increased Elixhauser 
scores are associated with worse outcomes, but it is pos-
sible that this level of score allows patients to be identi-
fied by the healthcare team as vulnerable patients at risk 
for complications. This would allow for closer care man-
agement that lowers their risk for complications. Above a 
certain threshold of Elixhauser score, however, this pro-
tective factor likely becomes negligible and increases the 
patient’s risk for complications.

Limitations
The Merative MarketScan Research Databases enable 

an unprecedented analysis of breast reconstruction  
outcomes in a considerable sample of HIV-positive  
and -negative individuals. Nevertheless, the authors 
note several important limitations. First, the MarketScan 
Research Databases are not nationally representative 
and notably exclude many insurance modalities, such 
as Medicare and Medicaid, entities under which many 
individuals undergo breast reconstruction in the United 
States. Second, we utilized ICD and CPT codes to iden-
tify HIV diagnoses, breast reconstruction procedures, 
and other associated characteristics and outcomes. As 
such, inconsistencies and inaccuracies in coding practices 
could yield potential misclassification. Third, our cohort 
only includes patients who underwent surgery, and so 
those deemed to be at excessive risk for operation were 
excluded. Therefore, our study’s findings may not apply to 
all individuals with HIV considering breast reconstruction. 
Fourth, we assumed that all patients with HIV diagnoses 
undergoing reconstructive breast surgery would be under-
going HAART therapy because surgeons are unlikely to 
operate on individuals with uncontrolled HIV. However, 
this assumption is not guaranteed. Fifth, MarketScan 
Research Databases do not include qualitative data, and 
thus, we were unable to assess multifactorial patient and 
provider decision-making that is central to this topic.

CONCLUSIONS
As demonstrated by the results in this study, when 

other confounding factors are taken into account, HIV 
status and HAART utilization do not increase the odds of 
a patient experiencing complications after breast recon-
struction. This furthers the notion that breast reconstruc-
tion is both a safe and efficacious step in management for 
patients experiencing breast cancer while living with HIV 
and utilizing HAART. HIV and non-HIV-related malignan-
cies continue to be a problem in the HIV-infected popu-
lation utilizing HAART and require further research. By 
means of reducing HIV viral load, delaying the disease 
progression to AIDS, and restoring immunity, HAART 
increases survivability and decreases mortality among HIV-
infected individuals.34–36 The increased lifespan of those 
living with HIV on HAART also increases the burden 
of non-AIDS-defining malignancies in the population, 
including breast cancer. As breast reconstruction grows to 
be an increasingly popular component of postmastectomy 
care, future studies should continue to investigate trends 

and outcomes of breast reconstruction in this emerging 
subpopulation that will seek out plastic surgery as a part 
of their care.37
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