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Abstract

Objective: This study sought to evaluate presurgical HIV-related
immune characteristics and elucidate outcomes in HIV+ patients
who underwent open heart cardiac surgery.

Design: Retrospective IRB-approved study utilizing hospital elec-
tronic medical records and Society of Thoracic Surgeons database.
The study was conducted within a single integrated healthcare sys-
tem where subjects underwent surgery at two hospitals.

Participants: Subjects were HIV+ patients who underwent open
heart cardiac surgery from January 1, 2000 to December, 31, 2021
and followed for a period of two years postoperatively. Data review
with no active interventions; subjects had undergone open heart
surgery.

Results: Patient characteristics, co-morbidities, and outcomes
were compared in patients with HIV detectable viral load (HIV-DTL)
versus undetectable (HIV-UDL) viral load at the time of surgery.
90.2% of patients with UDL viral load were being treated with ART
at the time of surgery, versus only 9.8% of DTL patients (p = 0.02).
However, there was no significant differences between CD4+ cell
counts between patients with DTL vs UDL viral loads (p = 0.83). Ad-
ditionally, both groups had a wide range of CD4+ counts with both
groups having a wide range of CD4+ counts (137 — 1733 cells/mm?
in UDL patients vs 224 — 1467 cells/mm?3 in DTL patients). Post-op-
eratively, no patients had surgical site infections within 30 days of
surgery or sternal wound infection within 90 days of surgery. 2-year
mortality rate post-operatively was 9.7% overall with no differences
between the two groups.

Conclusions: This study demonstrated differences in patient
comorbidities between patients with HIV-DTL versus HIV-UDL vi-
ral load, including higher incidence of Type Il diabetes and lower
platelet count. This study found that HIV+ patients regardless of HIV
viral load had positive outcomes overall including low 2-year mor-
tality rates and low incidence of post-operative surgical site/ster-
nal wound infections. Our findings indicate that well managed HIV+
patients on antiretroviral therapy within an integrated healthcare
system can safely undergo cardiac surgery.
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Introduction

Abbreviations: AIDS: Acquired Immune Deficiency Syndrome;
ART: Anti-Retroviral Therapy; ASA: American Society of Anesthesiol-
ogists; CABG: Coronary Artery Bypass Graft; CPB: Cardio Pulmonary
Bypass; HIV-DTL: HIV Detectable Viral Load; HIV: Human Immuno-
deficiency Virus; ICU: Intensive Care Unit; STS: Society of Thoracic
Surgeons; HIV-UDL: HIV Undetectable viral load

An estimated 39 million people are infected with the Human
Immunodeficiency Virus-1 (HIV+) worldwide; among them, ap-
proximately 1.2 million live in the United States with 40,000
new infections annually [1]. Patients who are positive for HIV+
encompass a broad clinical spectrum of disease and a wide
range of immunologic function compromises [2]. HIV antiret-
roviral therapy (ART) has dramatically improved long-term sur-
vival for HIV+ patients who adhere to therapy [3,4].

An association between HIV and cardiovascular disease, es-
pecially late-stage infection, was identified in the pre-ART era
as early as the 1990s. Clinical and post-mortem reports from
the pre-ART era have suggested that patients infected with HIV
are at an increased risk for cardiovascular disease secondary to
associated comorbidities, opportunistic infections, traditional
cardiovascular risk factors, and infection with HIV itself [5-8].
While ART has significantly improved the long-term prognosis
of patients with HIV, ART itself, has also been associated with
numerous comorbidities [9]. Atherosclerosis, dyslipidemia, dia-
betes mellitus, lipodystrophy, renal function changes, osteope-
nia, and non-AIDS-defining cancers are increasingly described
as occurring prematurely in multiple HIV cohorts [10-13].

Of particular interest is the phenomenon of premature
atherosclerosis and associated cardiac disease in HIV patients
[14-16]. Compounding the association of HIV and cardiovascu-
lar disease, the increased lifespan for HIV+ patients taking ART
creates an increased opportunity for chronic degenerative dis-
eases such as cardiovascular disease and accompanying variety
of surgeries, including open heart surgeries, the risk of which is
almost doubled in HIV+ patients [17,18].

In fact, the development of cardiovascular disease in HIV+
patients has become one of the most significant issues in HIV
medicine [19-28]. The relative perioperative risk of HIV+ pa-
tients undergoing elective surgeries, including cardiac surgery,
has become better understood in the last decade [29-31]. This
study’s primary goal was to evaluate the impact of HIV infec-
tion (detectable vs. undetectable viral load) on surgical site
infection(s) development among individuals who are HIV+ and
undergo cardiovascular surgery in an integrated health care sys-
tem. Our secondary goal was to study the relationship between
HIV infection/viral load upon short- and long-term mortality in
this surgical population.

Methods

This study is a retrospective review of HIV+ patients aged 18
to 80 who have undergone cardiothoracic surgery from Janu-
ary 1, 2000, to December 31, 2021, at a single tertiary medical
center within the Kaiser Permanente health system in southern
California (KP SCAL). KP SCAL is a vertically and horizontally in-
tegrated health system actively managing 4.5 million patients
who purchase health insurance to access health care within this
closed system in south. Patients less than 18 years of age were
excluded from the study. The KP SCAL's institutional Review
Board approved this study, and subjects were not required to
provide informed consent for this data-only study. Patients who
underwent any cardiothoracic open-heart surgery requiring

cardiopulmonary bypass (i.e., coronary artery bypass grafting,
valve(s) repair/replacement, and aortic surgery) were included
in the study. This study did not include patients who had car-
diologic percutaneous procedures such as transaortic valve re-
placement or assist devices.

Patient data points included assessment of general demo-
graphic information, past medical history, co-morbid condi-
tions, detailed HIV history, all medications including ART history,
baseline immunologic laboratory parameters, baseline labora-
tory data, postoperative intensive unit data, survival data, com-
plications, and ICU length-of-stay.

The study subjects were categorized into two groups: 1) HIV-
infected with undetectable (HIV-1RNA <100 copies/mL) viral
load (HIV-UDL) or 2) HIV-infected with detectable (HIV-1RNA
>100 copies/mL) viral load (HIV-DTL). We defined ART adher-
ence based on pharmacy fill and refill data as receiving a multi-
drug antiretroviral regimen within 30 days before surgery. Data
was extracted from multiple sources, including hospital elec-
tronic medical records, institutional HIV Registry, and the Soci-
ety of Thoracic Surgeons (STS) Adult Cardiac Surgery Database
[32]. Due to the sensitive nature of HIV patient data, all data
was protected to maintain patient confidentiality. Data was
encoded, and patient names were anonymized and protected
using the National Institutes of Health process for "highly confi-
dential information," as well as Kaiser Permanente institutional
HIV data protection guidelines.

Data Analysis

The resultant sample size was determined by the number of
HIV+ patients having undergone cardiothoracic surgery within
the study dates in our healthcare system (data from all eligible
patients). Descriptive and inferential statistics were utilized to
evaluate the study outcomes. All study patients were classified
into one of two groups: HIV-DTL or HIV-UDL. All summary re-
sults are presented as mean and standard deviation for continu-
ous variables; categorical variables are presented as numbers
and percentages. Wilcoxon rank sum tests for continuous vari-
ables and Chi-square tests for categorical variables were used to
compare the groups. All analyses were conducted using SAS EG
version 8.2 (SAS INC, Cary, NC, USA), and p < 0.05 was consid-
ered statistically significant.

Results

Among the 65 HIV+ patients who met eligibility criteria,
three patients were excluded due to unknown status of HIV-
RNA1 viral load. The final study cohort included 53 HIV-UDL and
9 HIV-DTL patients.

Age, Sex, and BMI were similar between the two groups
(Table 1). Racial differences were apparent between the two
groups with a higher proportion of white individuals in the
HIV-UDL than the HIV-DTL (49% vs 33%, P=0.38). All patients
were classified as American Society of Anesthesiologists (ASA)
Category |V as a result of their severe systemic disease related
to cardiovascular disease. Case type (elective vs. urgent) was
evenly split amongst patients in the HIV-UDL group, while
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Table 1: Demographics.

HIV+ HIV+ P-Value
Viral Load Viral Load
Undetectable Detectable
N=53 N=9

Age 60.4 (10.4) 57.4(11.6) 0.53
Sex (Male) 51 (96.2%) 9 (100%) 0.55
Race 0.38
Caucasian 26 (49.1%) 3(33.3%)
Non-Caucasian 27 (50.9%) 6 (66.7%)
Body Mass Index 27.1(5.8) 27.6(5.1) 0.71
ASA Status NA
| 0 0
1l 0 0
1 0 0
\% 53 (100%) 9 (100%)
Case Type 0.28
Elective 28 (52.8%) 3(33.3%)
Urgent 25 (47.2%) 6 (66.7%)
Type of Surgery 0.54
CABG 27 (50.9%) 3(33.3%)
Valve 17 (32.1%) 3(33.3%)
CABG+Valve 7 (13.2%) 2(22.2%)
Aorta 1(1.9%) 0 (0%)
Other 1(1.9%) 1(11.1%)
HIV; Human Immunodeficiency Virus-1; ASA: American Society of Anesthesiolo-

gists; CABG: coronary artery bypass graft.
Data presented as mean (STD) for continuous variables.

Table 2: Human Immunodeficiency Virus History & Immune Charac-
teristics.

two-thirds of the HIV-DTL patients were urgent cases. (53% vs.
66.7%, P=0.28). A minority of patients underwent a combined
CABG/valve procedure (13% and 22% for HIV-UDL and HIV-DTL,
respectively), while most had a single procedure.

Patients with detectable HIV viral load all acquired HIV from
men having sex with men (MSM) transmission, while two-thirds
of the HIV-UDL group had this mode of transmission (100% vs
64%, P=0.03) (Table 2). At the time of surgery, compared with
HIV-DTL, a larger proportion of HIV-UDL were taking HAART
(86.8% vs. 55.6%, p=0.02). Although not statistically significant-
ly different, compared with the HIV-DTL group, the HIV-UDL was
more likely to have a history of Acquired Immune Deficiency
Syndrome (AIDS) (69.8% vs. 44.4%, P=0.14), had lived with HIV
for longer (11.9 vs. 9.3 years, P=0.41) and been on ART for a
longer period of time (10.5 vs. 7.4 years, P=0.23). Patients in
both groups were taking various ART therapies, with nucleoside
reverse transcriptase inhibitors most commonly identified. Both
patient groups had low normal CD4+ cell counts before surgery
(615.9 and 620.9 cell/ml® for HIV-UDL and HIV-DTL respectively).
Notably, patients in HIV-UDL group had a higher platelet count
than patients in the HIV-DTL (176,767 vs. 115,000, p = 0.07).

Preoperative infective endocarditis was present at twice the
proportion in the HIV-DTL group compared with the HIV-UDL
group, however, this was not statistically significant (22.2% vs.
11.3%, P=0.37), and there were no notable group differences
for the presence of preoperative chronic lung disease, cancer,
liver disease, cerebrovascular disease, illicit drug use, tobacco
use, or alcohol use (Table 3).

Patients in the HIV-UDL group were more likely to have re-

- Hl\:; 4 HIV+Viral Load | P-Value ceived a previous cardiac |r.1tervent|on (i.e. percqta.neous-coro-—
V"at"°:‘ bIU" e | Detectable nary stent), although the difference was not statistically signifi-
ectable cant (18.9% vs 0%, P =0.15) (Table 4). More than 60% of patients
N=53 N=9 had an assigned diagnosis of heart failure prior to surgery. The
HIV Risk Factor/Mode of 0.03 majority of the study subjects were placed on preoperative
HIV transmission . . . s .
angiotensin-converting enzyme inhibitors and preoperative
i 0 0, . . . . . e .
Men/Bisexual 34 (64.2%) 9 (100%) B-blockers, indicating that their cardiac conditions were active-
Other 19(35.8%) 0 (0%) ly monitored and managed. During the perioperative course,
Hx of Previous AIDS 37 (69.8%) 4 (44.4%) 0.14 blood products were administered less frequently for HIV-UDL
Years of HIV Infection 11.9 (7.6) 9.3 (8.6) 0.41 patients than HIV-DTL patients (35.8% vs. 66.7%, P=0.08). Red
Years on Highly Active 105 (6.6) 74(7.5) 0.23 blood cells were the blood product most commonly delivered
Antiretroviral Therapy T T ’ to patients perioperatively.
HAART at Time of Surgery| 46 (86.8%) 5 (55.6%) 0.02 . o . .
Overall, postoperative complications were rare, including
NRTI 36 (67.9%) 6 (66.7%) 0.94 . . . o . .
postoperative reintubation, readmission to the ICU, surgical site
0 9 . . . . . .
NNRTI 19(35.8%) 3(33.3%) 0.88 infections within 30 days of surgery, or sternal wound infections
Pl 27 (50.9% 5 (55.6% 0.80 I
( ) ( g Table 3: Co-Morbidities.
INSTI 19 (35.8%) 3(33.3%) 0.88 HIV+ HIV+
Other 24 (45.3%) 3 (33.3%) 0.50 Viral Load Unde- | ViralLoad De- | © V2lu€
Other HAART 4(7.5%) 1(11.1%) 0.72 tectable tectable
:D4+ Cell Count Prior to 615.9 (371.1) 620.9 (352.7) 0.83 N=53 N=9
urgery Infective Endocarditis 6 (11.3%) 2(22.2%) 0.37
CD8+ Cell Count 963.7 (541.6) | 1231.3(559.0) 0.12 Chronic Lung Disease 6 (11.3%) 1(11.1%) 0.99
CD4+/CD8+ Ratio 0.8 (0.6) 0.6 (0.4) 0.44 Illicit Drug Use within 1 L% o o ocs
White Blood Cell Count 6.9 (23) 6.3 (22) 0.21 year prior to Surgery ( ’ o) ( 0) '
Hematocrit 38.9(5.9) 37.6(4.1) 0.44 Liver Disease 6(11.3%) 1(11.1%) 0.99
Platelets 176757 (64723) | 115000 (27404) 0.07 Cancer 1(1.9%) 0 (0%) 0.68
Creatinine 1.3 (15) 1.7 (19) 0.62 Cerebrovascular 0 0
Data presented as mean (STD) for continuous variables. P-value<0.05 was con- | pisease 6(11.3%) 1(11.1%) 099
sidered statistically significant.
HIV: Human Immunodeficiency Virus-1; AIDS: Acquired Immune Deficiency Syn- Cerebrovascular Ac- 5 (9.4% 1(11.1% 0.88
drome; HAART: Highly Active Antiretroviral Therapy; NRTI: Nucleoside Reverse cident in past (9:4%) (11.1%) :
Transcriptase Inhibitors; NNRTI: Nucleoside Reverse Transcriptase Inhibitors; Pl:
Protease Inhibitors; INSTI: Integrase Strand Transfer Inhibitors. Tobacco Use 15 (28.3%) 2 (22.2%) 0.71
Data presented as mean (STD) for continuous variables.
P-value<0.05 was considered statistically significant. Alcohol Use 4(7.5%) 1(11.1%) 0.72
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Table 4: Cardiac History, Status & Perioperative Course.

Table 5: Surgical Infections, Complications, & Mortality.

HIV+ HIV+ P-Val HIV+ HIV+ P-Value
Viral Load Unde- | Viral Load De- “value Viral Load Undetect- | Viral Load De-
tectable tectable able tectable
N=53 N=9 N=53 N=9
Previous Cardiac Interven- Reintubation postop-
ﬁo:s' v et Y 10 (18.9%) 0 (0%) 0.15 erative postop 1(1.9%) 0 (0%) 0.68
Previous CABG 1(1.9%) 0 (0%) 0.68 ICU Readmission 1(1.9%) 1(11.1%) 0.15
Previous Percutaneous Surgical Site Infec-
Coronary Intervention 6(11.3%) 0 (0%) 0.29 tion within 30 days of 0 0
(stent) Surgery
Previous Ml 15 (28.3%) 2(22.2%) 0.71 Sternal Wound Infec-
Preoperative Cardiac Status R ; . tions within 90 Days of 0 0
. Surgery
NYHA Heart Failure* 33 (62.3%) 6 (66.7%) 0.80
PreOP ACE-Inhibitor 21 (39.6%) 4 (44.4%) 0.79 Reoperation for Bleed- 1(1.9%) 1(11.1%) 0.15
ing
PreOP Beta-Blocker 33 (62.3%) 4 (44.4%) 0.31 N
Reoperation for Any/ o .
Mechanical Assist Devices All Reasons 2 (3.8%) 0 (0%) 0.55
Intra-Aortic Balloon Bump 3 (5.6%%) 0 (0%) 0.46 Sepsis 0 0
ECMO 0 (0%) 0 (0%) NA Stroke 0 0
Perioperative Course Pneumonia 1(1.9%) 0 (0%) 0.68
Blood Products Use Periop- Renal Failure 0 0
eratively 19 (35.8%) 6 (66.7%) 0.08
. New Rhythm Change
(within 24 hours surgery) . 5(9.4%) 1(11.1%) 0.88
Requiring Pacemaker
Red Blood Cells 0.17 I
New Onset Atrial Fibril- o 0
None 36 (67.9%) 4 (44.4%) lation 11 (20.8%) 2(22.2%) 0.92
1- 6 Unit 17 (32.1%) 5 (55.6%) Readmission to Hos- ) (13.9% 0 (0% 0ds
Fresh Frozen Plasma 0.48 pital (13.2%) (0%) :
None 46 (86.8%) 7(77.8%) Readmission Reason
1-6 Unit 7(13.2%) 2(22.2%) Arrythmia 1(1.9%) 0 (0%)
Cryoprecipitate 0.72 CHF 2 (3.8%) 0 (0%)
None 49 (92.5%) 8 (88.9%) Respiratory/Pneu-
_ espiratory/Pneu 2 (3.8%) 0 (0%)
1- 6 Unit 4(7.5%) 1(11.1%) monia
Platelets 0.75 Other 2 (3.8%) 0 (0%)
None 45 (84.9%) 8 (88.9%) Mortality
1- 6 Unit 8(15.1%) 1(11.1%) Operative Mortality 0 0 NA
CABG: Coronary Artery Bypass Grafts; MI: Myocardial Infarction; ACE: Angioten- 30-day death post-
sin Converting Enzyme 1(1.9%) 0 (0%) 0.68
‘NYHA: New York Heart Association Classification standards. surgery
within 90 days of surgery (Table 5). There were no statistically  1-year death post- 3 (5.7%) 0.(0%) 0.46
. A7 (] B
significant differences between groups for any perioperative  surgery, cumulative
complication. Seven patients were readmitted to the hospital 2-year death post-
. P P . prial, year death pos 5 (9.4%) 1(11.1%) 0.88
all in the HIV-UDL group. There were no cases of operative mor-  surgery, cumulative

tality, a single death at 30-day post-surgery (HIV-UDL group),
two additional deaths 1-year post-surgery, and three additional
deaths two years post-surgery, with no significant differences
between groups.

Discussion

In this retrospective analysis of HIV+ patients undergoing
cardiothoracic surgery at a single tertiary medical center within
a large integrated healthcare system, we found that cardiovas-
cular surgery is safe in HIV+ patients regardless of detectable
HIV viral load. Both groups of HIV+ patients experienced over-
all positive outcomes, minimal rates of post-surgical infection,
complications, and mortality. Patients with detectable viral
loads tended to be more likely to undergo urgent surgery and
less likely to have received previous cardiac interventions than
those with undetectable viral loads.

Complication rates were very low in our cohort, with no
surgical site infections within 30 days of surgery and no sternal
wound infection within 90 days. There were also no incident
cases of sepsis, and only one patient with an undetectable viral

load experienced post-surgical pneumonia (1.9%). Other stud-
ies have also previously evaluated post-surgical infection rates
of HIV+ patients. One retrospective analysis by Wollner et al. of
16 HIV+ patients undergoing isolated CABG between 2005 and
2018 reported no sternal wound infection or mediastinitis [33].
In an older retrospective review by Trachiotis et al. evaluated
37 HIV+ patients undergoing CABG and valve replacement pro-
cedures, authors reported a 13.5% rate of post-surgical wound
infection, 2.7% rate of deep sternal infection, and 5.4% rate of
sepsis [34]. We evaluated patient mortality intraoperatively
and postoperatively at 30 days, 60 days, 90 days, 1 year, and 2
years. There were no cases of operative mortality in our patient
population and <10% cumulative postoperative mortality with-
in 2 years of cardiovascular surgery. One rationale for improve-
ments in mortality over time may be the decreased incidence of
endocarditis in HIV+ patient populations. As a result, fewer pa-
tients are receiving surgery due to endocarditis, and more are
receiving surgery due to the burden of chronic disease amongst
HIV patients, which may impact the chances for survival in this
patient population.
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Our findings indicate that even patients with sub-optimal
control of their HIV infection may safely undergo cardiac surgery.
This may be due in part to advancements in surgical technique
and perioperative management within an integrated healthcare
system with active cross-communication between primary care
providers and specialists. Another possible explanation for the
positive outcomes in our patient population may be a result of
model of care delivered within an integrated health system. The
role of integrated health systems offers many advantages, how-
ever, this remains an area that warrants further research [35].

Caring for HIV+ patients undergoing cardiac surgery requires
a multidisciplinary team of cardiologists, surgeons, primary care
physicians, anesthesiologists, nurses, physical therapists and in-
fectious disease specialists. An integrated health system allows
for improved communication amongst highly specialized physi-
cians and consistent team delivery, which may lead to improved
care coordination. One recent study indicates that dyad famil-
iarity between surgeon and anesthesiologist can reduce post-
operative morbidities and mortalities for complicated surgeries
[36]. In addition, our health plan model covers all patients simi-
larly, removing significant financial barriers to care access. One
study evaluating quality performance measures in the treat-
ment of HIV+ patients in an extensive integrated health system
found that the overall mortality rate of HIV+ patients is 50% of
the national average for similar patients, indicating that an in-
tegrated health system model may be conducive to the higher
quality of care in the treatment of HIV+ patients [37].

Patient demographics and clinical characteristics in our study
were somewhat comparable to those of other studies which
evaluated HIV+ patients undergoing cardiothoracic surgery.
However, in contrast to the Robich et al. study, in which HIV+
patients were more likely to have valve procedures, our study
found that CABG procedures were the most common cardiac
surgery performed [38]. While not statistically significant, our
study revealed that within our healthcare system, HIV+ patients
with detectable HIV viral loads had a higher incidence of ur-
gent/emergent surgery compared to HIV+ patients with unde-
tectable viral loads. This contrast between groups may indicate
that preoperative characteristics of HIV+ patients, such as de-
tectable viral load, may contribute to the likelihood of increased
need or urgency for surgery. Our study suggests that there may
be subtle differences in the urgency for cardiac surgery in HIV+
patients with detectable viral load, despite having low-normal
CD4 cell counts.

A cohort study of the National Inpatient Sample (United
States) observing rates of cardiac procedures found that patients
with asymptomatic HIV infection received cardiac interventions
at the same rate as uninfected adults hospitalized with the
Acute Coronary Syndrome (ACS). Even over the past ten years,
patients with symptomatic HIV/AIDS were less likely to undergo
cardiac intervention (cardiac catheterization, percutaneous cor-
onary intervention, and coronary artery bypass grafting) than
uninfected adults hospitalized with ACS [39]. Therefore, in our
study cohort, differences in cardiac intervention may partially
be explained by differences in the history of prior AIDS since
patients with detectable viral load had a higher percentage of
previous AIDS history. Overall, our findings, in combination with
previous research, indicate that patients with higher viral load
tend to receive lower rates of cardiac intervention. Our find-
ings also indicate that outcomes of cardiac intervention in HIV
patients are generally positive irrespective of viral load. Further
research is likely needed in this sector.

Despite differences in HIV viral load within our study cohort,
both groups of HIV+ patients in our study had CD4 counts that
averaged in the low normal range. HIV infection has a predilec-
tion and resultant cytotoxicity for CD4+ T-cells; persistent, un-
treated HIV infection leads to the eventual depletion of CD4+
T-cells over approximately ten to twelve years. Whereas non-
HIV-infected patients have a CD4+ T-cell count of 500 to 1500
cells/mP?, HIV+ patients may manifest significantly compro-
mised CD4+ T-cell counts well below the normal range at the
initial diagnosis or presentation for cardiac surgery.

We offer two explanations for this noted similarity between
the two groups. First, older recommendations for ART initiation
did not advocate beginning anti-viral therapy until CD4+ T-cell
counts diminished below 350 cells/ml?, while newer recom-
mendations suggest that ART should be initiated before CD4+
cells decrease below 500 cells/ml3. Therefore, even HIV+ pa-
tients in the ART era can have a relatively large range of CD4+
T-cell counts. Second, HIV viral loads may sometimes become
detectable despite compliance with ART, therefore, this may
reflect the natural variation. Detectable HIV viral load and low
CD4+ cell count are both important prognostic indicators of
surgical outcomes in HIV+ patients undergoing a wide range of
surgical procedures [40].

The main limitation of our study was a small sample size. As
a result of the small sample size, some clinically meaningful dif-
ferences between the two groups of patients were not statisti-
cally significant. The low incidence of HIV infection in the United
States makes it difficult to study large cohorts of HIV+ patients
who receive care within a closely coordinated system. Addi-
tionally, care provided in an integrated health system may not
be generalizable to traditional non-integrated health systems
in the United States. Further studies may be done to explore
differences in mortality and outcomes between HIV+ patients
and uninfected patients undergoing cardiovascular procedures
within an integrated health system.

Overall, our study found that cardiovascular surgery is safe
in HIV+ patients regardless of detectable HIV viral load; both
groups of HIV+ patients experienced overall positive outcomes
and minimal post-surgical infection, complications, and mortal-
ity rates.

Patients with detectable HIV viral loads tended to be more
likely to undergo urgent surgery and less likely to have received
previous cardiac interventions than patients with undetectable
viral loads. However, despite patients with detectable viral load
presenting more urgently for their surgeries, their post-surgical
outcomes, infection rates, and mortality rates were low and not
statistically significantly different from those of patients with
detectable viral load.

Our findings indicate that even patients with sub-optimal
control of their HIV infection may safely undergo cardiac sur-
gery with proper perioperative management.
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