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IMPORTANCE Antiretroviral therapy (ART) has converted human immunodeficiency virus
(HIV) infection into a chronic condition, and patients now undergo a variety of surgical
procedures, but current surgical outcomes are inadequately characterized.

OBJECTIVE To compare 30-day postoperative mortality in patients with HIV infection
receiving ART with the rates in uninfected individuals.

DESIGN, SETTING, AND PARTICIPANTS Retrospective analysis of nationwide electronic medical
record data from the US Veterans Health Administration Healthcare System, October 1, 1996,
to September 30, 2010. Common inpatient surgical procedures were grouped using the
Healthcare Cost and Utilization Project Clinical Classification System to match HIV-infected
and uninfected patients in a 1:2 ratio. Data on 1641 patients with HIV infection receiving
combination ART who were undergoing inpatient surgery were compared with data on 3282
procedure-matched, uninfected comparators. Poisson regression models of 30-day
postoperative mortality were adjusted for procedure year, age, Charlson Comorbidity Index
score, hemoglobin level, albumin level, HIV infection, CD4 cell count, and HIV-1 RNA level.

MAIN OUTCOMES AND MEASURES All-cause 30-day postoperative mortality.

RESULTS The most common procedures in both groups were cholecystectomy (10.5%), hip
arthroplasty (10.5%), spine surgery (9.8%), herniorrhaphy (7.4%), and coronary artery
bypass grafting (7.0%). In patients with HIV infection, CD4 cell distributions were 80.0%
with 200/μL or more, 16.3% with 50/μL to 199/μL, and 3.7% with less than 50/μL; 74.1% of
patients with HIV infection had undetectable HIV-1 RNA. Human immunodeficiency virus
infection was associated with higher 30-day postoperative mortality compared with the
mortality in uninfected patients (3.4% [56 patients]) vs 1.6% [53]); incidence rate ratio [IRR],
2.11; 95% CI, 1.41-3.17; P < .001). CD4 cell count was inversely associated with mortality, but
HIV-1 RNA provided no additional information. After adjustment, patients with HIV infection
had increased mortality compared with uninfected patients at all CD4 cell count strata
(�500/μL: IRR, 1.92; 95% CI, 1.02-3.60; P = .04; 200-499/μL: IRR, 1.89; 95% CI, 1.20-2.98;
P = .01; 50-199/μL: IRR, 2.66; 95% CI, 1.29-5.47; P = .01; and <50/μL: IRR, 6.21; 95% CI,
3.55-10.85; P < .001). Hypoalbuminemia (IRR, 4.35; 95% CI, 2.78-6.81; P < .001) and age in
decades (IRR, 1.47; 95% CI, 1.23-1.76; P < .001) were also strongly associated with mortality.

CONCLUSIONS AND RELEVANCE Current postoperative mortality rates among individuals with
HIV infection who are receiving ART are low and are influenced as much by hypoalbuminemia
and age as by CD4 cell status. Human immunodeficiency virus infection and CD4 cell count
are only 2 of many factors associated with surgical outcomes that should be incorporated into
surgical decision making.
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A ntiretroviral therapy (ART) has transformed human im-
munodeficiency virus (HIV)/AIDS into a chronic dis-
ease with survival measured in decades,1,2 and pa-

tients with HIV infection are now candidates for a range of
surgical procedures; however, the relationship between im-
proved overall survival and short-term surgical outcomes is un-
clear. Studies3-9 published early in the HIV pandemic docu-
mented dramatically higher morbidity and mortality following
surgical procedures in patients with HIV infection compared
with uninfected individuals. More recent studies10-15 in the ART
era showed improved outcomes of selected surgical proce-
dures. Indeed, successful solid-organ transplants in individu-
als with HIV infection are increasingly common, despite the
challenges of managing organ rejection in immunocompro-
mised patients.16-19 The HIV-1 RNA and CD4 cell count may cor-
relate with surgical outcomes and play a role in surgical deci-
sion making.15,20-25

The low population prevalence of HIV infection in the
United States (estimated at 0.4%)26 makes it difficult to moni-
tor changing patterns of surgical outcomes among patients with
HIV infection. Data collected from single institutions or even
multi-institutional collaborative studies may have insuffi-
cient numbers to power meaningful analyses of important ad-
verse outcomes, such as death. Two large, multispecialty sur-
gical studies15,25 examined outcomes in patients with HIV
infection since the advent of combination ART and included
operations through 2002; only 1 of these studies contained un-
infected comparator patients. The effectiveness of ART has im-
proved dramatically since that time, with most patients re-
ceiving ART now achieving HIV-1 RNA suppression and
significant immune system reconstitution.27 To our knowl-
edge, no study has compared surgical outcomes among pa-
tients with HIV infection receiving modern ART and unin-
fected individuals matched by surgical procedure.

The Veterans Health Administration (VA) is the largest
single provider of health care in the United States, with more
than 5 million veterans receiving care,28 including more than
40 000 HIV-infected veterans; this is one of the largest co-
horts of patients receiving treatment for HIV infection in the
world. The VA uses an electronic medical record and central
data repositories containing nationwide clinical and admin-
istrative data. We used VA databases to examine postopera-
tive 30-day mortality following a variety of common surgical
procedures in a nationwide cohort of HIV-infected veterans re-
ceiving ART from October 1, 1996, to September 30, 2010, and
uninfected comparator patients matched by procedure. We ex-
plored the current relationship between perioperative mor-
tality and indicators of immune function, anemia, and hypo-
albuminemia among HIV-infected and uninfected individuals.
We hypothesized that the 30-day postoperative mortality rate
of patients with HIV infection is relatively low and that non-
HIV biomarkers have a major influence on outcomes.

Methods
The Veterans Aging Cohort Study Virtual Cohort (VACS-VC) uses
VA clinical and administrative databases and a validated

algorithm29 to identify all HIV-infected veterans who re-
ceived care within the VA from October 1, 1996, to September
30, 2010. The VACS-VC contains detailed data from the date of
enrollment in the VA on 132 540 patients, including 44 180 HIV-
infected veterans, and 2 uninfected comparator patients
(n = 88 360) matched to each HIV-infected patient on age, sex,
race, geographic region, and year of enrollment for VA care.
The VACS-VC data include demographics, comorbid condi-
tions, survival, medications, laboratory values, hospital ad-
missions, outpatient treatment encounters, and diagnosis and
procedure codes.

We studied mortality after major inpatient surgical pro-
cedures on patients in the VACS-VC. This study was approved
by the institutional review boards of the VA Connecticut
Healthcare System and Yale University, with a waiver of in-
formed consent. The VACS-VC determines vital status by com-
bining VA, Social Security Administration, and Medicare death
data.30 Using all major surgeries in VACS-VC patients would
have led to an imbalance of procedure types between HIV-
infected and uninfected patients, possibly distorting out-
comes. To avoid this imbalance, we employed a surgical pro-
cedure matching protocol using the Healthcare Cost and
Utilization Project Clinical Classification System (CCS)31 based
on groupings of International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM), procedure codes.32

We selected for analysis CCS groupings of common major sur-
gical procedures representing multiple surgical specialties per-
formed on patients in the VACS-VC database (eTable in the
Supplement) and then matched patients without replace-
ment within CCS procedure categories, randomly selecting 1
HIV-infected patient receiving ART for every 2 uninfected pa-
tients. Unmatched patients were excluded from the analysis.
After the matching was complete, we combined some CCS cat-
egories for descriptive and analytic purposes (eTable in the
Supplement). When patients had several dates of surgery, only
the first surgery date was used in the analysis. Multiple ICD-
9-CM procedure codes on the same day were considered part
of the same procedure; when hernias, appendectomies, and
lysis of adhesions were performed with other procedures, they
were analyzed as part of the primary procedure CCS group-
ing. The year of surgery was analyzed as a continuous vari-
able using cubic splines and 3 knots.33

To adjust for comorbid disease in our regression analy-
ses, we used ICD-9-CM codes and a modification of the Charl-
son Comorbidity Index34-36 that omitted symptomatic HIV in-
fection, since HIV infection was coded as a separate variable
(ICD-9-CM codes 042-044).15 For descriptive purposes, we also
used ICD-9-CM diagnosis codes to define selected common co-
morbid conditions: cancer, congestive heart failure, coronary
artery disease, diabetes mellitus, hepatitis C infection, hyper-
tension, and renal insufficiency. Each comorbid condition was
defined by the presence of at least 2 outpatient codes or 1 in-
patient code recorded within 2 years before the date of
surgery.37 Age was calculated at the date of surgery. Race was
categorized as white, black, or other.

Our analysis included laboratory values for serum hemo-
globin, serum albumin, HIV-1 RNA, and CD4 cells. We used the
most recent available laboratory values collected within 1 year
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of surgery. All laboratory data had nonnormal distributions and
were categorized using clinically meaningful cut points. Se-
rum hemoglobin less than 10 g/dL (to convert to grams per li-
ter, multiply by 10) was classified as anemia, and serum albu-
min less than 3.5 g/dL (to convert to grams per liter, multiply
by 10) was classified as hypoalbuminemia.38 We allocated pa-
tients to 1 of 6 CD4 count categories (uninfected or HIV-
infected and a CD4 cell count of ≥500/μL, 350-499/μL, 200-
349/μL, 50-199/μL, or <50/μL).38-40 The categories of HIV-1 RNA
were uninfected or HIV-infected with undetectable (<500 copies/
mL) or HIV-infected with detectable (≥500 copies/mL) HIV-1
RNA41 (some early laboratories did not quantify values <500
copies/mL). We defined ART based on pharmacy fill and refill
data as receiving a multidrug antiretroviral regimen within 30
days before surgery.

Demographics, comorbidities, and laboratory values were
tabulated and compared using the Wilcoxon signed rank test
for continuous variables and the χ2 test for categorical vari-
ables. There were missing laboratory values for serum hemo-
globin (11.6%) and serum albumin (17.4%) across all patients,
and HIV-1 RNA (3.1%) and CD4 cell count (3.2%) in patients with
HIV infection. Excluding cases with missing values may bias
results42; thus, we used multiple imputation to impute miss-
ing laboratory data and analyze results. The imputation model
included the outcome and all covariates and generated 10 im-
puted data sets. Results from regressions performed on the im-
puted data sets were combined using Rubin's rules.43

The primary study outcome was all-cause mortality within
30 days of surgery. Univariate Poisson regressions were used
to assess the relationships between 30-day mortality and HIV
infection, demographics, comorbidities, year and type of pro-
cedure, and laboratory values. We excluded variables from the
multivariate model that did not reach statistical significance
in the univariate regressions, and we collapsed categorical vari-
able strata with similar outcomes. The low numbers of deaths
precluded analyses of specific surgical procedures. We used
multivariate models adjusted for year of surgery, age, Charl-
son Comorbidity Index score, hemoglobin level, and albumin
level to explore the association between HIV infection, CD4
cell count, HIV-1 RNA, and mortality. All regressions used clus-
tering on CCS procedure grouping. The data met the assump-
tions of a Poisson regression model (goodness-of-fit χ2

= 830 651; P > .99). Analyses were performed using Stata, ver-
sion 13 (StataCorp).

Results
The CCS matching procedure yielded an analysis cohort of 4923
eligible matched surgical patients: 1641 HIV infected and 3282
uninfected (Table 1). Age, sex, race, and Charlson Comorbid-
ity Index scores were similar between the cohorts. Patients with
HIV infection were more likely to have surgery later in the study
(61.4% vs 50.2%; P < .001) and anemia (10.0% vs 6.9%; P < .001);
80.0% of the HIV-infected group had a CD4 cell count of 200/μL
or more, 16.3% of the HIV-infected group had a CD4 cell count
between 50 and 199/μL, 3.7% had a CD4 cell count of less than
50/μL, and 74.1% had undetectable HIV-1 RNA. The most com-

mon CCS surgical procedure groupings were cholecystec-
tomy (10.5% [519 patients]), hip arthroplasty (10.5% [516]),
spine surgery (9.8% [480]), herniorrhaphy (7.4% [363]), and
coronary artery bypass grafting (7.0% [345]) (Table 2). One hun-
dred nine patients (2.2%) died within 30 days of surgery; among
the deaths, 8 (7.3%) occurred on the day of surgery, 77 (70.6%)
during surgical hospitalization, and 24 (22.0%) after acute care
discharge. Infection was the cause of death in only 1 (1.8%) HIV-
infected patient and in 3 (5.7%) uninfected comparator pa-
tients.

HIV-Infected Patients
Patients with HIV infection had higher rates of unadjusted 30-
day mortality compared with uninfected patients (3.4% [56 pa-
tients] vs 1.6% [53]; incidence rate ratio [IRR], 2.11; 95% CI, 1.41-
3.17; P < .001). Age, Charlson Comorbidity Index score, anemia,
and hypoalbuminemia also had significant associations with
postoperative mortality (all P < .001). There was no associa-
tion of 30-day mortality with race, and with only 1 female death
the study was underpowered to examine sex. In analyses con-
fined to patients with HIV infection, a univariate model of HIV-1
RNA showed no association with mortality (IRR, 1.53; 95% CI,
0.88-2.65; P = .13). A forest plot of a multivariate model con-
taining both HIV-1 RNA and CD4 cell count (Figure) illus-
trated the lack of association between HIV-1 RNA and mortal-
ity, as well as the nearly identical mortality of patients in the
CD4 cell counts of 200/μL to 349/μL and 350/μL to 499/μL
strata. Thus, in subsequent models, we dropped HIV-1 RNA and
used a collapsed CD4 cell count stratum of 200 to 499/μL. Af-
ter adjusting for procedure year, age, Charlson Comorbidity In-
dex score, hemoglobin, and albumin, we found no mortality
difference between patients with HIV infection with a CD4 cell
count of 500/μL or more and those with a CD4 cell count of
200/μL to 499/μL (IRR, 0.97; 95% CI, 0.48-1.96; P = .92) or a CD4
cell count of 50/μL to 199/μL (IRR, 1.38; 95% CI, 0.85-2.25;
P = .19), and a marked increase when the CD4 cell count
dropped below 50/μL (IRR, 3.15; 95% CI, 1.56-6.35; P = .01)
(Table 3).

Comparing the Cohorts
Broadening the analysis to include both uninfected individu-
als and patients with HIV infection, in the univariate analysis
uninfected patients had a 1.6% 30-day postoperative mortal-
ity rate, there was little mortality difference in patients with
HIV infection with a CD4 cell count of 500/μL or more (2.2%;
IRR, 1.34; 95% CI, 0.72-2.51; P = .36), and mortality was in-
versely correlated with lower CD4 cell counts of 200/μL to
499/μL (3.1%; IRR, 1.91; 95% CI, 1.20-3.05; P = .01), 50/μL to
199/μL (5.2%; IRR, 3.24; 95% CI, 1.59-6.58; P = .01), and less than
50/μL (11.7%; IRR, 7.18; 95% CI, 4.24-12.16; P < .001). After ad-
justment, compared with uninfected patients, patients with
HIV infection with CD4 counts greater than 200/μL had ap-
proximately twice the mortality of uninfected patients, those
with a CD4 cell count from 50/μL to 199/μL had slightly greater
mortality (IRR, 2.66; 95% CI, 1.31-5.43; P = .01), and patients
with a CD4 cell count of less than 50/μL had markedly in-
creased mortality (IRR, 6.26; 95% CI, 3.38-11.69; P < .001)
(Table 3).
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Relative Importance of Other Predictive Factors
Hypoalbuminemia was present in 28.1% of our patients and had
a larger effect on mortality than all but the lowest CD4 cell count
stratum of less than 50/μL (Table 3). Stratified mortality esti-
mates of the combined effects of CD4 cell count, age, and hy-
poalbuminemia demonstrated their relative contributions to
30-day mortality (Table 4). Age was also a significant mortal-
ity risk predictor: the adjusted increased postoperative mor-
tality risk associated with HIV infection and a CD4 cell count
higher than 200/μL was equivalent to that of an uninfected pa-

tient 16 years older; for a CD4 cell count 50/μL to 199/μL, an
uninfected patient 25 years older; and for a CD4 cell count of
less than 50/μL, an uninfected patient 47 years older.

Discussion
We used a nationwide cohort of US military veterans to as-
sess the association between HIV infection and 30-day post-
operative mortality in the modern HIV treatment era. Our study

Table 1. Characteristics of HIV-Infected and Uninfected Surgery Patients

Characteristic

No. (%)

P Value
HIV-Infected
(n = 1641)

Uninfected
(n = 3282)

Age, median (IQR), y 54.3 (48.4-60.1) 54.5 (49.2-60.2) .23

Male sex 16 216 (98.5) 3213 (97.9) .16

Race

White 722 (44.0) 1462 (44.6)

.32African American 758 (46.2) 1541 (47.0)

Other 161 (9.8) 279 (8.5)

Charlson Comorbidity Index score, mean (SD) 1.41 (1.76) 1.47 (1.76)

0 645 (39.3) 1244 (37.9)

.28

1 351 (21.4) 721 (22.0)

2 348 (21.2) 649 (19.8)

3 165 (10.1) 356 (10.9)

≥4 132 (8.0) 312 (9.5)

Comorbid conditions

CAD 194 (11.8) 560 (17.1) <.001

Cancer 202 (12.3) 261 (8.0) <.001

CHF 54 (3.3) 160 (4.9) .01

Diabetes mellitus 242 (14.8) 799 (24.3) <.001

Hepatitis C 338 (20.6) 304 (9.3) <.001

Hypertension 632 (38.5) 1672 (50.9) <.001

Renal insufficiency 132 (8.0) 198 (6.0) .01

Procedure yearsa

1996-1997 45 (2.7) 168 (5.1)

<.001
1998-2004 589 (35.9) 1465 (44.6)

2005-2009 830 (50.6) 1435 (43.6)

2010 177 (10.8) 214 (6.5)

Hemoglobin, g/dL

≥10 1477 (90.0) 3055 (93.1)
<.001

<10 164 (10.0) 227 (6.9)

Albumin, g/dL

≥3.5 1180 (71.9) 2409 (73.4)
.31

<3.5 461 (28.1) 873 (26.6)

CD4 count, cells/μL

≥500 600 (36.5) NA

350-499 358 (21.8) NA

200-349 355 (21.7) NA

50-199 268 (16.3) NA

<50 60 (3.7) NA

HIV-1 RNA, copies/mL

<500 1217 (74.1) NA

≥500 424 (25.9) NA

Abbreviations: CAD, coronary artery
disease; CHF, congestive heart
failure; HIV, human
immunodeficiency virus;
IQR, interquartile range;
NA, not available.

SI conversion factors: To convert
albumin and hemoglobin to grams
per liter, multiply by 10.
a Procedure year categories were

derived from cubic spline knots
used in Poisson regressions.
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offers significant advantages over the 2 other published ART-
era multispecialty surgical outcomes studies15,25 of patients
with HIV infection. Horberg et al15 studied 332 HIV-infected and
HIV-noninfected patient pairs matched on surgical proce-
dure in Northern California, but their study size was modest
and the trial ended in 2002. Wiseman et al25 studied 1322 HIV-
infected surgery patients in British Columbia, but their study
also ended in 2002 and they had no uninfected comparator
group. The present study used a nationwide sample contain-
ing more patients with HIV infection who were receiving ART,
an uninfected comparator group matched on surgical proce-
dure, and data through 2010. Unlike earlier reports of high
surgical mortality in HIV-infected individuals, the patients
receiving ART in our study had a relatively low 3.4% rate of 30-
day postoperative mortality. Furthermore, postoperative mor-
tality in HIV-infected individuals is influenced as much by hy-
poalbuminemia and age as by HIV status. For example, after
adjustment, HIV-infected individuals with a CD4 cell count
higher than 200/μL can be expected to have a postoperative
mortality rate similar to that in an uninfected individual 16
years older: surgery on a 50-year-old patient with HIV infec-
tion who is receiving ART has a 30-day mortality risk similar
to that of a 66-year-old individual without the infection.

Surgery on patients with HIV infection in the early years
of the HIV pandemic was accompanied by substantial com-
plications and mortality. Worse outcomes were associated with
active opportunistic infections, concurrent organ failure, low
serum albumin, and low CD4 cell count.3-9 Most of these sur-
gical series were relatively small, from a single institution, and
lacked a control group, instead using historical comparators
to interpret the findings. Because the death and complica-
tion rates decreased with the development and dissemina-
tion of drugs used in ART in the mid-1990s, many studies were
underpowered to examine fatalities, instead focusing on non-
fatal complications, or longer follow-up intervals. Those few

Table 2. CCS Groupings of Surgical Proceduresa

CCS Grouping

No. (%)

HIV-Infected Uninfected
Cholecystectomy 173 (10.5) 346 (10.5)

Open 58 (3.5) 116 (3.5)

Laparoscopic 115 (7.0) 230 (7.0)

Hip arthroplasty 172 (10.5) 344 (10.5)

Spine surgery 160 (9.8) 320 (9.8)

Herniorrhaphy 121 (7.4) 242 (7.4)

CABG 115 (7.0) 230 (7.0)

Colon, sigmoid, rectum resection 114 (7.0) 228 (7.0)

Vascular access 109 (6.6) 218 (6.6)

Lower extremity amputation 107 (6.5) 214 (6.5)

Appendectomy 90 (5.5) 180 (5.5)

Lobectomy or pneumonectomy 89 (5.4) 178 (5.4)

Peripheral vascular bypass 68 (4.1) 136 (4.1)

Heart valve surgery 53 (3.2) 106 (3.2)

Knee arthroplasty 40 (2.4) 80 (2.4)

Prostatectomy 39 (2.4) 78 (2.4)

Nephrectomy 38 (2.3) 76 (2.3)

Intracranial surgery 33 (2.0) 66 (2.0)

Endarterectomy 31 (1.9) 62 (1.9)

Radical lymph node dissection 31 (1.9) 62 (1.9)

Lysis of adhesions 30 (1.8) 60 (1.8)

Thyroidectomy 21 (1.3) 42 (1.3)

CABG plus heart valve surgery 7 (0.4) 14 (0.4)

Total 1641 (100) 3282 (100)

Abbreviations: CABG, coronary artery bypass graft; CCS, Clinical Classification
System; HIV, human immunodeficiency virus.
a Based on groupings of International Classification of Diseases, Ninth Revision,

Clinical Modification, procedure codes. See eTable in the Supplement for
details of the groupings.

Figure. Relationship Between HIV-1 RNA, CD4 Cell Count, and 30-Day
Postoperative Mortality in Patients With Human Immunodeficiency
Virus (HIV) Receiving Antiretroviral Therapy

0 121110987654321

Incidence Rate Ratio

HIV-1 RNA ≥500 copies/mL
CD4 350-499 cells/μL
CD4 200-349 cells/μL
CD4 50-199 cells/μL
CD4 <50 cells/μL

Limit lines indicate 95% CIs. The reference group was patients with HIV
infection with a CD4 cell count of 500/μL or more and an undetectable HIV-1
RNA of less than 500 copies/mL (indicated by the vertical line).

Table 3. 30-Day Postoperative Mortality: Adjusted Multivariate Poisson
Regressionsa

Characterisic IRR (95% CI) P Value

HIV-Infected Patients
CD4 count, cells/μL

>500 1 [Reference]

200-499 0.97 (0.48-1.96) .92

50-199 1.38 (0.85-2.25) .19

<50 3.15 (1.56-6.35) .01

Age, per 10-y increase 1.60 (1.22-2.03) .01

Charlson Comorbidity Index score 1.16 (1.06-1.28) .01

Hemoglobin <10 g/dL 1.66 (0.82-3.37) .16

Albumin <3.5 g/dL 4.30 (2.53-7.31) <.001

All Patients

HIV infection status and CD4 count, cells/μL

Uninfected 1 [Reference]

Infected

≥500 1.92 (1.02-3.60) .04

200-499 1.89 (1.20-2.98) .01

50-199 2.66 (1.29-5.47) .01

<50 6.21 (3.55-10.85) <.001

Age, per 10-y increase 1.47 (1.23-1.76) <.001

Charlson Comorbidity Index score 1.18 (1.09-1.27) <.001

Hemoglobin <10 g/dL 1.37 (0.77-2.42) .28

Albumin <3.5 g/dL 4.35 (2.78-6.81) <.001

Abbreviations: HIV, human immunodeficiency virus; IRR, incidence rate ratio.

SI conversion factors: To convert albumin and hemoglobin to grams per liter,
multiply by 10.
a Model was also adjusted by procedure year modeled using cubic splines.
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studies that examined death often were underpowered to
perform multivariate analyses. Some reports continued to
show increased complications22,23,44-50 and death44,46,49 in
patients with HIV infection, but others documented declin-
ing rates of surgical complications and deaths in the HIV
infection group that rivaled those experienced by uninfected
individuals across many surgical specialties including
orthopedics,51-57 cardiovascular surgery,13,58-61 bariatric
surgery,62 transplant surgery,16,24,63 obstetrics,10,11,64 urologic
surgery,65 neurosurgery,66 and general surgery.12,14,15

Not all patients with HIV infection have the same progno-
sis. Patients receiving ART, especially those who maintain or
regain immune function, are likely to have more favorable
health outcomes. CD4 cell count is an indicator of immune sys-
tem function.67 The most common CD4 cell count threshold
used in surgical decision making in patients with HIV infec-
tion has been 200/μL since the Centers for Disease Control and
Prevention began classifying the CD4 cell count into 3 catego-
ries: 500/μL or more, 200/μL to 499/μL, and less than 200/μL.39

Some reports3,6,20,46,49,68-71 have shown worse outcomes as-
sociated with a CD4 cell count of less than 200/μL, whereas
others15,48,72,73 have not. The CD4 threshold of 200/μL has also
been used as a criterion for inclusion in studies24,74 of solid-
organ transplantation in patients with HIV infection.

In our study, HIV infection was associated with a postop-
erative mortality rate approximately twice that of uninfected
individuals, and among patients with HIV infection, a CD4 cell
count of less than 50/μL was associated with a substantially
higher rate of mortality (Table 3). These findings are similar
to those of the 2 large ART era multispecialty surgical case se-
ries that identified a CD4 threshold of 50/μL as the best pre-

dictor of morbidity15 or mortality,25 with other CD4 count val-
ues not providing meaningful mortality discrimination. Our
larger number of patients and case matching methods may ex-
plain why we were able to document an additional CD4 cell
count mortality threshold of 200/μL. Only 3.7% of our pa-
tients had a CD4 cell count of less than 50/μL, which is con-
sistent with data indicating that nearly all patients with HIV
infection receiving ART are currently maintaining CD4 cell
counts of more than 50/μL.27 The markedly elevated 30-day
postoperative mortality rate associated with a CD4 cell count
of less than 50/μL is thus relevant for only a small portion of
modern surgical patients with HIV infection receiving ART.

We did not find an independent effect of HIV-1 RNA on peri-
operative mortality. Some studies have shown an association
between HIV-1 RNA and postoperative complications,15,63 but
others failed to show an independent association between
HIV-1 RNA and postoperative mortality25,44,46 or compli-
cations.9,44,64 A total of 74.1% of our patients had undetect-
able HIV-1 RNA at the time of surgery; this is a proportion
similar to estimates based on US Department of Health and
Human Services data indicating that 78% of patients receiv-
ing ART have HIV-1 RNA of less than 200 copies/mL.75 In our
study, CD4 cell count was highly predictive of mortality, but
HIV-1 RNA provided no additional information. All of our
HIV-infected study population was receiving ART, thereby
lowering HIV-1 RNA levels and reducing variation and predic-
tive power.

The association between HIV infection, CD4 cell count, and
mortality must be viewed in the context of other factors as-
sociated with perioperative mortality. Many uninfected pa-
tients have postoperative risks that exceed those of HIV-

Table 4. Stratified, Adjusted 30-Day Postoperative Mortality Rates Estimated From Multivariate
Poisson Regressiona

Characteristic Age, y Albumin, g/dL 30-d Mortality, % (95% CI)

Uninfected

45 ≥3.5 0.2 (0.0-0.4)

65 ≥3.5 0.4 (0.1-0.8)

45 <3.5 0.9 (0.1-1.7)

65 <3.5 1.9 (0.5-3.4)

HIV-infected, CD4, cells/μL

≥500

45 ≥3.5 0.4 (0.1-0.7)

65 ≥3.5 0.9 (0.3-1.4)

45 <3.5 1.7 (0.4-3.0)

65 <3.5 3.7 (1.3-6.2)

200-499

45 ≥3.5 0.4 (0.1-0.7)

65 ≥3.5 0.8 (0.2-1.5)

45 <3.5 1.7 (0.5-2.9)

65 <3.5 3.7 (1.3-6.1)

50-199

45 ≥3.5 0.5 (0.2-0.9)

65 ≥3.5 1.2 (0.3-2.1)

45 <3.5 2.4 (0.9-3.9)

65 <3.5 5.2 (1.7-8.6)

<50

45 ≥3.5 1.3 (0.1-2.4)

65 ≥3.5 2.8 (0.4-5.1)

45 <3.5 5.6 (3.9-10.7)

65 <3.5 12.0 (16.9-22.4)

Abbreviations: HIV, human
immunodeficiency virus; IRR,
incidence rate ratio.

SI conversion factors: To convert
albumin to grams per liter, multiply by
10.
a Mortality rates were adjusted using

procedure year 2010 and mean
values for Charlson Comorbidity
Index score and hemoglobin level.
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infected patients with CD4 cell counts above 200/μL. For
example, a 45-year-old HIV-infected patient with a CD4 cell
count of 200/μL or more had a lower rate of 30-day postop-
erative mortality than did any 65-year-old uninfected patient
or a 45-year-old uninfected patient with hypoalbuminemia
(Table 4).

Limitations
The low mortality rate required us to pool results across sur-
gical procedures, and we cannot say whether the mortality dif-
ferential was uniform across various types of surgery. We stud-
ied a veteran population consisting primarily of men. Despite
procedure matching and multivariate adjustment, there may
be factors associated with postoperative mortality not cap-
tured in the VACS-VC database and unevenly distributed by HIV
status or among patients with HIV infection with different HIV-1
RNA levels or CD4 cell counts. Our analysis was limited to 30-
day postoperative mortality. Although analyses about 30-day
postoperative mortality are valuable and mortality correlates

with complications, clinicians and patients will be interested
in future studies about the relationship between HIV infec-
tion and postoperative complications (eg, infection, myocar-
dial infarction), disease-specific outcomes (eg, spinal fusion
rates, vascular graft patency), and patient-oriented out-
comes (eg, health-related quality of life, functional status, and
pain).

Conclusions
Among HIV-infected patients receiving ART, modern postop-
erative mortality rates are low and lower CD4 cell counts are
associated with increased mortality, but characteristics other
than HIV status, such as age and hypoalbuminemia, are also
important determinants of outcome. Clinicians and patients
should consider HIV infection and CD4 cell count as just 2 of
many factors associated with surgical outcomes that should
be incorporated into surgical decision making.

ARTICLE INFORMATION

Accepted for Publication: July 14, 2014.

Published Online: February 25, 2015.
doi:10.1001/jamasurg.2014.2257.

Author Affiliations: Section of Neurosurgery,
Department of Surgery, Veterans Affairs (VA)
Connecticut Healthcare System, West Haven
(King); Department of Neurosurgery, Yale
University School of Medicine, New Haven,
Connecticut (King); Section of General Surgery,
Department of Surgery, VA Connecticut Healthcare
System, West Haven (Perkal, Rosenthal);
Department of Surgery, Yale University School of
Medicine, New Haven, Connecticut (Perkal,
Rosenthal); Department of Medicine, University of
Pittsburgh School of Medicine, Pittsburgh,
Pennsylvania (Gordon, Butt); Department of
Medicine, VA Pittsburgh Healthcare System,
Pittsburgh, Pennsylvania (Gordon, Butt); Division of
Infectious Diseases, Department of Medicine,
University of Pittsburgh School of Medicine,
Pittsburgh, Pennsylvania (Gordon, Butt); Center for
Health Services Research on Pharmacotherapy,
Chronic Disease Management, and Outcomes,
Rutgers University, New Brunswick, New Jersey
(Crystal); Section of Infectious Diseases,
Department of Medicine, Michael E. DeBakey VA
Medical Center, Houston, Texas
(Rodriguez-Barradas); Department of Medicine,
Baylor College of Medicine, Houston, Texas
(Rodriguez-Barradas); Section of Infectious
Diseases, Medical Service, VA Medical Center,
Washington, DC (Gibert); Department of Medicine,
George Washington University School of Medicine
and Health Sciences, Washington, DC (Gibert);
Division of Infectious Diseases, Department of
Medicine, Atlanta VA Medical Center, Atlanta,
Georgia (Rimland); Division of Infectious Diseases,
Department of Medicine, Emory University School
of Medicine, Atlanta, Georgia (Rimland); Section of
Infectious Diseases, Department of Medicine, VA
New York Harbor Healthcare System, New York,
New York (Simberkoff); Section of Infectious
Diseases, Department of Medicine, New York
University School of Medicine, New York
(Simberkoff); Section of General Internal Medicine,

Department of Medicine, VA Connecticut
Healthcare System, West Haven (Justice); Section
of General Internal Medicine, Department of
Medicine, Yale University School of Medicine, New
Haven, Connecticut (Justice).

Author Contributions: Dr King had full access to all
of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis.
Study concept and design: King, Perkal, Rosenthal,
Gordon, Crystal, Rodriguez-Barradas, Gibert,
Rimland, Justice.
Acquisition, analysis, or interpretation of data: King,
Rodriguez-Barradas, Butt, Rimland, Simberkoff,
Justice.
Drafting of the manuscript: King, Gordon, Crystal,
Gibert.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: King, Crystal, Justice.
Obtained funding: Justice.
Administrative, technical, or material support:
Rimland, Simberkoff, Justice.

Conflict of Interest Disclosures: None reported.

Funding/Support: This work was supported by
grants from the National Institutes of Health:
National Institute on Alcohol Abuse and Alcoholism
(U10-AA13566), National Institute on Aging (R01-
AG029154), National Heart, Lung, and Blood
Institute (R01-HL095136; R01-HL090342; RCI-
HL100347), National Institute of Allergy and
Infectious Disease (U01-A1069918), National
Institute of Mental Health (P30-MH062294), Agency
for Healthcare Research and Quality (U19-HS-021112),
and the Veterans Health Administration Office of
Research and Development (VA REA 8-266) and
Office of Academic Affiliations (Medical Informatics
Fellowship).

Role of the Funder/Sponsor: The funding
organizations had no role in the design and conduct
of the study; collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Previous Presentation: This study was presented
at the 30th Annual Surgical Symposium of the

Association of VA Surgeons; April 8, 2014; New
Haven, Connecticut.

Additional Contributions: Melissa Skanderson,
MSW, and Janet P. Tate, ScD, MPH, accessed and
compiled data from databases. They were
supported by one or more of the grants listed
earlier.

REFERENCES

1. Harrison KM, Song R, Zhang X. Life expectancy
after HIV diagnosis based on national HIV
surveillance data from 25 states, United States.
J Acquir Immune Defic Syndr. 2010;53(1):124-130.

2. Sabin CA. Do people with HIV infection have a
normal life expectancy in the era of combination
antiretroviral therapy? BMC Med. 2013;11:251.

3. Robinson G, Wilson SE, Williams RA. Surgery in
patients with acquired immunodeficiency
syndrome. Arch Surg. 1987;122(2):170-175.

4. Albaran RG, Webber J, Steffes CP. CD4 cell
counts as a prognostic factor of major abdominal
surgery in patients infected with the human
immunodeficiency virus. Arch Surg. 1998;133(6):
626-631.

5. Burack JH, Mandel MS, Bizer LS. Emergency
abdominal operations in the patient with acquired
immunodeficiency syndrome. Arch Surg. 1989;
124(3):285-286.

6. Ragni MV, Crossett LS, Herndon JH.
Postoperative infection following orthopaedic
surgery in human immunodeficiency virus-infected
hemophiliacs with CD4 counts �200/mm3.
J Arthroplasty. 1995;10(6):716-721.

7. Emparan C, Iturburu IM, Portugal V, Apecechea
A, Bilbao JE, Mendez JJ. Infective complications
after minor operations in patients infected with
HIV: role of CD4 lymphocytes in prognosis. Eur J Surg.
1995;161(10):721-723.

8. Thurer RJ, Jacobs JP, Holland FW II, Cintron JR.
Surgical treatment of lung cancer in patients with
human immunodeficiency virus. Ann Thorac Surg.
1995;60(3):599-602.

9. Tran HS, Moncure M, Tarnoff M, et al. Predictors
of operative outcome in patients with human

Postoperative Mortality in HIV-Infected Patients Original Investigation Research

jamasurgery.com (Reprinted) JAMA Surgery April 2015 Volume 150, Number 4 349

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2015 American Medical Association. All rights reserved.

immunodeficiency virus infection and acquired
immunodeficiency syndrome. Am J Surg. 2000;180
(3):228-233.

10. Avidan MS, Groves P, Blott M, et al. Low
complication rate associated with cesarean section
under spinal anesthesia for HIV-1–infected women
on antiretroviral therapy. Anesthesiology. 2002;97
(2):320-324.

11. Sewell CA, Derr R, Anderson J. Operative
complications in HIV-infected women undergoing
gynecologic surgery. J Reprod Med. 2001;46(3):
199-204.

12. Carrozza PM, Merlani GM, Burg G, Hafner J. CO2

laser surgery for extensive, cauliflower-like
anogenital condylomata acuminata: retrospective
long-term study on 19 HIV-positive and 45
HIV-negative men. Dermatology. 2002;205(3):255-
259.

13. Chong T, Alejo DE, Greene PS, et al. Cardiac
valve replacement in human immunodeficiency
virus–infected patients. Ann Thorac Surg. 2003;76
(2):478-480.

14. Saltzman DJ, Williams RA, Gelfand DV, Wilson
SE. The surgeon and AIDS: twenty years later. Arch
Surg. 2005;140(10):961-967.

15. Horberg MA, Hurley LB, Klein DB, et al. Surgical
outcomes in human immunodeficiency
virus–infected patients in the era of highly active
antiretroviral therapy. Arch Surg. 2006;141(12):
1238-1245.

16. Landin L, Rodriguez-Perez JC, Garcia-Bello MA,
et al. Kidney transplants in HIV-positive recipients
under HAART: a comprehensive review and
meta-analysis of 12 series. Nephrol Dial Transplant.
2010;25(9):3106-3115.

17. Blumberg EA, Stock P; AST Infectious Diseases
Community of Practice. Solid organ transplantation
in the HIV-infected patient. Am J Transplant.
2009;9(suppl 4):S131-S135.

18. Eisenbach C, Merle U, Stremmel W, Encke J.
Liver transplantation in HIV-positive patients. Clin
Transplant. 2009;23(suppl 21):68-74.

19. Yoon SC, Hurst FP, Jindal RM, et al. Trends in
renal transplantation in patients with human
immunodeficiency virus infection: an analysis of the
United States renal data system. Transplantation.
2011;91(8):864-868.

20. Khwaja S, Rosenbaum DH, Paul MC, et al.
Surgical treatment of thoracic empyema in
HIV-infected patients: severity and treatment
modality is associated with CD4 count status. Chest.
2005;128(1):246-249.

21. Davison SP, Reisman NR, Pellegrino ED, Larson
EE, Dermody M, Hutchison PJ. Perioperative
guidelines for elective surgery in the human
immunodeficiency virus–positive patient. Plast
Reconstr Surg. 2008;121(5):1831-1840.

22. Zhang L, Liu BC, Zhang XY, Li L, Xia XJ, Guo RZ.
Prevention and treatment of surgical site infection
in HIV-infected patients. BMC Infect Dis. 2012;12:115.

23. Guild GN, Moore TJ, Barnes W, Hermann C. CD4
count is associated with postoperative infection in
patients with orthopaedic trauma who are HIV
positive. Clin Orthop Relat Res. 2012;470(5):1507-
1512.

24. Stock PG, Barin B, Murphy B, et al. Outcomes
of kidney transplantation in HIV-infected recipients.
N Engl J Med. 2010;363(21):2004-2014.

25. Wiseman SM, Forrest JI, Chan JE, et al. Factors
predictive of 30-day postoperative mortality in
HIV/AIDS patients in the era of highly active
antiretroviral therapy. Ann Surg. 2012;256(1):170-176.

26. Centers for Disease Control and Prevention
(CDC). HIV prevalence estimates—United States,
2006. MMWR Morb Mortal Wkly Rep. 2008;57(39):
1073-1076.

27. North American AIDS Cohort Collaboration on
Research and Design (NA-ACCORD) dossier.
NA-ACCORD website. http://statepiaps.jhsph.edu
/naaccord/dossier/NA-ACCORD_Dossier_20140325
.pdf. Published March 25, 2014. Accessed April 14,
2014.

28. The Health Care System for Veterans: an
interim report. Congressional Budget Office website.
http://www.cbo.gov/ftpdocs/88xx/doc8892/12-21
-VA_Healthcare.pdf. Published December 21, 2007.
Accessed October 27, 2010.

29. Fultz SL, Skanderson M, Mole LA, et al.
Development and verification of a “virtual” cohort
using the National VA Health Information System.
Med Care. 2006;44(8)(suppl 2):S25-S30.

30. Sohn MW, Arnold N, Maynard C, Hynes DM.
Accuracy and completeness of mortality data in the
Department of Veterans Affairs. Popul Health Metr.
2006;4:2.

31. Clinical Classification Software (CCS) for
ICD-9-CM. Center for Medicare & Medicaid Services
website. http://www.hcup-us.ahrq.gov/toolssoftware
/ccs/ccs.jsp. Published May 13, 2011. Accessed June
9, 2011.

32. Buck CJ. 2009 ICD-9-CM, Volumes 1, 2, & 3. St
Louis, MO: Saunders; 2009.

33. Harrell FE Jr. Regression Modeling Strategies:
With Applications to Linear Models, Logistic
Regression, and Survival Analysis. New York, NY:
Springer; 2001.

34. Charlson ME, Pompei P, Ales KL, MacKenzie
CR. A new method of classifying prognostic
comorbidity in longitudinal studies: development
and validation. J Chronic Dis. 1987;40(5):373-383.

35. Charlson M, Szatrowski TP, Peterson J, Gold J.
Validation of a combined comorbidity index. J Clin
Epidemiol. 1994;47(11):1245-1251.

36. Quan H, Sundararajan V, Halfon P, et al. Coding
algorithms for defining comorbidities in ICD-9-CM
and ICD-10 administrative data. Med Care. 2005;43
(11):1130-1139.

37. Justice AC, Lasky E, McGinnis KA, et al; VACS 3
Project Team. Medical disease and alcohol use
among veterans with human immunodeficiency
infection: a comparison of disease measurement
strategies. Med Care. 2006;44(8)(suppl 2):S52-S60.

38. King JT Jr, Gordon AJ, Perkal MF, et al.
Disparities in rates of spine surgery for
degenerative spine disease between HIV-infected
and uninfected veterans. Spine (Phila Pa 1976).
2012;37(7):612-622.

39. 1993 Revised classification system for HIV
infection and expanded surveillance case definition
for AIDS among adolescents and adults. MMWR
Recomm Rep. 1992;41(RR-17):1-19.

40. Justice AC, McGinnis KA, Skanderson M, et al;
VACS Project Team. Towards a combined
prognostic index for survival in HIV infection: the
role of “non-HIV” biomarkers. HIV Med. 2010;11(2):
143-151.

41. Schuurman R, Descamps D, Weverling GJ, et al.
Multicenter comparison of three commercial
methods for quantification of human
immunodeficiency virus type 1 RNA in plasma. J Clin
Microbiol. 1996;34(12):3016-3022.

42. Glance LG, Osler TM, Mukamel DB, Meredith
W, Dick AW. Impact of statistical approaches for
handling missing data on trauma center quality. Ann
Surg. 2009;249(1):143-148.

43. Rubin D. Multiple Imputation for Nonresponse
in Surveys. New York. NY: John Wiley & Sons; 1987.

44. Lin PH, Bush RL, Yao Q, et al. Abdominal aortic
surgery in patients with human immunodeficiency
virus infection. Am J Surg. 2004;188(6):690-697.

45. Moodliar S, Moodley J, Esterhuizen TM.
Complications associated with caesarean delivery in
a setting with high HIV prevalence rates. Eur J
Obstet Gynecol Reprod Biol. 2007;131(2):138-145.

46. Deneve JL, Shantha JG, Page AJ, Wyrzykowski
AD, Rozycki GS, Feliciano DV. CD4 count is
predictive of outcome in HIV-positive patients
undergoing abdominal operations. Am J Surg. 2010;
200(6):694-699.

47. Abalo A, Patassi A, James YE, Walla A, Sangare
A, Dossim A. Risk factors for surgical wound
infection in HIV-positive patients undergoing
surgery for orthopaedic trauma. J Orthop Surg
(Hong Kong). 2010;18(2):224-227.

48. Karpelowsky JS, Zar HJ, van Bogerijen G, van
der Graaf N, Millar AJ. Predictors of postoperative
complications in HIV-infected children undergoing
surgery. J Pediatr Surg. 2011;46(4):674-678.

49. Hooker CM, Meguid RA, Hulbert A, et al.
Human immunodeficiency virus infection as a
prognostic factor in surgical patients with
non–small cell lung cancer. Ann Thorac Surg. 2012;
93(2):405-412.

50. Penman-Aguilar A, Whiteman MK, Cox S, et al.
Complications of common gynecologic surgeries
among HIV-infected women in the United States.
Infect Dis Obstet Gynecol. 2012;2012:610876.

51. Bahebeck J, Eone DH, Nonga BN, Kingue TN,
Sosso M. Implant orthopaedic surgery in HIV
asymptomatic carriers: management and early
outcome. Injury. 2009;40(11):1147-1150.

52. Redman LA, Naidoo P, Biccard BM. HIV,
vascular surgery and cardiovascular outcomes:
a South African cohort study. Anaesthesia. 2014;69
(3):208-213.

53. Bates J, Mkandawire N, Harrison WJ. The
incidence and consequences of early wound
infection after internal fixation for trauma in
HIV-positive patients. J Bone Joint Surg Br. 2012;94
(9):1265-1270.

54. Tornero E, García S, Larrousse M, et al. Total hip
arthroplasty in HIV-infected patients:
a retrospective, controlled study. HIV Med. 2012;13
(10):623-629.

55. Wang TI, Chen CF, Chen WM, et al. Joint
replacement in human immunodeficiency
virus–infected patients. J Chin Med Assoc. 2012;75
(11):595-599.

56. Capogna BM, Lovy A, Blum Y, Kim SJ, Felsen
UR, Geller DS. Infection rate following total joint
arthroplasty in the HIV population. J Arthroplasty.
2013;28(8):1254-1258.

57. Snir N, Wolfson TS, Schwarzkopf R, et al.
Outcomes of total hip arthroplasty in human

Research Original Investigation Postoperative Mortality in HIV-Infected Patients

350 JAMA Surgery April 2015 Volume 150, Number 4 (Reprinted) jamasurgery.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2015 American Medical Association. All rights reserved.

immunodeficiency virus–positive patients.
J Arthroplasty. 2014;29(1):157-161.

58. Boccara F, Cohen A, Di Angelantonio E, et al;
French Italian Study on Coronary Artery Disease in
AIDS Patients (FRISCA-2). Coronary artery bypass
graft in HIV-infected patients: a multicenter case
control study. Curr HIV Res. 2008;6(1):59-64.

59. Sims DB, Uriel N, González-Costello J, et al.
Human immunodeficiency virus infection and left
ventricular assist devices: a case series. J Heart
Lung Transplant. 2011;30(9):1060-1064.

60. Mistry H, Lifford R, Stephenson MA, Valenti D.
Vascular access outcomes in HIV-positive patients.
J Vasc Access. 2012;13(4):459-463.

61. Polanco A, Itagaki S, Chiang Y, Chikwe J.
Changing prevalence, profile, and outcomes of
patients with HIV undergoing cardiac surgery in the
United States. Am Heart J. 2014;167(3):363-368.

62. Selke H, Norris S, Osterholzer D, Fife KH,
DeRose B, Gupta SK. Bariatric surgery outcomes in
HIV-infected subjects: a case series. AIDS Patient
Care STDS. 2010;24(9):545-550.

63. Harbell J, Fung J, Nissen N, et al; HIV-TR
Investigators. Surgical complications in 275
HIV-infected liver and/or kidney transplantation
recipients. Surgery. 2012;152(3):376-381.

64. Maiques V, Garcia-Tejedor A, Diago V, et al.
Perioperative cesarean delivery morbidity among
HIV-infected women under highly active
antiretroviral treatment: a case-control study. Eur J
Obstet Gynecol Reprod Biol. 2010;153(1):27-31.

65. Silberstein JL, Parsons JK, Palazzi-Churas K,
et al. Robot-assisted laparoscopic radical
prostatectomy in men with human
immunodeficiency virus. Prostate Cancer Prostatic
Dis. 2010;13(4):328-332.

66. Nathoo N, Nadvi SS, Narotam PK, van Dellen
JR. Brain abscess: management and outcome
analysis of a computed tomography era experience
with 973 patients. World Neurosurg. 2011;75(5-6):
716-726.

67. Deeks SG. HIV infection, inflammation,
immunosenescence, and aging. Annu Rev Med.
2011;62:141-155.

68. Semprini AE, Castagna C, Ravizza M, et al. The
incidence of complications after caesarean section
in 156 HIV-positive women. AIDS. 1995;9(8):913-917.

69. Xia XJ, Liu BC, Su JS, et al. Preoperative CD4
count or CD4/CD8 ratio as a useful indicator for
postoperative sepsis in HIV-infected patients
undergoing abdominal operations. J Surg Res. 2012;
174(1):e25-e30. doi:10.1016/j.jss.2011.10.006.

70. Chalya PL, Ssentongo R, Kakande I. HIV
seroprevalence and its effect on outcome of
moderate to severe burn injuries: a Ugandan
experience. J Trauma Manag Outcomes. 2011;5(1):8.

71. Liu B, Guo C, Liu L, et al. Management and
prognosis of HIV infected patients with
postoperative sepsis. Sci Res Essays. 2011;6:2389-
2394.

72. Harrison WJ, Lewis CP, Lavy CB. Wound healing
after implant surgery in HIV-positive patients.
J Bone Joint Surg Br. 2002;84(6):802-806.

73. Foschi D, Cellerino P, Corsi F, et al. Impact of
highly active antiretroviral therapy on outcome of
cholecystectomy in patients with human
immunodeficiency virus infection. Br J Surg. 2006;
93(11):1383-1389.

74. Vennarecci G, Ettorre GM, Antonini M, et al.
Liver transplantation in HIV-positive patients.
Transplant Proc. 2007;39(6):1936-1938.

75. Althoff KN, Rebeiro P, Brooks JT, et al; North
American AIDS Cohort Collaboration on Research
and Design (NA-ACCORD). Disparities in the quality
of HIV care when using US Department of Health
and Human Services indicators. Clin Infect Dis.
2014;58(8):1185-1189.

Postoperative Mortality in HIV-Infected Patients Original Investigation Research

jamasurgery.com (Reprinted) JAMA Surgery April 2015 Volume 150, Number 4 351

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023


