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Abstract

Background: The literature is inconsistent as to whether HIV-infected patients have higher rates of surgical complication
than do HIV-uninfected patients.  This inconsistency reflects the failure to control for confounding variables in many of the previ-
ous studies.

Methods: A retrospective cohort study of records of HIV-infected individuals who underwent surgical procedures between
1990 and 1995 was matched with the records of HIV-uninfected control patients.  We performed a logistic regression analysis to
determine the independent effects of HIVinfection and other potential risk factors for surgical complications.

Results: The crude rates of death and infectious and hematologic complications were higher among HIV-infected patients
than among uninfected patients.  Although the crude risk of having any complication was higher among the HIV-infected (odds
ratio [OR]=2.47, p=0.015), the adjusted risk was not (OR=0.72 [p<0.613]).  Variables significantly associated with complications
were American Society of Anesthesiology (ASA) risk class (OR=2.7), age (OR=1.06 per year), and weight (OR=0.96 per kg).

Conclusions: H I V sero-status was not found to be an independent risk factor for complications of surg e r y.  The most impor-
tant risk factor for complication of surgery in HIV-infected patients is A S A risk class.
Key Wo r d s : AIDS, HIV, surg e r y, complication.

I n t ro d u c t i o n

DO H U M A N I M M U N O D E F I C I E N C Y V I R U S ( H I V ) - i n-
fected persons have higher surgical complica-
tion rates than do uninfected persons?  The lit-
erature is remarkably inconsistent on this sub-
ject, with results of surgery reported as unac-
ceptably poor (1– 5) or remarkably favorable
( 6 – 11).  A recent review found that the surg i c a l
literature consists mostly of descriptive, retro-
spective case series, with wide variability of the
reported patient populations, surgical proce-
dures, and methods for collecting and catego-
rizing information on complications (12).  Few
studies used analytical methods to minimize
confounding the comparison of groups with risk

factors known to be associated with post-opera-
tive complications such as emergency proce-
dures, malnutrition, contaminated wounds, un-
controlled diabetes and neutropenia.  Of 114 re-
ports of the outcome of surgery in HIV- i n f e c t e d
and uninfected persons, only 10 studies
matched groups by one or more variables, and
only two of these found significant diff e r e n c e s
in complication rates (13, 14).  We attempted to
correct for these weaknesses in this retrospec-
tive cohort study by including relevant vari-
ables in the analysis.  The purpose of the study
was to determine if HIV infection is an inde-
pendent risk factor for complications of
s u rg e r y.

M e t h o d s

We reviewed the records of all HIV- i n f e c t e d
patients who underwent a surgical procedure at
Mount Sinai Medical Center, New York, from
1990 to 1995.  Patients were identified through
the hospital’s discharge database and were in-
cluded as cases if they had acquired immunod-
eficiency syndrome (AIDS) as defined by Cen-
ters for Disease Control and Prevention criteria
(15) or if they had HIV infection, and a CD4

© THE MOUNT SINAI JOURNALOF MEDICINE Vol. 69 No. 5 October 2002 3 2 9

1Division of Infectious Diseases, Mount Sinai School of Medi-
cine, New York, NY; 2Department of Family Medicine and Com-
munity Health, Albert Einstein College of Medicine, Bronx, NY;
3Department of Medicine, North General Hospital, Mount Sinai
School of Medicine, New York, NY; and 4Department of Medi-
cine, Baystate Medical Center, Springfield, MA.

Address all correspondence to Sian Jones, M.D., Box 1009,
Mount Sinai School of Medicine, 1 East 100th Street, New Yo r k ,
N Y 10029; Email: joness01@doc.mssm.edu

Accepted for publication February 4, 2002.



330 THE MOUNTSINAI JOURNAL OF MEDICINE October 2002

lymphocyte count had been performed within
four months of surg e r y.  Each HIV-infected pa-
tient was matched with two control patients for
three variables: surgical procedure, age within 6
years and year of procedure within 5 years.
Control patients were identified through the
h o s p i t a l ’s discharge database as having had the
same procedure as HIV-infected cases, but not
coded as having HIV infection or AIDS.  W h e n
more than two control patients were available
who matched with a particular case, selections
were made randomly.  Control patients were ex-
cluded if they had known risk factors for HIV
transmission, if they had been treated with anti-
neoplastic chemotherapy within one year of
s u rg e r y, or if they had undergone organ trans-
plantation.  Each patient treated with high-dose
corticosteroids within six months of surg e r y
was matched with two controls similarly
treated.  Demographic and clinical information
was entered into a database that included: indi-
cation for surg e r y, type of surgical procedure,
e m e rgent or elective surg e r y, anesthetic type,
presence or absence of cardiopulmonary dis-
ease, pre-procedure antibiotics, CD4 count,
serum albumin level, serum creatinine level,
white blood cell (WBC) count, hematocrit, pro-
thrombin time, serum alanine transaminase
( A LT) level and American Society of A n e s t h e-
siology (ASA) risk class.  Chemistry and hema-
tologic laboratory values recorded were those
obtained closest to the time of surg e r y.  A S A
risk class is a global rating based upon the anes-
t h e s i o l o g i s t ’s assessment of the physical status
of the patient: class I, normal healthy patient;
class II, patient with mild systemic disease;
class III, patient with severe systemic disease
that limits activity but is not incapacitating;
class IV, patient with incapacitating illness that
is a constant threat to life; and class V, mori-
bund patient not expected to survive 24 hours
with or without operation (16).

Peri-operative and post-operative events
were recorded as complications if they occurred
within 30 days of surgery and if they were de-
scribed in the medical record as a complication
or an unexpected event.  An event was classi-
fied as a complication if it met one of the fol-
lowing criteria: (a) death; (b) re-hospitalization
or return to the operating room; (c) intra-opera-
tive complication (either surgical or anesthetic);
(d) clinically apparent bleeding; (e) post-opera-
tive fever lasting more than 72 hours (all cases
were ultimately found to have an infectious
cause); (f) clinical diagnosis of infection requir-
ing antibiotic treatment outside of routine pro-

phylaxis; (g) extubation delayed by more than
24 hours or re-intubation; (h) post-operative
bowel obstruction or ileus requiring placement
of a naso-gastric tube; or (i) other clinically sig-
nificant events such as post-operative deep vein
thrombosis, cardiac arrhythmia or renal failure.
All of the above information was obtained by
direct review of the medical records and en-
tered onto a standardized data collection form.
Approval for this study was obtained from the
Mount Sinai School of Medicine Institutional
Review Board (IRB).

Statistical A n a l y s i s

Hypothesis testing was carried out using lo-
gistic regression to control for year of surg i c a l
procedure, A S A risk class, emergent versus
elective surg e r y, age, gender, hematocrit, W B C
count, platelet count, serum albumin, A LT, cre-
atinine levels and body weight.  The effect of
clustering of patients by surgeons and type of
s u rgery on standard errors was accounted for by
using the Huber-White robust covariance esti-
mator (17).  Cases were dropped from analysis
if data for any of the variables under analysis
were missing.

R e s u l t s

Study Population

Of the 52 HIV-infected patients identified
and 104 HIV-uninfected controls, 26 were ex-
cluded from analysis due to missing variables.
This resulted in 130 patients available for
analysis: 43 with HIV infection and 87 without
H I V infection.  The demographic and clinical
characteristics of the study population are out-
lined in Table 1.  The HIV-infected and HIV- u n-
infected groups were well matched for age.  A
greater proportion of HIV-infected patients
were males, compared to the uninfected pa-
tients.  Similarly, a greater proportion of HIV-
infected patients were non-white, compared to
the uninfected patients. The majority of HIV- i n-
fected individuals (75%) were defined as hav-
ing AIDS by virtue of a CD4 count <200
c e l l s /µL.  The mean CD4 count of the HIV- i n-
fected individuals was 177 cells/µL.  The mean
CD4 count of HIV-infected individuals ex-
cluded from the analysis was 152 cells/µL ,
which is not a statistically significant diff e r-
ence.  Furthermore, the proportion of patients
with a CD4 cell count less than 200 per µL w a s
the same for patients included in the analysis as
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for those who were excluded.  Analyzed and ex-
cluded patients had similar values for all vari-
ables (data not shown).

P ro c e d u re s

The types of procedure performed are listed
in Table 2.  A majority of these procedures were
major abdominal surgeries, either clean or con-
taminated.  None of the major abdominal pro-
cedures were performed by laparoscopic
s u rg e r y.  The mixed category includes those pa-
tients who underwent combined procedures —
most commonly abdominal and thoracic.  A l-
most twice as many HIV-infected patients un-
derwent procedures on an emergent basis as did
patients who were not HIV-infected: 58% vs.
30%, p=0.001 (Table 1).

C o m p l i c a t i o n s

Table 3 lists the types and corresponding
numbers of complications that occurred in each
group.  Procedural complications were defined
as those directly related to the procedure, such
as technical complications occurring intraoper-
atively or bowel obstruction occurring postop-
e r a t i v e l y.  Complications classified as org a n
dysfunction were those related to dysfunction
of an organ system not directly related to the
s u rgical procedure, such as renal failure, car-

diac arrhythmia or respiratory failure.  Infec-
tious complications were the most common
type of complication in each group, accounting
for approximately half of all complications for
both the HIV-infected and uninfected patients.
Other types of complication, including death,
were similarly distributed in both groups.

The crude rates of death, infectious and
hematological complications were slightly
higher among HIV-infected than the uninfected.
The crude risk of having any complication was
higher among the HIV-infected, OR=2.47
( p = 0 . 0 1 5 ) .

TABLE 1
Demographics and Clinical Va r i a b l e s

H I V- i n f e c t e d H I V- u n i n f e c t e d Normal values
n = 4 3 n = 8 7

Male, % 7 4 4 3
Age, mean yrs 42 ± 9 43 ± 11
E t h n i c i t y

African-American, % 3 5 1 0
Asian, % 0 6
White, % 4 0 6 8
Hispanic, % 2 3 1 4

E m e rgent surg e r y 5 8 % 3 0 %
CD4 count, mean

c e l l s /µL 177 ± 226 — 4 8 0 – 1 7 0 0
CD4 count<200 

c e l l s /µL, % 75 —
Serum albumin, g/mL 3.4 ± 0.8 4.3 ± 0.5 3 . 5 – 4 . 9
A LT level, U/L 7 1 ± 74.6 30.3 ± 27.4 1– 5 3
Serum creatinine, mg/mL 2 . 1 ± 4 1.1 ± 1.1 0 . 5 – 1 . 3
WBC, cells/mm3 6.6 ± 3.8 8.9 ± 4.1 5–11
Hematocrit, % 32.8 ± 8.3 39.1 ± 4.8 3 4 – 4 8
Platelet count, cells/mm3 201 ± 107 282 ± 97.7 1 5 0 – 4 5 0
Weight, kg 65.2 ± 11 . 1 71.3 ± 17.4

TABLE 2
S u rgical Pro c e d u re Ty p e s

P ro c e d u re H I V- i n f e c t e d H I V- u n i n f e c t e d
Ty p e n = 4 3 n = 8 7

Abdominal clean 1 8 3 8
Abdominal contaminated 7 9
Appendectomy clean 3 7
Appendectomy 4 6

c o n t a m i n a t e d
C a r d i o t h o r a c i c 1 2
B o n e 0 2
Head and neck 3 7
M i x e d * 1 4
Pelvic clean 4 6
Pelvic contaminated 2 6

*Procedures involving both abdominal and thoracic cavity
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In the logistic regression analysis, however,
the adjusted OR of having any complication and
having HIV infection was 0.72 (p<0.613) (Ta b l e
4).  The greatest and most statistically signifi-
cant association with surgical complication was
A S A risk class, OR=2.70 (p=0.001).  Both age
and weight were also significantly associated
with the risk of complication, with ORs of 1.06
per year and 0.96 per kilogram respectively.  In
addition to HIV infection, other potential risk
factors found not to be significantly associated
with complications of surgery were emerg e n t
s u rg e r y, procedure year, WBC count, hemat-
ocrit, serum A LT level, platelet count, gender,
creatinine level, and albumin level.

A sub-analysis (data not shown) separating
H I V-infected patients with CD4 counts of 200/µL
or greater from those with counts of less than 200
c e l l s /µL did not show a significant difference in
association with surgical complications.  How-
e v e r, the number of HIV-infected patients with
CD4 counts of 200 cells/µL or greater was low,
limiting the statistical power of this analysis.

D i s c u s s i o n

H I V sero-status was not found to be an in-
dependent risk factor for complications of
s u rgery in our retrospective cohort study.  A l-
though the crude risk of HIV-infected patients
having any complication was 2.47 times greater
than for uninfected persons, a logistic regres-
sion analysis demonstrated that controlling for
known risk factors eliminates the significant
d i fference in complication rates between in-
fected and uninfected patients.  We found the
most important risk factor for complications to
be A S A risk class.

The discordance between the crude and ad-
justed odds ratios found in our study may ex-

plain the variability in complication rates found
in the literature.  A review of published studies
documented inconsistent complication rates
among HIV-infected patients for all fields of
s u rgery (12).  The field with the narrowest
range of complication rates was dental surg e r y,
and even here the reported rates ranged from
1– 20%.  In the literature of major abdominal
s u rg e r y, complication rates in HIV-infected pa-
tients ranged from zero to an average of 1.6
complications per patient, and mortality rates
ranged from 0–60% (12).

Few published studies used analytical meth-
ods to minimize confounding for surgical com-
plications by known risk factors (12).  In a re-
view of 114 reports describing complications in
H I V-infected patients (12), only 3 reports, all
cohort studies, were notable for their rigorous
study designs (14, 18, 19).  Only one of these
studies found significantly greater complication
rates in HIV-infected patients, and only for
minor complications (14).

In several recent reports, surgical complica-
tion rates were found to be greater in HIV- i n-
fected patients than in uninfected patients
( 2 0 –23).  However, in each of the studies, the
groups were matched only by age and gender,
not by clinical variables or A S A risk class.

Our study matched patients by procedure
type, age and year of procedure and then com-
pared the effect of known risk factors on the
complication rates between infected and unin-
fected patients.  Nearly twice as many HIV- i n-

TABLE 3
Complications of Surg e ry

Type of H I V S t a t u s
C o m p l i c a t i o n Infected U n i n f e c t e d

n = 4 3 n = 8 7

D e a t h 3 2
H e m a t o l o g i c 3 0
I n f e c t i o u s 1 7 1 3
O rgan dysfunction 3 3
P r o c e d u r a l * 4 7

To t a l 3 0 2 5

*Complications related directly to the procedure

TABLE 4
Logistic Regression Analysis of Risk Factors for 

Complications of Surg e ry
Number of Observations = 130

Risk Factor Odds Ratio (95% C.I.)

A S A risk class** 2 . 7 0 (1.50 ± 4.84)
E m e rgent surg e r y 1 . 1 3 (0.40 ± 3.18)
Procedure year 1 . 1 2 (0.85 ± 1.46)
WBC count 1 . 0 9 (0.96 ± 1.25)
A g e * 1 . 0 6 (1.01 ± 1.11 )
H e m a t o c r i t 1 . 0 1 (0.93 ± 1.11 )
A LT l e v e l 1 . 0 0 (0.99 ± 1.01)
Platelet count 1 . 0 0 (0.99 ± 1.00)
G e n d e r 0 . 9 7 (0.31 ± 3.06)
We i g h t * 0 . 9 6 (0.93 ± 1.00)
Creatinine level 0 . 8 7 (0.75 ± 1.02)
H I V i n f e c t i o n 0 . 7 2 (0.20 ± 2.62)
Albumin level 0 . 6 2 (0.26 ± 1.51)

Robust standard errors in parentheses.  * Significant at
5% level.  **Significant at 1% level.  Area under ROC
curve=0.80.  Hosmer-Lemeshow Goodness of Fit χ2= 6 . 6 9
( p = 0 . 5 7 ) .
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fected patients had emergency operations as did
uninfected patients, and although not statisti-
cally significant, HIV-infected patients tended
to have lower weight, serum albumin levels,
platelet and WBC counts, and higher serum
A LT and creatinine levels.

Our study had several important limitations.
First, we studied patients who contracted HIV
infection in the years before the general use of
highly active antiretroviral therapy (HAART ) .
H o w e v e r, current standard therapies are known
to decrease the risk for bacterial infections, im-
prove nutritional status, and increase life ex-
pectancy (24), and one might reasonably expect
that patients would tolerate surgery even better
in the HAART era.  Second, our sample size
was not great enough to determine the contribu-
tion of more than a few known risk factors for
s u rgical complications.  As a result, the study’s
power to rule out the contribution of each of the
examined variables was relatively low.  A l-
though we found a relative risk of 0.72 for the
association of HIV infection and surgical com-
plications, the 95% confidence intervals ranged
from 0.20 to 2.62.  Third, the retrospective
study design resulted in the exclusion of many
patients because of incomplete study variables.
F i n a l l y, we did not document the seronegative
status of control patients.  We did, however, ex-
clude from the control group all patients with
risk factors for HIV i n f e c t i o n .

C o n c l u s i o n

We found no evidence to support an inde-
pendent effect of HIV infection on the risk of
s u rgical complications.  We found instead that
A S A risk class, a measure of general health sta-
tus and preoperative risk, most closely corre-
lates with complication rates.  HAART has re-
sulted in sharply diminished morbidity and
mortality of HIV-infected patients.  Still to be
determined is the effect of HAART on the risks
and outcomes of surg e r y.
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