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Background. Sternal wound infection (SWI) is a leading cause of postoperative disease and death; the risk factors for SWI
remain incompletely understood. The goal of the current study was to investigate the relationship between a preoperative history of
depression and the risk of SWT after cardiothoracic surgery.

Methods. Among patients undergoing cardiothoracic surgery in a major academic medical center between 2007 and 2012, those
in whom SWI developed (n = 129) were matched, by date of surgery, with those in whom it did not (n = 258). Multivariable logistic
regression was used to examine the strength of relationships between risk factors and development of infection. History of depres-

sion was defined as a composite variable to increase the sensitivity of detection.

Results.

History of depression as defined by our composite variable was associated with increased risk of SWT (adjusted odds

ratio, 2.4; 95% confidence interval, 1.2-4.7; P = .01). Staphylococcus aureus was the most common organism isolated.

Conclusions.

History of depression was associated with increased risk of SWI. Future prospective studies are warranted to fur-

ther investigate this relationship. Depression is highly treatable, and increased efforts to identify and treat depression preoperatively
may be a critical step toward preventing infection-related disease and death.
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Sternal wound infection (SWI) after sternotomy is a serious
complication of cardiothoracic surgery and is associated with
increased morbidity and mortality rates, length of stay, and
cost of care [1-4]. Infections range in severity from superficial
incisional infections to mediastinitis and sternal osteomyelitis.
Superficial SW1s develop in approximately 2%-6% of patients
after cardiothoracic surgery [5-8], and the average incidence of
mediastinitis after sternotomy is <2% [9-11]. Although the risk
factors for SWI are heavily debated, obesity, diabetes, prolonged
duration of surgery, use of bilateral internal mammary artery
grafts, and reoperation have been repeatedly identified as such
(4,7, 12, 13].

Major depression affects >20% of patients undergoing ster-
notomy for coronary artery bypass grafting (CABG) [14, 15].
It more than doubles the morbidity and mortality risks in the
first 12 months after CABG, although the mechanism by which
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depression may affect CABG outcomes is not clear. Depression
is also strongly linked to poor cardiovascular outcomes in
patients with coronary disease and congestive heart failure
[15-20].

An association between depression and infection has been
well documented in various domains. For instance, hospitalized
older adults with depression have higher rates of Clostridium dif-
ficile infection than those without depression [21]. Depression
among patients undergoing peritoneal dialysis is associated
with increased risk of peritonitis [22]. In a retrospective study
of almost 50 000 college students, those with depression had an
increased risk of bronchitis, ear infection, sinus infection, and
strep throat [23]. Depression has been linked with increased
risk of pneumococcal pneumonia, septicemia, and meningi-
tis, compared with those without depression [24]. Moreover,
it has been linked specifically to infection in patients undergo-
ing cardiac surgery; patients with a history of depression who
undergo cardiothoracic surgery for placement of a ventricular
assist device (VAD; heart pump) are significantly more likely
to have VAD infection than those without a history of depres-
sion (adjusted hazard ratio, 2.8; P =.007) [25]. SW1 is a possible
pathway through which depression could affect cardiothoracic
surgery outcomes.

To our knowledge, however, no prior study has examined
the relationship between preoperative depression and risk of
SWI. To begin to fill this gap, the present case-control study
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investigated the relationship between a preoperative history of
depression and risk of SWT after cardiothoracic surgery.

METHODS

Study Population and Ethics Statement

Case patients were identified by the Department of Infection
Prevention and Control, which maintains a list of all patients in
whom surgical site infection develops. Case patients included
all patients aged >18 years in whom SWI developed after they
underwent sternotomy or thoracotomy for CABG, heart valve
repair or replacement, aortic root surgery, or coronary artery
unroofing at the New York-Presbyterian Hospital Milstein
Hospital Building between 2007 and 2012. Surgery could
include >1 procedure. Postdischarge surveillance for infection
included a 6-week follow-up appointment with the attending
surgeon. A Department of Infection Prevention and Control
case patient either met the Centers for Disease Control and
Prevention’s National Healthcare Safety Network guidelines for
surgical site infection [26] or had a clinical picture consistent
with this diagnosis, as determined by the infectious disease
physician hospital epidemiologist and attending cardiothoracic
surgeon.

To identify potential controls, the Department of Circulatory
Physiology provided a list of all patients who underwent
the same cardiothoracic surgical procedures at the Milstein
Hospital Building during the same time period; the list was gen-
erated via a data warehouse query using search terms to capture
each included surgery type. Patients without SWI were poten-
tial controls. Controls were matched to case patients according
to date of surgery (within 45 days) to minimize the influence of
potential temporal infection trends within the hospital. A com-
puterized selection algorithm randomly selected 2 controls
for each case patient. Exclusion criteria for case patients and
controls included age <18 years, orthotopic heart transplanta-
tion or VAD placement as the index operation, pregnancy at
the time of surgery, death within 5 days of surgery, and surgical
site infection unrelated to the sternotomy or thoracotomy (ie,
soft-tissue infection from saphenous vein harvesting). The inci-
dence of cardiothoracic surgical site infection (excluding heart
transplant recipients) in the Milstein Hospital Building during
the study period ranged from 1.0% to 2.2% and decreased over
time. This study was approved by the Institutional Review Board
at Columbia University Medical Center (IRB-AAAK9857).

Data Collection

Data were collected retrospectively by reviewing the electronic
medical record. Data provided by outside hospitals before the
study began were also included, but further information was
not solicited from outside hospitals. Variables included demo-
graphic data, medical and psychiatric history, medications,
laboratory values, hospital course, operative details, and char-
acteristics of infection.

Definition of Depression

Dedicated screening for depression had not been performed
preoperatively. In our exploratory study, a composite defi-
nition of depression was therefore created to improve the
likelihood of detecting a preoperative history of depression.
Patients were considered to have a history of depression if they
had (1) a recorded preoperative diagnosis of depression in
their medical record, (2) a recorded preoperative International
Classification of Diseases, Ninth Revision, code for depression
in their medical record, (3) a self-reported “depressed” mood
recorded on the review of systems section of the preoperative
cardiothoracic surgery consult note, or (4) use of either a first-
line antidepressant or >1 antidepressant at the time of surgery
or within the year before surgery, as recorded in the medical
record. Bupropion, selective serotonin reuptake inhibitors,
and serotonin-norepinephrine reuptake inhibitors were con-
sidered first-line antidepressants. This composite variable was
created a priori with the primary hypothesis that a history of
depression, as defined by this composite variable, would be
associated with increased risk of SWI. Secondary a priori
analyses were planned to assess whether the individual com-
ponents of the composite variable were also associated with
increased risk of SW1.

Statistical Analyses

Descriptive statistics were generated for demographic variables,
medical history, depression history, laboratory values, and
intraoperative variables. In the univariate analysis, categorical
data were compared between case patients and controls using
Fisher exact or X’ tests, as appropriate. Continuous variables
were compared using ¢ or Wilcoxon rank sum tests. A multi-
variable model was created to examine the joint effect of the
potential risk factors on infection. All potential risk factors with
a P value <.10 in the univariate analysis or that were thought
likely to influence infection risk (ie, tobacco use) were con-
sidered for a modified forward stepwise selection procedure,
in which insignificant variables are removed from the model
before adding a variable at each step.

We used a P value cutoff <.10 for removing variables in the
final model selection procedure. Each addition or deletion of a
variable to or from a model is a separate step in the selection pro-
cess; at each step, a new model is fitted. This approach defines an
a posteriori order based on the relative uniqueness of the vari-
ables in the sample. In addition, sex and age were kept in the final
model. Rubin’s multiple imputation method with 11 repeated
imputations was used to impute the missing data to conduct the
sensitivity analysis. Adjusted odds ratios (aORs) with 95% con-
fidence intervals (Cls) and P values were generated. Variance
inflation factors were calculated and were all approximately 1,
indicating there was not significant multicolinearity. SAS soft-
ware version 9.3 (SAS Institute) was used to perform all analyses,
and differences were considered statistically significant at P < .05.
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RESULTS

Characteristics of Study Participants

The study population comprised 387 patients in total (129 case
patients and 258 controls), ranging in age from 22 to 93 years.
The mean age (standard deviation) was 67 (13.2) years for case
patients and 69.5 (12.7) years for controls. A total of 386 ster-
notomies and 1 thoracotomy were performed by 12 surgeons.
Operations could incorporate >1 procedure and included 221
CABGs (90 in case patients and 131 in controls), 248 valve
and/or aortic root operations (69 in case patients and 179 in
controls), and 2 coronary artery unroofing procedures (both
in controls). Patients received a chlorhexidine wash according
to standard preoperative procedure. Thirty-five patients had
a recorded preoperative nares screen for methicillin-resistant
Staphylococcus aureus; only 1 (a control) had a positive screen.
Antimicrobial prophylaxis guidelines were issued in March
2007; cefazolin was the primary antimicrobial prophylaxis rec-
ommended, with vancomycin as an alternative agent. A stew-
ardship team was involved in creating the guidelines.

The median time in the hospital before surgery was 1 day
(interquartile range, 4 days) and did not differ between case
patients and controls (P =.16), and the median duration of total
hospital admission was 10 days (11 days), significantly longer
for case patients than for controls (13 vs 9.5 days; P = <.001).
One hundred forty-seven patients required reoperations (for
sternal debridement, reoperative valve surgery, exploration for
bleeding, or pericardial window creation, among other reasons),
and case patients were more likely to do so (98 vs 49; P < .001).
Sternal washout or debridement was the surgical indication
for 90 of the 98 case patients who underwent reoperation. Of
the 129 case patients, SWI developed in 30 before discharge.
Patients in whom infection developed were more likely to be
readmitted to the hospital and to the intensive care unit (both
P <.001). Of the 105 case patients who were readmitted to the
hospital, 93 were readmitted for SWI. Twenty-two patients died
(14 case patients and 8 controls; P =.003).

Of 49 patients who took antidepressants at the time of sur-
gery or within the previous year, 32 took a selective serotonin
reuptake inhibitor, 10 an atypical antidepressant, 7 a tricyclic
antidepressant, 3 a selective norepinephrine reuptake inhibitor,
and 1 a monoamine oxidase inhibitor; 1 did not have the type of
antidepressant recorded, and 5 took >1 antidepressant. Seven of
the 10 persons using an atypical antidepressant took bupropion.
Bupropion can also be prescribed for smoking cessation, so the
tobacco use histories of these 7 patients were examined; 5 were
never smokers, 1 was a former smoker who had another indica-
tor of depression, and 1 (a control) was a current smoker who
was taking bupropion for an unknown indication.

Univariate Analysis
Study patients are described in Table 1. Age and sex did not sig-
nificantly differ between case patients and controls (P = .06 and

P = .91, respectively); 83 (64.3%) case patients and 168 (65.1%)
controls were male. Ethnicity (Hispanic versus non-Hispanic),
race, marital status, employment status, disability status, and
living situation similarly did not differ between case patients
and controls. Case patients were significantly more likely
than controls to have a history of diabetes mellitus (P = .04),
peripheral vascular disease (P = .007), hypertension (P = .006),
chronic obstructive pulmonary disease (P = .002), myocardial
infarction (P = .03), or obesity (P = .005).

A history of depression, as defined by the composite variable,
was independently associated with infection (P = .01). The indi-
vidual components of the composite variable were assessed in
univariate analysis as well; as shown in Table 2, a depressed mood
reported on the review of systems of the preoperative cardiac sur-
gery consult note (P = .03) and use of a first-line antidepressant
at the time of surgery (P = .05) or within the year before surgery
(P = .03) were independently associated with increased risk of
infection. A recorded diagnosis of depression in the medical his-
tory was not independently associated with increased risk of infec-
tion (P =.70). Although only 7 patients reported a depressed mood
on the preoperative review of systems, 6 of them went on to have
SWI, compared with 94 of the 291 who did not report a depressed
mood. (The review of systems was not recorded in 90 patients).

Baseline laboratory characteristics are listed in Table 3. Case
patients were significantly more likely than controls to have a
higher body mass index (P < .001) and postoperative glucose
level (P = .02). Overall, perioperative glucose control was sub-
optimal; of the 131 patients with diabetes who had available
preoperative and postoperative glucose data, 76 had a periop-
erative glucose level >180 mg/dL.

Among intraoperative factors (shown in Table 4), bilateral
internal mammary artery use was associated with increased
risk of infection (P = .001). Undergoing CABG was associated
with SWI (aOR, 2.3; 95% CI, 1.4-3.7; P = .001), and undergoing
valve and/or aortic root surgery was not (0.5; .3-.8; P = .003).
More controls than case patients underwent an operation that
included a prosthetic material (P = .01). Although the majority
of case patients and controls received intraoperative antibiotic
prophylaxis with cefazolin, more controls than case patients
received prophylaxis with vancomycin and gentamicin (com-
pared with vancomycin alone or cefazolin alone) (P = .03).

Findings from the sensitivity analysis via the multiple impu-
tation method for missing data were very similar to those
obtained by analyzing only the observed data; this suggests that
bias due to missingness, if any, may be negligible. We report
the results without imputation so that the aORs obtained from
the subsequent multivariable analysis were consistent with the
frequencies and proportions shown in the tables.

Multivariable Analysis
In the multivariable analysis, history of depression, as defined
by the composite variable, was independently associated with
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Table 1. Characteristics of Study Patients

Patients, No. (%)?

Demographic Factors Case Patients Controls
and Medical History (n =129) (n = 258) PValue
Age, mean (SD), y 67 (13.2) 69.5 (12.7) .06
Male sex 83 (64.3) 168 (65.1) 91
Hispanic ethnicity 25 (22.5) 28 (14.4) 1
Race
White 91 (84.3) 189 (82.5) 73
Black 10 (9.3) 24 (10.5)
Asian 6 (5.6) 15 (6.6)
Other 1(0.9) 1(0.4)
Marital status
Single 14 (11.2) 21(8.4) .65
Married 81 (64.8) 169 (67.9)
Separated 3(2.4) 3(1.2)
Divorced 9(72) 12 (4.8)
Widowed 18 (14.4) 44 (17.6)
Employment status
Employed 37 (29.1) 66 (27.0) .37
Unemployed 13 (10.2) 19 (7.8)
Homemaker 2 (1.6) 2(0.8)
Student 1(0.8) 0(0)
Retired 74 (58.3) 157 (64.3)
Disability status
Not disabled or 104 (83.2) 218 (91.2) 19
receiving SSI
Disabled, receiving 15 (12) 12 (5.0)
SSI
Disabled, not 5 (4) 5(2.1)
receiving SSI
Not disabled, 1(0.8) 4(1.7)
receiving SSI°
Living situation
Alone 24 (19.2) 47 (19.6) 19
With family 96 (76.8) 178 (74.2)
With health aide 4(3.2) 1(0.4)
In long-term care 0(0) 6(2.5)
facility
Homeless 0(0) 1(0.4)
With a friend 1(0.8) 5(2.1)
Other 0(0) 2(0.8)
Tobacco use
Never smoker 57 (44.9) 117 (46.8) .93
Current smoker 13 (10.2) 19 (7.6)
Past smoker 57 (44.9) 114 (45.6)
Alcohol abuse
Never 116 (93.6) 223 (94.1) .96
Currently 4(3.2) 6 (2.5)
Past 4(3.2) 8(3.4)
Diabetes mellitus 58 (47.9) 93 (36.2) .04
Chronic kidney 33 (275) 50 (19.6) .09
disease
Peripheral vascular 28 (23.9) 29 (11.8) .007
disease
Infection <30 d 23 (17.8) 41 (15.9) .64
before surgery
Hypertension 116 (90.6) 202 (78.3) .006
Hyperlipidemia 100 (81.3) 194 (76.7) .36
Heart failure® 60 (46.5) 99 (38.4) 14

Table 1. Continued

Patients, No. (%)°

Demographic Factors Case Patients Controls

and Medical History (n=129) (n = 258) PValue
COPD 25 (21.4) 28 (11.0) .002
Cirrhosis 4 (3.4) 3(1.2) 23
Stroke 14 (11.9) 19 (7.4) 13
Dialysis 5(3.9) 6(2.3) 40
Previous myocardial 48 (38.7) 69 (27.1) .03
infarction

Previous sternotomy 17 (13.2) 49 (19.1) A7
Dual antiplatelet 23 (1797) 44 (1725) .85
therapy

Statin use 85 (65.9) 169 (66.3) .97
Immunosuppression® 8 (6.2) 9 (3.5) 24
Obesity® 59 (46.5) 78 (30.7) .005

Abbreviations: COPD, chronic obstructive pulmonary disease; SD, standard deviation; SSI,
Supplemental Security Income.

“Data represent No. (%) of patients unless otherwise specified. Data were missing for
Hispanic ethnicity in 81 patients, race in 50, marital status in 13, employment status in 16,
disability status in 23, living situation in 22, tobacco use in 10, alcohol abuse in 26, diabetes
in 9, chronic kidney disease in 12, peripheral vascular disease in 24, hypertension in 1,
hyperlipidemia in 11, heart failure in 26, COPD in 16, cirrhosis in 14, stroke in 13, dialysis
in 1, previous myocardial infarction in 8, previous sternotomy in 1, dual antiplatelet therapy
in 3, statin use in 3, immunosuppression in 2, and obesity in 7.

“Patients >65 years old and meeting financial criteria for SSI.

“Defined by a recorded history of congestive heart failure or a left ventricular ejection frac-
tion <40%.

dTakmg immunosuppressive medication or known to have human immunodeficiency virus.

eDefined by body mass index >30 kg/m?.

the development of SWI (aOR, 2.4; 95% CI, 1.2-4.7; P = .01).
The risk associated with depression was stronger than that asso-
ciated with all other medical comorbid conditions (Table 5).

Characteristics of Infections

Of the 129 infections, 23 were superficial SWIs, 27 were deep
SWIs, and 79 were organ/space infections. Of the 28 case
patients with history of depression, as defined by the composite
variable, 5 had a superficial SWI, 8 had a deep SWI, and 15 had
an organ/space infection.

Thirty-eight infections were polymicrobial, and 5 were
culture negative. S. aureus was the most common organism
isolated (n = 55), followed by other staphylococcal species
(n = 34), Klebsiella spp. (n = 21), Pseudomonas spp. (n = 13),
and Enterococcus spp. (n = 13). Of the S. aureus isolates, 33 were
methicillin susceptible, 21 were methicillin resistant, and 1 did
not have available sensitivity data. Of the 21 patients with meth-
icillin-resistant isolates, 17 had received cefazolin alone for sur-
gical prophylaxis, 2 had received vancomycin, 1 had received
levofloxacin, and 1 did not have available surgical prophylaxis
data. There was no standard procedure regarding preoperative
screening for S. aureus colonization. Of the coagulase-negative
staphylococcal isolates, 6 were methicillin susceptible, 14 were
methicillin resistant, and 14 did not have available sensitivity
data. Of the 14 patients with methicillin-resistant isolates, 12
received cefazolin alone for surgical prophylaxis, 1 received
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Table 2. Depression History Among Study Patients

Patients, No. (%)°

All patients Case Patients Controls

Depression History Variable (n =387) (n =129 (n =258) PValue
Recorded diagnosis of depression 33 (8.55) 12 (9.4) 21 (8.14) .70
Abnormal preoperative mood® 19 (6.4) 13 (13.0) 6(3.1) .005
“Depressed” preoperative mood 7 (2.3) 6 (6.0) 1(0.5) .03
Preoperative /CD-9 code for depression 15 (3.9) 5(3.9) 10 (3.9) >.99
Taking antidepressant®

At time of surgery 45 (11.7) 21 (16.3) 24 (9.4) .05

Within 1y of surgery 49 (12.7) 23 (17.8) 26 (10.2) .03
Depression history® 57 (14.7) 28 (21.7) 29 (11.2) .01

Abbreviation: /CD-9, International Classification of Diseases, Ninth Revision.

“Some data were missing; 90 patients lacked documentation of their mood on the preoperative review of systems, 3 lacked documentation of a home medication list at time of surgery,

and 280 patients did not have an additional medication list from within 1 year before surgery.

®Mood recorded as anything other than “normal” on the preoperative review of systems.

CEither a first-line antidepressant (bupropion, selective serotonin reuptake inhibitor, or serotonin-norepinephrine reuptake inhibitor) or >1 antidepressant.

9Depression history was defined as having a recorded diagnosis of depression in the medical record, a depressed mood on preoperative review of systems, a preoperative /CD-9 code for
depression, or a history of antidepressant use at the time of surgery or in the year before surgery.

vancomycin and gentamicin, and 1 did not have available sur-
gical prophylaxis data. Of the 21 Klebsiella isolates, 15 were
sensitive to cefazolin, 5 were not, and 1 did not have available
sensitivity data.

DISCUSSION

A preoperative history of depression, as defined by our compos-
ite variable, seems to be associated with a significantly increased
risk of SWT after sternotomy or thoracotomy for cardiothoracic
surgery, compared with no history of depression. This associa-
tion remained significant after adjustment for all other signif-
icant risk factors. To our knowledge, this is the first study that
identifies preoperative history of depression as an independent
risk factor for SWI after CABG, valve surgery, coronary artery
unroofing, or aortic root surgery. These results will be discussed
below in the context of existing literature, possible next steps in
research, and clinical implications.

Table 3. Baseline Laboratory Values

Our results complement existing data that suggest a link
between depression and postoperative infection. For example,
depression is an independent risk factor for the development of
periprosthetic joint infection in patients undergoing total knee
arthroplasty and total hip arthroplasty [27, 28]. Our results are
also consistent with previous studies addressing outcomes spe-
cifically in cardiothoracic surgery. Scheier et al [29] assessed rates
of rehospitalization after CABG and found that depression was
associated with increased risk of rehospitalization for SWI, and
Doering et al [30] found that CABG patients with postoperative
depressive symptoms were more likely than patients without such
symptoms to have a wound complication (including SW1, saphe-
nous vein harvest site infection, or evidence of impaired wound
healing). Our study corroborates and expands on these findings.

In the univariate analysis, antidepressant use was also sig-
nificantly associated with SWI (P = .03). We considered anti-
depressant use to be a marker of depression history. Of note,
though 7 patients were taking bupropion, 5 were not smokers,

Median (IQR)?

Laboratory Value Case Patients (n = 129) Controls (n = 258) PValue
Body mass index, kg/m? 29.6 (9.6) 273 (77) <.001
WBC count, WBCs/uL 79 (2.6) 745 (2.8) .09
Creatinine, mg/dL 1.1 (0.46) 1.0 (0.3) 17
GFR, mL/min/1.73 m? 61.5 (28.6) 66 (28.5) 07
Albumin, g/dL 3.8(0.70) 3.9 (0.80) .98
Total bilirubin, mg/dL 0.6 (0.35) 0.6 (0.30) .56
Preoperative glucose, mg/dL 125.0 (75.0) 114.0 (47.0) .10
Postoperative glucose, mg/dL 164.0 (49.5) 151.0 (47.0) .02

Abbreviations: GFR, glomerular filtration rate; IQR, interquartile range; WBC, white blood cell.

®Laboratory values are based on the last recorded value before surgery. Glucose values are only included if recorded within 24 hours of surgery; other values were collected <30 days before
surgery. Data were missing for body mass index in 7 patients, WBC count in 1, creatinine and GFR in 2, albumin and total bilirubin in 148, preoperative glucose in 142, and postoperative

glucose in 2.
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Table 4. Intraoperative Variables

Patients, No. (%)?

Variable Case Patients (n = 129) Controls (n = 258) PValue
CABG 90 (70) 131 (60.8) <.001
Valve and/or aortic root surgery 69 (53.5) 179 (69.4) .003
Use of BIMA 39 (54.9) 32 (45.1) .001
Use of prosthetic material 76 (58.9) 153 (70.2) .01
Urgency of surgery

Emergent 4 (3.5) 5(2.4) .28

Emergent or urgent 31(27.2) 44 (21.4) 27
Prophylaxis

Cefazolin® 106 (84.1) 204 (80.3) 34

Vancomycin 14 (11.1) 27 (10.7) .81

Vancomycin and gentamicin 6 (4.8) 25 (10.0) .03
Use of intra-aortic balloon pump 8(6.2) 7(2.7) .10
Use of cardiopulmonary bypass 117 (90.7) 236 (91.5) .78
Cardiopulmonary bypass duration, mean (SD), min 114.8 (59.5) 114.6 (54.1) .86

Abbreviations: BIMA, bilateral internal mammary artery. CABG, coronary artery bypass grafting; SD, standard deviation.

“Data represent No. (%) of patients unless otherwise specified. Data were missing for urgency of surgery in 67 patients, for antibiotic prophylaxis selection in 7 and for cardiopulmonary

bypass duration in 1.

One case patient received both cefazolin and vancomycin and is included in both groups, 2 controls received both cefazolin and vancomycin-gentamicin and are included in both groups,

and 1 case patient received prophylaxis with levofloxacin.

Table 5. Multivariable Analysis

respectively). Among 7 patients who reported a depressed
mood, infection developed in 6. A depressed preoperative mood

Variable aOR (95% CI P may therefore be a particularly strong signal regarding the risk
Depression history® LT ) of postoperative SWI, and the relationship between timing of
Heart failure 1.7 (1.0-2.7) .04 . A .
Obesity T - surgery and severity of mood symptoms is important to inves-
Coronary artery bypass grafting 2.7 (16-4.5) 001 tigate further. However, the low number of reviews of systems
Intra-aortic balloon pump use 4.3 (1.2-14.6) 02 with reported depressed mood suggests that this measure had
Age 0.98 (1.0-1.0) .02 poor sensitivity for detecting depression. Validated, sensitive
Sex 0.89 (.6-1.5) .67

Abbreviations: aOR, adjusted odds ratio; Cl, confidence interval.

?As defined by the composite definition of depression history (a recorded diagnosis of
depression in the medical record, a “depressed” mood on preoperative review of systems,
a preoperative International Classification of Diseases, Ninth Revision, code for depression,
or a history of first-line or combination antidepressant use at the time of surgery or in the
year before surgery).

and only 1 patient was taking it for an unknown indication.
We therefore considered it unlikely that bupropion use biased
the study results. Although many patients do not respond to
pharmacotherapy for depression, other effective treatments
are available. A randomized controlled trial of an interactive,
computerized cognitive behavioral therapy program (Beating
the Blues) demonstrated a substantial, statistically significant,
and enduring reduction in symptoms of depression [31, 32]. It
is likely that reducing the risk of SWI may require both identi-
tying depression and ensuring adequate treatment.

Our results suggest that screening tools can help identify
patients at risk for infection. In our univariate analysis, among
measures of depression history, an “abnormal” or depressed
mood on the preoperative review of systems was associated
with the strongest unadjusted risk of SWI (P = .005 and P = .03,

depression screens exist; future studies using standard screen-
ing and diagnostic measures to detect depression are warranted.

Our results supported our primary hypothesis that preoper-
ative depression history, as defined by our composite variable,
was associated with an increased risk of SWI. Moreover, our
findings with regard to the relationship between obesity, heart
failure, and intra-aortic balloon pump use and increased risk of
SWI are consistent with those of previous studies, which sup-
ports the validity of our data [6-8, 13, 33].

Because this was a retrospective study, a limitation is that we
did not have a structured psychiatric interview with a set of val-
idated criteria to identify depression. Our composite definition
relied on the willingness of the patient to disclose a psychiatric
history and the diligence of the interviewer in taking a history,
completing the review of systems, and performing an up-to-
date medication reconciliation. Although our composite defi-
nition has not been validated, other studies have used similar
components when assessing for history of depression [34-36].
The aim of the composite definition was to avoid underdetec-
tion of depression history. To meet this aim, we sacrificed some
specificity of the measure. Even so, in our study, the prevalence
of depression was still lower than has been found in previous
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studies of patients undergoing cardiothoracic surgery. Because
the same measures of detection were used for all patients,
depression history was probably equally underdetected in case
patients and controls. Although there were missing data (ie,
preoperative mood), the proportion of missing data was the
same in case patients and controls.

Another limitation of our study may be underdetection of
superficial SWT after discharge, as suggested by the high percent-
age of organ/space infections. Because our hospital is a referral
center, many patients do not live close by. Superficial infections
that did not require reoperation may have been treated at an
outside, local hospital without communication with our surgi-
cal team or hospital epidemiologist. We performed a sensitivity
analysis to address this issue: when we removed superficial SWI
as part of the outcome measure (keeping only deep and organ/
space SWIs), the model did not significantly change.

Our study does not shed light on the mechanisms by which
depression may increase the risk of SW1, and this requires fur-
ther investigation. However, a link between depression and
infection is biologically plausible. Negative mood symptoms,
such as stress, are strongly associated with poor wound heal-
ing and increased susceptibility to bacterial wound infection
in both mice and humans [37-40]. Depression is associated
with alterations in immune gene expression regulated by the
hypothalamic-pituitary-adrenal axis and the sympathetic-ad-
renal-medullary axis with subsequent effects on inflammation
and susceptibility to infection [41-44]. There is also an emerg-
ing literature on the relationship between the gut microbiome
and depression [45]; patients with depression have altered fecal
microbiota [46], and some antidepressant medications are
thought to have antimicrobial effects that could correct this dys-
biosis [47]. Microbiome changes as a result of depression or its
treatment could influence pathogen carriage and may mediate
subsequent risk of infection.

Identifying risk factors for SWI that are potentially mod-
ifiable is the first step toward reducing the risk of infection.
Though our study had notable limitations, our identification of
a new and significant risk factor for SWI is grounded in a body
of literature that has established a link between depression and
poor outcomes after cardiothoracic surgery. Our data suggest
that preoperative patients should be screened rigorously for
depression. Future, prospective studies should further explore
this association, parse out which aspect of depression history
(preoperative mood, treatment, microbiome changes, neuro-
hormonal pathway changes, etc) may be most correlated with
SWI risk, and investigate whether effective interventions for
depression could decrease the risk of SWI.
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