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Background: Surgery plays an important role in the management of complex thoracic infections (CTTIs).
We aimed to describe the contemporary surgical outcomes of CTTs.

Methods: The 2014-2017 National Surgical Quality Improvement Program (NSQIP) database was
queried for patients with the following procedures: bilobectomy, decortication, lung release, lobectomy,
thoracoscopic lobectomy, thoracoscopic pleurodesis, thoracoscopic wedge resection, thoracoscopic biopsy,
thoracoscopy, thoracotomy, thoracotomy with wedge resection, thoracotomy with decortication, and
thoracotomy with lobectomy. Patients were classified into: drainage procedures (DP) and lung resection (LR).
Descriptive statistics and univariate/multivariate analysis were executed. A P value <0.05 was considered
significant.

Results: A total of 1,275 patients (30.3%) underwent surgical management for a CTI. Nine hundred and
seven patients (71.1%) underwent a DP, and 368 patients (28.9%) underwent a LR. A thoracic surgeon
performed 64% and 79% of cases in the DP and LR groups, respectively. On univariate analysis, the patients
in the LR group were less likely to be male, diabetic, active smokers, dyspneic on exertion, hypertensive,
malnourished, or American Society of Anesthesiologist (ASA) >3. There was no difference in overall
postoperative complications, re-intubation, or reoperation between groups. The patients in the LR group
were less likely to develop sepsis or respiratory failure. There was no difference in 30-day mortality between
groups (5.3% vs. 3.8%, P=0.26). The total length of stay was 13.82+10.17 and 8.7+15.05 days, in the DP
and LR groups, respectively (P=0.001). Multivariate analysis revealed increased risk of 30-day mortality was
associated with age, preoperative steroid use, renal failure, leukocytosis, pulmonary embolism, and sepsis.
Conclusions: CTT’s are a common indication for thoracic surgical management. This contemporary,
national sampling demonstrates that approximately one third of identified cases were associated with a LR.
These cases demonstrated a comparable morbidity and mortality with surgical DP, but shorter hospital
stays. To aid in the management of these complex disease processes, early consultation of a multidisciplinary
management service for these patients should be considered. Furthermore, the appropriate use of LR for

infectious etiologies may lead to safer postoperative outcomes than previously thought.
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Introduction

Complex thoracic infections (CTTs) frequently present in the
form of complicated pneumonia, loculated pleural effusion,
empyema or pulmonary abscess. Effusions frequently
complicate pneumonias as migration of neutrophils
and monocytes result in intrapleural inflammation and
accumulation of fluid (1). Most effusions are sterile or simple,
and they typically resolve as the infectious process is treated.
However, when bacteria translocate into the pleural space,
a complex effusion or empyema may develop. Complex
effusions are characterized by the formation of fibrin deposits,
septations and/or purulent deposits in the pleural space.
"This exudative process usually necessitates invasive drainage
procedures (DP), intrapleural enzyme administration, and/
or surgical washout with or without decortication to achieve
resolution (1-3).

In a recent study, the majority of empyemas were
found to be secondary to infections with viridans group
streptococci, which was isolated in 64% of cases with
cultures (3). Along with more virulent strains of common
bacterial pathogens, the prevalence of non-tuberculous
myobacterial lung disease has been increasing (4). The
indolent nature of these complex infections, as well as high
antibiotic resistance may result in extensive parenchymal
destruction causing respiratory failure and recurrent
infections. Traditional teaching has cautioned against the
use of parenchymal resections for the management of
complex pulmonary infections, with a reported mortality of
up to 40%. More recently, the American Thoracic Society
has proposed a multidisciplinary treatment approach for
complicated infectious lung diseases, which involves a
combination of antibiotics and adjuvant surgery (4,5).

The objectives of this study were to evaluate the
contemporary use of surgical management for CTIs and
compare 30-day morbidity and mortality of thoracic DP to those
that involved lung resection (LR) using a multi-institutional
validated, standardized, and audited surgical outcomes database.

Methods

The American College of Surgeons National Surgical
Quality Improvement Program (ACS-NSQIP) is a
prospective, multi-institutional, risk-adjusted 30-day
outcomes program that provides participating hospitals with
comparative data for internal quality-improvement efforts.
The details of the sampling strategy, data abstraction,
variables collected, and outcomes monitored have been
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previously described (6). Institutional review board approval
was not obtained for this study given the lack of patient
identifying data in the ACS NSQIP database.

The ACS NSQIP participant use file (PUF) from 2014 to
2017 was used to identify patients who underwent a thoracic
surgical intervention including: bilobectomy, decortication,
exploration of the chest with biopsy, partial removal of
the lung, release of lung, removal of lung/lobectomy,
thoracoscopic lobectomy, thoracoscopic pleurodesis,
thoracoscopic wedge resection, thoracoscopic biopsy of the
pleura, thoracoscopy, thoracotomy with major exploration,
thoracotomy with wedge resection, thoracotomy with
decortication, and thoracotomy with lobectomy based on
Current Procedural Terminology (CPT codes: 32100,
32220, 32480, 32482, 32505, 32609, 32650, 32652, 32663,
32666). Patients with CTIs were selected based on ICD-9
codes for empyema, pneumonia, pulmonary abscess,
aspergillosis, tuberculosis, coccidiomycosis, histoplasmosis,
pneumocystosis, candida, actinomycosis, cryptococcosis,
viral pneumonia, mycobacteria, and zygomycosis. Patients
were then classified into two groups based on extent of
surgery: DP and LR.

To reduce confounding from multiple procedures,
patients who had undergone a prior operation within 30 days
of the index procedure were excluded from the analysis.
Patient demographics, baseline comorbidities and clinical
characteristics were recorded (6). Additional, procedure
specific variables including transfusion requirement,
operative time and total length of stay were assessed, as was
surgeon specialty (i.e., thoracic, cardiac, or general). Surgical
extent was based on the most invasive CP'T" code listed.

The primary outcome was overall 30-day postoperative
mortality. Secondary outcomes included overall morbidity
rate, specific complications rates, need for reoperation
within 30 days of the index operation, postoperative length
of stay, discharge status, as well as standard postoperative
complication rates (6). Descriptive statistics and a univariate
analysis were executed using student 7-test and Chi-
squared, as appropriate. Multivariate analysis was executed
using logistic regression. A P value <0.05 was considered
statistically significant with a confidence interval of 95%.

Results

A total of 4,205 patients were identified between 2014 and
2017. Surgical management of a CTI was performed in
1,275 patients (30.3%). The mean age was 56.6£15.8 years,
83.7% were Caucasian, and 34.3% female. A LR (partial or
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anatomical) was performed in 28.9% (368/1,275) of patients
operated on for CTI. Patient demographics, comorbidities,
and pre-operative laboratory values are presented in 7able 1.
There was no difference in mean age (56.57+16.19 vs.
56.55+14.73, P=0.98), or race (Caucasian 83.7% for both,
P=0.1) in the DP and LR groups, respectively. However,
female gender was significantly higher in the DP group than
in the LR group (29.8% vs. 45.4%, P=0.001); and diabetes
was significantly lower (20.5% vs. 11.9%, P=0.004). Patients
in the DP group were more likely to be active smokers
(36.7% wvs. 26.6%, P=0.001), have a history of alcohol abuse
(3.2% wvs. 1.1%, P=0.001), dyspnea on exertion (43.3% uvs.
25.0%, P=0.001), congestive heart failure (3.7% vs. 0.3%,
P=0.001), hypertension (48.4% wvs. 34.2%, P=0.001), and
American Society of Anesthesiologist (ASA) classification
>3 (87.9% vs. 77.4%, P=0.001), compared to patients in the
LR group. Conversely, patients in the LR group were more
likely to have COPD (14.7% vs. 21.5%, P=0.003) and be
on chronic steroids (6.8% vs. 11.4%, P=0.007). There was
no difference in smoking pack years or recent weight loss
between the two groups. Preoperative laboratory values are
also listed in Tible 1.

Overall, the indications for surgery were empyema 57%
(n=667), pneumonia 20% (n=223), pulmonary abscess
10% (n=115), aspergillosis 4% (n=42), tuberculosis 6%
(n=76), coccidiomycosis 0.9% (n=11), histoplasmosis 1.3%
(n=16), pneumocystosis 0.2% (n=3), candida 0.1% (n=1),
actinomycosis 0.3% (n=4), cryptococcosis 0.6% (n=7),
viral pneumonia 0.2% (n=3), mycobacteria 2% (n=29), and
zygomycosis 0.4% (n=5) (Figure I).

The operative surgeon was identified as a Thoracic
surgeon in 69%, General surgeon in 22%, and Cardiac
surgeon in 3% of cases. In general, Thoracic surgeons
were more likely to perform a LR than General or Cardiac
Surgeons (79% vs. 14% and 3%, respectively, P=0.001).
Figure 2 represents the credentials of the operating surgeon
in the DP and LR groups. The most common procedure was
a total decortication, which was performed in 43% (n=549)
of cases. Other cases included: thoracoscopy with washout
11% (n=136), thoracoscopic wedge resection 8% (n=105),
release of lung 8% (n=98), single lobectomy 7% (n=97),
thoracotomy with wedge resection 5% (n=59), thoracoscopic
lobectomy 4% (n=50), thoracic exploration with biopsy 3%
(n=38), partial removal of the lung 3% (n=35), thoracoscopic
pleurodesis 3% (n=34), thoracoscopic pleural biopsy 3%
(n=32), thoracotomy 3% (n=32), and bilobectomy 1% (n=10).

Opverall, a postoperative complication occurred in 56.2%
of cases (716/1,275). Postoperative outcomes are listed in
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Table 2. On univariate analysis, there was no significant
difference in the rate of any complication between the
DP and LR groups (57.8% vs. 52.2%, P=0.06). However,
the DP group experienced significantly higher frequency
of respiratory failure (13.8% vs. 9.0%, P=0.04) and sepsis
(11.9% wvs. 5.2%, P=0.001) compared to the LR group.
There was no difference in the rates of re-intubation
(5.0% wvs. 5.1%, P=0.85), surgical site infections (1.0% uvs.
1.7%, P=0.24), urinary tract infections (0.8% vs. 0.8%,
P=0.93), return to the operating room (6.2% wvs. 5.4%,
P=0.61), cardiac arrest (0.9% vs. 0.8%, P=0.9), deep venous
thrombosis (1.1% wvs. 2.2%, P=0.14), septic shock (8.4% vs.
6.5%, P=0.12), transfusion requirement (18.0% wvs. 17.1%,
P=0.73), renal failure (2% wvs. 1%, P=0.22), and pulmonary
embolism (0.3% wvs. 0.3%, P=0.86) between the two groups.
The mean total length of hospital days was longer in the DP
group compared to the LR group (13.8£10.17 vs. 8.7+15.05,
P=0.001), and patients in the DP group were more likely
to be discharged to a rehabilitation center (3.8% vs. 2.1%,
P=0.001). Patients in the LR group did have a slightly higher
rate of readmission within 30-days (5.8% uvs. 6.5%, P=0.001).
There was no significant difference in 30-day mortality
between the DP and the LR group (5.3% wvs. 3.8%, P=0.206).

On multivariate analysis, 30-day mortality was associated
with age [odds ratio (OR) 1.04; 95% CI, 1.02-1.07],
preoperative steroid use (OR 2.76; 95% CI, 1.02-7.57),
renal failure (OR 1.55; 95% CI, 1.23-1.97), leukocytosis
(OR 1.07; 95% CI, 1.02-1.12), pulmonary embolism (OR
34.11; 95% CIL, 2.42-480.88), sepsis (OR 7.04; 95% CI,
1.27-38.46), and any postoperative complication (OR
4.23; 95% CI, 1.46-12.24). The regression model had a
concordance statistic of 0.87.

Discussion

New evidence is beginning to emerge that challenges
traditional surgical dogma of avoiding LR for CTIs. In the
current study, we describe the contemporary, real world
outcomes of 1,275 patients across the United States who
underwent surgical management of a CTT during 2014
to 2017 in ACS-NSQIP participating hospitals. A LR
procedure was performed in 28.9% of identified patients
with ICD-9 codes indicating an infectious etiology. The
patients identified were predominantly male, Caucasian and
relatively young, with a mean age in the mid-50s. While
there were some baseline differences in the co-morbidities
of the two groups, it appears from our data that cases of
CTT that require a parenchymal resection can be done
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Table 1 Patient demographics, comorbidities, and pre-operative laboratory values

Variables Drainage procedures (DP), n=907 patients Lung resection (LR), n=368 patients P value
Age (years) 56.57 (+16.19) 56.55 (+14.73) 0.98
Height (inches) 62.61 (+28.60) 65.44 (+15.47) 0.07
Weight (Ibs) 179.47 (£61.11) 168.15 (£52.43) 0.002
Female gender 29.8% 45.4% 0.001
Caucasian 83.7% 83.7%

Diabetes 20.5% 11.9% 0.004
Active smoking 36.7% 26.6% 0.001
Smoking pack years 20.32 (£29.56) 22.4 (£28.52) 0.64
Alcohol abuse 3.2% 1.1% 0.001
Dyspnea 43.3% 25.0% 0.001
COPD 14.7% 21.5% 0.003
CHF 3.7% 0.3% 0.001
Ml 0.9% 0.0%

Prior PCI 1.7% 1.1%

Angina in past 30-day 0.2% 0.0%

Hypertension 48.4% 34.2% 0.001
History of PVD 0.8% 0.0% 0.001
Steroid use for chronic condition 6.8% 11.4% 0.007
Recent weight loss 6.7% 7.3% 0.69
Bleeding disorder 8.4% 4.9% 0.031
ASA >3 87.9% 77.4% 0.001
Pre-op sodium 136.74 (£4.01) 138.54 (£3.48) 0.001
Pre-op BUN 16.2 (£12.70) 15.78 (+10.59) 0.58
Pre-op creatinine 1.07 (x1.12) 0.91 (£0.51) 0.008
Pre-op albumin 2.59 (+0.76) 3.39 (+0.87) 0.001
Pre-op bilirubin 0.67 (+0.66) 0.59 (+0.67) 0.98
Pre-op SGOT 32.49 (+£35) 29.96 (+45.36) 0.35
Pre-op Alk phosphate 124.1 (+86.05) 103.32 (+84.05) 0.001
Pre-op WBC 13.49 (+6.78) 9.45 (+5.26) 0.001
Pre-op hematocrit 32.94 (£5.30) 36.93 (£6.27) 0.001
Pre-op platelets 372.27 (+154.57) 278.65 (+117.18) 0.001
Pre-op PTT 34.05 (+8.55) 31 (£6.81) 0.001
Pre-op INR 1.23 (x0.35) 1.07 (x0.16) 0.001
Pre-op PT 13.57 (+2.77) 13.82 (+3.46) 0.53

COPD, chronic obstructive pulmonary disease; CHF, congestive heart failure; MI, myocardial infarction; PCI, percutaneous coronary
intervention; PVD, peripheral vascular disease; ASA, American Society of Anesthesiology; BUN, blood urea nitrogen; SGOT, serum
glutamic oxaloacetic transaminase; WBC, white blood cells; PTT, partial thromboplastin time; INR, international normalized ratio; PT,

prothrombin time.
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Figure 1 Indications for surgical resection.
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Figure 2 Credentials of the operating surgeon in the Drainage

procedures and lung resection groups.

with similar rates of overall complications, no difference in
30-day mortality, and lower length of stay compared to
those cases that only required pleural drainage.

While some type of pleural intervention is generally
thought to be required for empyema treatment, a recent study
by Birkenkamp et 4/. described the outcomes of 91 patients
who underwent conservative management for empyema (3).
The predominant organisms were viridans group streptococci
in 64% of cases with a median length of hospitalization of
9 days and the duration of antimicrobial therapy ranged
between 15 and 31 days. The use of longer courses of
parenteral antibiotic therapy was associated with fewer cases of
clinical failure. However, adjunct therapies, such as drainage
or surgical washout, utilized for the management of these
infections were not mentioned in the study.

Intrapleural tissue plasminogen activator (tPA)/
deoxyribonuclease (DNase) therapy for pleural infection has
been shown to significantly improve radiological outcomes
in several studies (7-14). In a multicenter study reported
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by Piccolo et al., 107 patients with pleural infections were
treated with antibiotics and drainage (7). The majority
of patients (92.3%) were successfully managed without
the need for surgical intervention. Most patients (84%)
received tPA/DNase more than 24 hours after failing
to respond to initial conservative management with
antibiotics and tube thoracostomy. The administration of
tPA/DNase increased fluid drained by a factor of 10 over
a period of 72 hours after the initial administration. The
investigators noted a corresponding clearance of pleural
opacity on chest radiographs as well as significant reduction
in C-reactive protein after therapy. Interestingly, in regards
to surgical management, a systematic review published by
Redden ez al. concluded that there is no statistically significant
difference in mortality between primary surgical and non-
surgical management of pleural empyema for all age groups (15).
However, video-assisted thoracoscopic surgery reduced length
of hospital stay compared to tube thoracostomy drainage alone.
The most frequent indications for surgical intervention
in the current study were empyema (57%), complicated
pneumonia (20%), pulmonary abscess (10%), and
tuberculosis (6%). The goal of surgery in the management
of complicated infections is to disrupt undrained or
trapped purulent collections to either free or prevent the
formation of trapped lung and allow the infection to clear.
‘Traditionally, indications for resection of lung parenchyma
in cases of infection include a poor response to drug
therapy, the development of drug resistant disease, or the
presence of a significant disease related complication such
as hemoptysis (4). The surgical procedures of choice are
various types of pulmonary resections, including wedge
resection, segmentectomy, lobectomy, or pneumonectomy.
The outcomes of 171 patients who underwent anatomic
LR with thoracoscopic lobectomy or segmentectomy for
infectious lung disease were reported by Mitchell ez al.
in 2012 (16). Eighty six percent of these patients had a
Mycobacterium avium complex infection. The authors
recommend the use of video assisted thoracoscopy as the
main approach for the management of lung infections,
mainly due to the potentially lower risk of developing a
bronchopleural fistula. The mortality rate that had been
previously reported was 7.1% in the 1980s, 4.8% in the
1990s, and 0.6% in the 2000s. In the current study, the 30-
day mortality for patients in the DP group was 5.3%, and
3.8% in the LR group (P=0.26), indicating resection can
be done without increasing mortality. Our multivariate
analysis revealed that an increased risk of 30-day mortality
was associated with age, preoperative steroid use, renal
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Table 2 Postoperative complications and clinical outcomes
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Outcome Drainage procedures (DP), N=907 patients  Lung resection (LR), N=368 patients P value
Any complication 57.8% 52.2% 0.06
DVT 1.1% 2.2% 0.14
Superficial SSI 1.0% 1.7% 0.24
Organ/space SSI 2.0% 0.5% 0.16
Cardiac arrest 0.9% 0.8% 0.9
Post-op Ml 1% 0% 0.39
Urinary infection 0.8% 0.8% 0.93
Post-op RI 2% 1% 0.22
Sepsis 11.9% 5.2% 0.001
Septic shock 8.4% 6.5% 0.12
Respiratory failure 13.8% 9.0% 0.04
Re-intubation 5.0% 51% 0.85
Pulmonary embolism 0.3% 0.3% 0.86
Bleeding requiring transfusion 18.0% 171% 0.73
Return to OR 6.2% 5.4% 0.61
Mortality 5.3% 3.8% 0.26
Preoperative partial/full dependence 2% 0% 0.001
Postoperative partial/full dependence 3.8% 2.1% 0.001
Readmission 5.8% 6.5% 0.001
Total length of hospital stay (days + SD) 13.82 (£10.17) 8.7 (x15.05) 0.001

DVT, deep venous thrombosis; SSI, surgical site infections; MI, myocardial infarction; RI, renal insufficiency; OR, operating room; SD,

standard deviation.

failure, leukocytosis, pulmonary embolism, and sepsis with a
concordance score showing high predictability (0.87). These
results seem in-line with other contemporary series (4,16-20).
"Taken together, these data suggest that the appropriate use of
LR for infectious lung disease can be safe and beneficial.

The findings of this study should be interpreted in the
setting of several limitations. Given the retrospective nature
of the data, comparisons of these treatment groups can suffer
from selection bias in the treatment assignment. It is also
difficult to determine if a LR was planned or if this was a
clinical decision made during the operation. Nevertheless,
we are able to compare the extent of surgery ultimately
received by the patient, which affords a more realistic
assessment of the potential complications. There is also the
potential underestimation of important outcome variables.
However, the ACS-NSQIP database has trained, audited
data abstractors and is considered by many to be the most
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robust large-scale surgical outcomes database available. An
additional limitation of the ACS-NSQIP database is the
inability to track thoracic-specific outcomes that are available
in other databases, such as duration of air leak or chest tube
duration. Despite these limitations, we believe that this study
has the strengths of a rigorously reported, national sampling
of contemporary outcomes of surgical management of CTIs
and yields strong, generalizable results.

Conclusions

CTTI’s are a common indication for thoracic surgical
management. This contemporary, national sampling
demonstrates that approximately one third of identified
cases were associated with a LR. These cases demonstrated
a comparable morbidity and mortality with surgical DP,
but shorter hospital stays. To aid in the management of
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these complex disease processes, early consultation of
multidisciplinary management service for these patients
should be considered. Furthermore, the appropriate use of
LR for infectious etiologies may lead to safer postoperative
outcomes than previously thought.
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