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Abstract 
Introduction:  Empyema is associated with significant

morbidity and mortality, if not treated properly. The aim of
this study is to assess the prevalence and risk factors of
mortality in emergency-admitted patients with the primary
diagnosis of empyema (plural empyema), during the years
2005-2014.

Methods: This was a retrospective cohort study.
Demographics and clinical data obtained from the National
Inpatient Sample, 2005-2014, to evaluate non-elderly adult
(18-64 years) and elderly (65+years) patients with the
primary diagnosis of empyema (ICD-9 code 510) who
underwent emergency hospital admission. Multivariable
generalized additive model (GAM) and multivariable
logistic regression model with backward elimination were
used to identify association of predictors and in-hospital
mortality.

Results: A total of 11,616 non-elderly adults and 6,417
elderly patients were studied. 29.4% in the non-elderly and
34.7 % in the elderly adults were females. 280 (2.4%) non-
elderly adults (28.9% female), and 511 (8.0%) elderly
(32.7% female), died in the hospital. The mean (SD) age of
the non-elderly adults was 48 (11) years and elderly 76 (8)
years. The mean (SD) age at the time of death of non-
elderly adults was 54 (9) years and for elderly 79 (8) years.

30% of the deceased non-elderly adult patients and 9.3% of
the survived had a fistula (P<0.001), while, 17% of the
deceased and 10.2% of the survived among the elderly had
a fistula (P<0.001). Mean (SD) modified frailty index in
survived and deceased nonelderly adult patients was 1.22
(1.09) and 1.65 (1.06), respectively (P<0.001). Mean (SD)
modified frailty index in survived and deceased elderly
patients was 1.97 (1.13) and 2.14 (1.15), respectively
(P<0.001). 17.2% of the non-elderly adult patients were
operated on and 82.8% were not, of which 2.3% and 3%
died, respectively. 15.0% of the elderly patients were
operated on and 85% were not, of which, 7.9% and 8.6%
died, respectively. In the final regression model, time to
operation, age, modified frailty index and presence of an
associated fistula, were the significant risk factors for
mortalities in all patients with operation. In patients who
were not operated, age significantly increased the odds of
mortality. In elderly patients with no operation, presence of
an associated fistula significantly increased the odds of
mortality.

Conclusions: Delay in operation, age, presence of a
fistula and modified frailty index were the common risk
factors of mortality in operated patients with the primary
diagnosis of empyema admitted emergently. In elderly
patients who did not undergo an operation and were
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diagnosed with an empyema, having an associated fistula
also significantly predicted higher odds of mortality.

Keywords: empyema, emergency general surgery, in-
hospital mortality, hospital length of stay.

Introduction 
Empyema is a condition that often results from an

infected parapneumonic effusion. Alternatively, it can be
seen following trauma, surgery, esophageal perforation, or
secondary to local spread from an adjacent subphrenic
abscess or osteomyelitis. In the United States, there are
approximately 32,000 cases per year. Empyema is
associated with elevated morbidity and mortality. Chalmers
et al., has identified seven key independent predictors that
can determine patients at risk of development complicated
parapneumonic effusion or empyema; low serum albumin
<30 g/l, CRP >100 mg/l, platelet count >400×109/l, serum
sodium <130 mmol/l, intravenous drug use, and chronic
alcohol abuse. Additionally, Eren et al., established that
prolonged duration of tube thoracostomy and length of
intensive care unit stay, presence of contusion, laparotomy
and retained haemothorax are independent predictors of
posttraumatic empyema. When taking the proposals for
empyema management guidelines issued by prolific
scientific societies into consideration, it is evident that
strong contradictions and interpretative limits emerge in
finding the best treatment to be adopted. Interestingly, the
relatively small size of existing studies has limited the
ability to study rare outcomes of empyema including in-
hospital mortality. Therefore, the roles of comorbidity and
risk factors of in-hospital stay, are poorly known as well.
Insufficient emphasis has been placed on drawing a clear
patient profile, on practices for management and
understanding of the clinical, and demographic difference.
This data is essential to the clarity required for an early
initiation of treatment, and, therefore, is a determinant of
successful outcome. The variation in demographic, clinical,
and hospitalization characteristics of the patients, require a
thorough analysis of clinical data, management
implementation, and treatment outcomes. The aim of this
study is to evaluate empyema prevalence, risk factors of
mortality and hospitalized patient characteristics on a larger
scale, spanning over a study of 10 years. 

Methods 
The Healthcare Cost and Utilization Project (HCUP)

was established to provide multistate, administrative,
population-based data on patients in a uniform format. The
data is designed for health services research to enhance
health care provision. The National Inpatient Sample (NIS),
a large administrative database produced by the Agency for
Healthcare Research and Quality (AHRQ), has been
progressively used as a country-wide publicly data source,
holding much potential and support for the assessment of
care patterns and research outcomes. It allows novel
approaches to investigate disease conditions, optimal care,
and patient outcomes. The NIS utilizes the process of
weighting when generating discharge samples from

community hospitals in the US, excluding rehabilitation
centres, and long-term acute care facilities. This method of
stratification makes it possible to make a national estimate
of hospitalizations for certain factors. This retrospective
cohort study extracted data on adult and elderly patients
with empyema that had emergency general surgery (EGS)
procedures. The sample extracted from the NIS-2005-2014.
The ICD-9 code to identify patients with empyema were
510. The following characteristics of patients and hospitals
were collected and analyzed: age, gender, race, income
quartile, primary diagnosis, hospital ownership
(government vs. private), health care insurance (Medicare,
Medicaid, private insurance, self-paid, and no charge),
invasive diagnostic status, surgical status, days to first
procedure, hospital length of stay  (HLOS), total charges
and the associated comorbidities (Deficiency anemias,
chronic pulmonary disease, coagulopathy, hypertension,
liver disease, fluid and electrolyte disorders, metastatic
cancer, renal failure, and weight loss). R software was used
for statistical analysis and p<0.01 was set significant.

Statistical Analysis 
Descriptive and analytical, statistical indicators were

used to present the findings. Mean, standard deviation
(SD), and confidence interval at 95% (CI) were calculated
for numerical variables. The comparisons were done by χ2
test for categorical variables, by t-test for parametric
continuous variables, and Mann-Whitney U test for non-
parametric continuous variables. The behavior of different
variables in predicting the presence of mortality was
evaluated by multivariable logistic regression analysis.
Backward stepwise regression analysis was used to find the
final predictors of mortality in the adjusted model. The p
values less than 0.05 were considered significant. All
analyses were done by SPSS software version 17 (SPSS
Inc., Chicago, IL). 

Results
Gender Differences 
Adult Group
11,616 adult patients (age 18-64) were admitted with the

primary diagnosis of empyema and included in this study.
This group was composed of 8,199 males (70.6%) and
3,417 females (29.4%) of a similar mean age. The mean
(SD) age of the 280 patients who died during the study
period of 2005-2014 was 54.03 (9.16) years old of which
199 were males (71.1%) and 81 were females (28.9%).
Regardless of gender, most patients were white, of the first
income quartile, funded largely by private insurance, and
admitted to an urban teaching hospital (Table 1). The most
pertinent comorbidities among the emergently admitted
adult patients were hypertension, deficiency anemias,
chronic pulmonary disease, uncomplicated diabetes, as well
as fluid/electrolyte disorders. Men manifested significantly
more comorbidities of alcohol abuse and liver disease
while women showed more with deficiency anemias,
chronic pulmonary disease, uncomplicated diabetes,
metastatic cancer, obesity, and hypothyroidism. Further,
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men manifested a significantly lower rate of the presence
of a fistula relative to females, 9.2% vs 11.4% respectively
(Table 1, p<0.001). All of the patients’ characteristics and
clinical data are summarized in Table 1. 

Elderly Group
A total of 6,417 elderly adult patients (age 65+ years)

were admitted with the primary diagnosis of empyema and
included in the current study. Out of this, 4,193 were men
(65.3%) and 2,224 were women (34.7%). The mean (SD)
age of the female group was 76.67 (8.04), which was
significantly higher than the mean age of the males at
75.49 (7.41) (p<0.001). Regardless of gender, most patients

were white, of income quartile 2, funded mostly by
Medicare, and admitted to an urban teaching hospital. The
major comorbidities among the emergently admitted
elderly patients were hypertension, chronic pulmonary
disease, deficiency anemias, uncomplicated diabetes, renal
failure, and fluid/electrolyte disorders. Men manifested
significantly more likely to suffer from comorbidities of
alcohol abuse and liver disease while women suffered from
comorbidities of deficiency anemias, chronic pulmonary
disease, fluid/electrolyte disorders, obesity, and
hypothyroidism. These patients’ characteristics and clinical
data are summarized in Table 1. 

Patients’ Characteristics Adult, N (%) Elderly, N (%)
Male Female p Male Female      p

Table 1. Characteristics of emergency admitted patients with the primary diagnosis of empyema. Data was
stratified according to sex categories, NIS 2005-2014.
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Patients’ Characteristics Adult, N (%) Elderly, N (%)
Male Female p Male Female      p
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Patients’ Characteristics Adult, N (%) Elderly, N (%)
Male Female p Male Female      p
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Patients’ Characteristics Adult, N (%) Elderly, N (%)
Male Female p Male Female      p
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Patients’ Characteristics Adult, N (%) Elderly, N (%)
Male Female p Male Female      p

Mortality
Adult Group
97.6% of adult patients survived and 2.4% did not. The

mean (SD) age of those who survived was 48.17 (11.44)
years, of whom 8,285 were males (70.6%) and 3,331 were
females (29.4%) with a similar mean age. The mean (SD)
age of the 280 patients who died during the study period
was significantly higher in comparison to the patients who
survived, at 54.03 (9.16) and 48.17 (11.44) years old,
respectively. 199 were males (71.1%) and 81 were females
(28.9%), with a similar mean age. By comparing deceased
to survived patients, significant differences can be seen in
certain comorbidities. The deceased manifested with
significantly higher rates of comorbidities of congestive
heart failure, coagulopathy, liver disease, pulmonary
circulation disorders, fluid/electrolyte disorders, metastatic
cancer, solid tumor, renal failure, and weight loss. More of
the deceased had a fistula compared to the survived group
at 30% vs 9.3%, respectively (P<0.001). Another finding
was that the hospital length of stay was significantly higher
in the deceased vs. survived groups at 15.14 days vs. 3.07

days, respectively. (P<0.001). Patients’ characteristics and
clinical data can be found in Table 2. 

Elderly Group
5,898 (92.0%) elderly patients lived and 511 (8.0%)

died. The mean (SD) age of the deceased was significantly
higher in comparison to the survived group, 78.70 (8.18)
vs. 75.66 (7.56) years, respectively (P<0.001). In the
survived patient group, 2,053 (34.8%) were women and
3,845 (65.2%) were men. The deceased group was
composed of 167(32.7%) females and 344 (67.3%) males.
When comparing deceased to survived patients, differences
in co-morbidities were noticed. The deceased manifested
higher rates of comorbidities such as: congestive heart
failure, coagulopathy, fluid/electrolyte disorders, renal
failure, and weight loss (P<0.001). Similarly, the deceased
had higher rates of fistulas (17.0% vs. 10.2%, respectively)
and a longer time of invasive diagnostic procedure (7.48
days vs. 4.85 days, respectively (P<0.001) relative to the
survived group. Table 2 summarizes these patients’
characteristics and clinical data.

Table 2. Characteristics of emergency admitted patients with the primary diagnosis of empyema. Data was classified
according to outcome categories, NIS 2005-2014.

Patients’ Characteristics Adult, N (%) Elderly, N (%)
Survived Deceased      p         Survived    Deceased          p
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Patients’ Characteristics Adult, N (%) Elderly, N (%)
Survived Deceased      p         Survived    Deceased          p
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Patients’ Characteristics Adult, N (%) Elderly, N (%)
Survived Deceased      p         Survived    Deceased          p
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Patients’ Characteristics Adult, N (%) Elderly, N (%)
Survived Deceased      p         Survived    Deceased          p
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Patients’ Characteristics Adult, N (%) Elderly, N (%)
Survived Deceased      p         Survived    Deceased          p

Operation vs. No Operation
Adult Group
The stratified analysis, based on the surgical procedure

status, is presented in Table 3. 2,005 (17.2%) adult
patients had a surgical procedure. Most patients were
males. The racial breakdown, by proportion of cases in
decreasing order was White, Black, Hispanic,
Asian/Pacific Islander, and Native American. Regardless
of the gender, most patients were of income quartile 1 and
were funded mostly by private insurance. A significantly
higher rate of the surgery patient group was admitted to
urban teaching hospitals, who were not operated on. In the
surgical procedure group, the rate of the comorbidities of
weight loss and fluid/electrolyte disorders, was
significantly higher in comparison to the non-operated
patients. They furthermore manifested higher rates of
fistula compared to the latter group. The operated patient
sample also underwent a significantly higher rate of
invasive diagnostic procedure in comparison to the non-

surgical procedure group as well as a significantly longer
HLOS. Patients’ characteristics and clinical data are found
in Table 3.

Elderly Group
The stratified analysis, based on the surgery status, is

presented in Table 3. 960 (15.0%) elderly patients had a
surgery. Most patients were males, and the racial
breakdown, by proportion of cases in decreasing order
was White, Black, Hispanic, Asian/Pacific Islander, and
Native American. Higher proportion of the surgery
procedure group were admitted to urban teaching
hospitals. In the group that had a surgical procedure, the
rate of comorbidity with renal failure was significantly
higher in comparison to the non-surgery procedure group.
They furthermore manifested higher rate of fistula, higher
rate of invasive diagnostic procedure, and longer HLOS.
Patients’ characteristics and clinical data are summarized
in Table 3.
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Table 3. Characteristics of emergency admitted patients with the primary diagnosis of empyema. Data was stratified
according to surgery status, NIS 2005-2014.

Patients’ Characteristics Adult, N (%) Elderly, N (%)
No Surgery Surgery      p          No Surgery    Surgery           p



KosovA College of surgeons

KOSOVA JOURNAL OF SURGERY | VOLUME 6 | ISSUE 1 | JANUARY 2022 121

Patients’ Characteristics Adult, N (%) Elderly, N (%)
No Surgery Surgery      p          No Surgery    Surgery           p
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Patients’ Characteristics Adult, N (%) Elderly, N (%)
No Surgery Surgery      p          No Surgery    Surgery           p
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Patients’ Characteristics Adult, N (%) Elderly, N (%)
No Surgery Surgery      p          No Surgery    Surgery           p

Patients’ Characteristics Adult, N (%) Elderly, N (%)
No Fistula Fistula      p             No Fistula    Fistula           p

Fistula Status
Adult Group
Table 4 presents the stratified analysis, based on fistula status.

1,140 (9.8%) adult patients had fistula. The mean age of the
fistula group was significantly higher in comparison to the non-
fistula group. The fistula group had higher rate of comorbidities
such as chronic pulmonary disease, metastatic cancer, solid
tumor, weight loss and obesity. They furthermore manifested
higher rates of invasive or surgical procedure compared to the
non-fistula group as well as longer time to their first procedure,
higher mortality rate and a longer HLOS. Patient characteristics
and clinical data are summarized in Table 4.

Elderly Group
The stratified analysis, based on the fistula status, is

presented in Table 4. 687 (10.7%) elderly patients had fistula.
The mean age of the fistula group was significantly lower in
comparison to the non-fistula group. The fistula group had
higher rate of comorbidities with solid tumour and weight loss.
They, furthermore, manifested a higher rate of invasive or
surgical procedure compared to the other groups, and higher rate
of mortality. Patients’ characteristics and clinical data are
summarized in Table 4.

Table 4. Characteristics of emergency admitted patients with the primary diagnosis of empyema. Data was stratified
according to fistula status, NIS 2005-2014.
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Patients’ Characteristics Adult, N (%) Elderly, N (%)
No Fistula Fistula      p             No Fistula    Fistula           p
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Patients’ Characteristics Adult, N (%) Elderly, N (%)
No Fistula Fistula      p             No Fistula    Fistula           p
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Patients’ Characteristics Adult, N (%) Elderly, N (%)
No Fistula Fistula      p             No Fistula    Fistula           p
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Risk Factors of Mortality
The multivariable logistic regression model for

mortality was built for the group with operation and,
subsequently, compared with the model built for the group
with no operation. The findings are presented in Tables 5
and 6. Common variables used to adjust the two models
were age, sex, income, insurance, and empyema with
fistula. In the final multivariable regression model for both
age groups that underwent an operation, time to operation,
age, modified frailty index and presence of an associated
fistula were the significant risk factors for mortalities
(Table 5). In all patients that were not operated, just age

significantly increased the odds of mortality (Table 6). In
adults and elderly patients who underwent a surgical
operation, each additional day of delay in time to operation
increased the odds of mortality by 4.9% and 3.7%,
respectively. The frailty index revealed 15.1% and 14.6%
higher odds of mortality for each additional score increase
in adults and elderly’s scores, respectively, who had
surgery. (Table 5). In adults and elderly who did not have a
surgery, each year of older age correlated with increased
odds of mortality by 3.9% and 5.4%, respectively. In the
elderly group also having a fistula was associated with
92.7% increased odds of mortality (Table 6).

Patients’ Characteristics Adult, N (%) Elderly, N (%)
No Fistula Fistula      p             No Fistula    Fistula           p

Table 5. Backward logistic regression analysis to evaluate the associations between mortality and different factors in
emergency admitted patients with the primary diagnosis of empyema and undergoing an operation. Mortality was the
dependent variable. NIS 2005-2014.
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Discussion
Time to Operation
The primary aim of this study was to evaluate

associations between demographics, socioeconomic
status, clinical status, comorbidities and HLOS and
overall postoperative mortality in emergency admitted
non-elderly adult and elderly patients with the primary
diagnosis of empyema admitted emergently. Each
additional day delay in time to operation increased the
odds of mortality by 4.9% in adults and 3.7% in
elderly patients who underwent a surgical operation.
Our results are supported by Meschino et al., who
showed that increasing time from admission to
operation was associated with greater mortality for
EGS patients. Furthermore, McIsaac et al., in a
propensity score–matched observational cohort study,
demonstrated a continuous, but possibly nonlinear,
association of delay of urgent or emergency surgery
with mortality and use of health care resources.
Miraflor et al., added that delayed intubation was
shown to be associated with increased mortality in
trauma patients. Interestingly, emergency surgery
without stabilization prior to surgical repair for total
anomalous pulmonary venous connection, managed to
reduce duration of mechanical ventilation without
reducing survival. Understanding potential trajectories
in morbidity and mortality is crucial to guiding long-
term investments and policy implementation.
Strategies to provide timely access to the operating

room should be considered in order to reduce
mortality rate. This analysis was recorded in an
exhaustive nationwide distinctive database during a
10-year period in the United States, 2005-2014. The
large patient population enabled us to estimate the
mortality associated with empyema, and to identify
multiple adjusted predictors of in-hospital death. 

Fistula
Our results showed that in patients with fistula, the

rate of surgical procedure, invasive diagnostic
procedures, mortality and HLOS are significantly
higher than in those with no fistula, indicating patients
in higher risk. Treatment of empyema associated with
bronchopleural fistula (BPF) remains a challenge to
thoracic surgeons. It is crucial to have a prompt and
complete seal of BPF for a successful closure of a
persistent empyema cavity. The fistula, a potentially
fatal direct communication between the bronchus and
pleural cavity, is associated with significant morbidity
such as tension pneumothorax, aspiration, and
respiratory failure and mortality. Previous studies
showed that BPF-related mortality ranges from 18 to
71% in the literature. Age (>60), gender (male), and
induction chemotherapy have been cited as the risk
factors for postpneumonectomy BPF. Bronchopleural
fistula may need prolonged HLOS for a close follow-
up, complex surgical procedures, and management of
the life-threatening conditions like sepsis, tension

Table 6. Backward logistic regression analysis to evaluate the associations between mortality and different factors in
emergency admitted patients with the primary diagnosis of empyema and not undergoing an operation. Mortality was the
dependent variable. NIS 2005-2014.
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pneumothorax, and respiratory failure. Systemic
factors included the patient’s nutritional status,
diabetes mellitus, steroid use, presence of sepsis, and
preoperative chemotherapy. Most fistulas with a viable
bronchial stump can be managed endoscopically,
using mechanical abrasion, polidocanol sclerosing
agent, and cyanoacrylate glue. Pedicled muscle flap
transfer combined with endoscopic therapies for
bronchopleural fistula with empyema, is a feasible and
efficient surgical for treatment.

HLOS
Sziklavari et al., have shown that for debilitated

patients, immediate minimally invasive technique and
instillation, intrathoracic vacuum therapy is a safe and
viable alternative to open window thoracostomy. It
has been shown to have the fastest clearance and
healing rates of empyema as well as shortened HLOS.
However, initial treatment with intrapleural
fibrinolytic therapy or surgical procedures did not
result in shorter HLOS. Bailey et al., showed that the
shorter preoperative HLOS for video-assisted
thoracoscopic surgery can be achieved by earlier
intervention using less invasive surgical procedures.
Li et al., added that primary decortication within the
first 2 days of hospitalization, may also contribute to a
decrease in-hospital length of stay.

Conclusions
Age and modified frailty index were the common

risk factors of mortality in all patients with the
primary diagnosis of empyema, regardless of surgical
status. Furthermore, delay in operation and the
presence of a fistula were significantly associated with
in-hospital mortality in adult and elderly patients that
underwent emergency surgery. In those elderly
patients that did not undergo an emergency surgery
and were diagnosed with an empyema, having an
associated fistula was correlated with higher mortality.
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