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Abstract

Objective: To determine the prevalence of nosocomial pneumonia in autopsies at a public university hospital;
to identify the risk factors for nosocomial pneumonia and the potential prognostic factors associated with fatal
nosocomial pneumonia and with fatal aspiration pneumonia; and to determine whether anatomopathological
findings correlate with nosocomial pneumonia or aspiration pneumonia. Methods: A retrospective study involving
199 autopsied patients, older than 1 year of age, who had been admitted to the Sdo Paulo State University
Botucatu School of Medicine Hospital das Clinicas and died of nosocomial pneumonia (underlying or contributing
cause), between 1999 and 2006. Demographic, clinical and anatomopathological variables were tested regarding
their association with the outcomes (fatal nosocomial pneumonia and fatal aspiration pneumonia). The significant
variables were analyzed using multivariate analysis. Results: The mean age was 59 £ 19 years. The prevalence
of nosocomial pneumonia in autopsies was 29%, and the disease was the cause of death in 22.6% of the
autopsied patients. Fatal nosocomial pneumonia correlated with the following anatomopathological findings:
tobacco-associated structural lesions (OR = 3.23; 95% Cl: 1.26-2.95; p = 0.02) and bilateral pneumonia (OR = 3.23;
950% Cl: 1.26-8.30; p = 0.01). None of the variables were found to be significantly associated with fatal aspiration
pneumonia. Conclusions: In our sample, there was a high prevalence of nosocomial pneumonia, which was
responsible for almost 25% of all of the deaths. Smoking-related structural lesions and bilateral pneumonia all
favored mortality. These findings corroborate the results of various clinical studies on nosocomial pneumonia.
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Resumo

Objetivo: Determinar a prevaléncia de pneumonia nosocomial nas autdpsias em um hospital publico universi-
tario; identificar os fatores de risco relacionados @ pneumonia nosocomial e os potenciais fatores prognosticos
relacionados a ocorréncia de pneumonia nosocomial fatal; e correlacionar os achados anatomopatoldgicos com a
ocorréncia de pneumonia nosocomial e/ou pneumonia aspirativa. Métodos: Estudo retrospectivo de 199 pacientes
autopsiados, maiores de 1 ano de idade, internados no Hospital das Clinicas da Faculdade de Medicina de
Botucatu da Universidade Estadual Paulista entre 1999 e 2006, cuja causa de morte (causa bésica ou associada)
foi pneumonia nosocomial. Testou-se a associacdo dos dados demograficos, clinicos e anatomopatoldgicos com
os desfechos pneumonia nosocomial fatal e pneumonia aspirativa fatal. As varidveis significativas entraram na
analise multivariada. Resultados: A idade média foi de 59 £ 19 anos. A prevaléncia de pneumonia nosocomial
em autopsias foi 29%, e essa foi a causa mortis de 22,6% dos pacientes autopsiados. A pneumonia nosocomial
fatal correlacionou-se com os achados anatomopatoldgicos de alteracdes estruturais tabagicas (OR = 3,23; 1C95%:
1,26-2,95; p = 0,02) e acometimento pulmonar bilateral (OR = 3,23;1C95%: 1,26-8,30; p = 0,01). Nio houve asso-
ciacoes significativas entre as varidveis e pneumonia aspirativa fatal. Conclusées: Em nossa amostra, a pneumonia
nosocomial teve prevaléncia elevada e foi responsavel por quase 25% das mortes. A mortalidade ¢ favorecida por
alteragGes estruturais tabagicas e pneumonia bilateral. Esses achados corroboram os resultados de diversos estudos
clinicos sobre pneumonia nosocomial.

Descritores: Autopsia; Fatores de risco; Progndstico; Pneumonia aspirativa; Pneumonia/mortalidade.
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Introduction

Nosocomial pneumonia (NP) is defined as
the development of pneumonia, which was not
incubating at the time of hospital admission, at
least 48 h after the patient has been admitted to
hospital. 1t is currently the most common noso-
comial infection, accounting for 13-18% of all
such infections in Brazil, as well as for the highest
morbidity and mortality rates, the latter being
as high as 60%."? In 1CUs, the mortality rate
among patients with NP is approximately 500,
whereas that among patients without pulmo-
nary infection is drastically lower (3.5%).”

According to the National Nosocomial
Infection Surveillance System of the United States,
the principal risk factors for the development of
NP are as follows: endotracheal intubation or
mechanical ventilation; a drop in the level of
consciousness; COPD; age > 70 years; and aspi-
ration of microorganisms from the oropharynx,
the principal entry point for bacteria to reach
the lower respiratory tract.”

In contrast, the contributing causes of
aspiration, the most relevant consequence of
which is aspiration pneumonia (AP), followed
by the supine position, abnormalities in swal-
lowing mechanisms leading to dysphagia, a
drop in the level of consciousness, enteral nutri-
tion, instrumentation of the respiratory tract
and instrumentation of the gastrointestinal
tract.® Therefore, it is believed that aspiration
is the leading cause of 1CU-acquired NP.>9

Although pneumonia is the principal infec-
tious disease found in autopsies,” there have
been no autopsy studies determining whether
anatomopathological findings correlate with NP.
Aspiration, which is histologically documented
by the presence of vegetal cells or muscle fibers
within the pulmonary alveoli with neutrophilic
inflammatory infiltrate, deserves special atten-
tion due to its key role in causing NP. The
objectives of the present study were as follows:
1) to determine the prevalence of NP in autop-
sies at a public teaching hospital; 2) to identify
the risk factors for NP and the potential prog-
nostic factors associated with fatal NP; and 3) to
determine whether anatomopathological find-
ings correlate with NP or AP.

Methods

Thiswas aretrospective cohort studyinvolving
autopsied patients, older than 1 year of age, who
had been admitted to the Universidade Estadual
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Paulista (UNESP, Sido Paulo State University)
Botucatu School of Medicine Hospital das
Clinicas and died of NP (underlying or contrib-
uting cause), between January of 1999 and
December of 2006.

The autopsy studies were performed jointly
by professors and residents of the Department
of Pathology, following a well-established,
traditional routine, consisting of sequential and
systematic procedures, by means of which the
topography and alterations of the organs are
analyzed in locus, followed by dissection and
detailed analysis of the organs.

The study was based on the autopsy reports,
in which pneumonia was macroscopically or
microscopically documented. The patient charts
were reviewed, and those indicating a diag-
nosis of NP were selected. From the charts and
the autopsy reports, the following data were
extracted:

® Demographic data:

ethnicity

® (Clinical data: hospital ward of origin and

associated diseases

® Anatomopathological data: location of the

pneumonia and diagnosis of the remaining
alterations observed

The cases of NP were subdivided into fatal,
when NP was the principal cause of death (i.e.,
when no other cause of death was found), and
nonfatal, when the immediate cause of death
was another disease. The cases in which there
was evidence of aspiration (presence of vegetal
cells or muscle fibers within the pulmonary alveoli
with neutrophilic inflammatory infiltrate) were
designated aspiration NP (ANP) and were also
subdivided into fatal and nonfatal, according to
the criteria cited above.

Due to the great quantity of clinical data
collected, the most common data were selected,
and some data were grouped by the systems
affected, becoming the following clinical
variables:

® Diabetes mellitus

e Diseases of the circulatory system (systemic

arterial hypertension, congestive heart
failure, acute myocardial infarction and
stroke)

e Respiratory diseases (COPD and interstitial

lung disease)

® Alcoholism

® Renal failure

gender, age and
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® Neoplasia
® Smoking
® Tracheostomy
® Use of a nasogastric tube
e Use of antacids or proton pump inhibitors
® Mechanical ventilation
Similarly, the anatomopathological findings
that had a frequency > 5 in each of the systems
studied were selected and grouped as follows:
® Lesions caused by orotracheal intubation:
acute erosive tracheitis; erosive laryngitis;
tracheal edema; ulcerations of the trachea;
ulcerations of the larynx; contact ulcers of
the larynx; ulcers of the trachea; and ulcers
of the larynx, all of which were consi-
dered part of this group when the patient
reported orotracheal intubation
® Signs suggestive of pulmonary throm-
boembolism: pulmonary embolism or
pulmonary artery embolism; pulmonary
microembolism; and pulmonary infarction
® Signs  suggestive of diffuse alveolar
damage: diffuse alveolar damage, ARDS;
and interstitial damage
® Smoking-related structural lesions: emphy-
sema; chronic bronchitis; bronchiectasis;
and anthracosis (when the patient had a
history of smoking)
® Bronchial disease: presence of a secretion
plug; increased local secretion; architec-
tural distortion; and bronchiectasis when
the patient had no history of smoking
 Signs of previous tuberculosis: scars, cavi-
tations and pulmonary fibrosis in patients
with a history of tuberculosis
e Signs of inflammation of the digestive
tract: esophagitis; gastritis; duodenitis;
peptic ulcer; ileitis; and colitis
® Changes in the central nervous system:
cortical atrophy; stroke (ischemic or
hemorrhagic); diffuse cerebral softening;
cortical depression; and tumors
At the end of data collection, the initial
sample comprised 230 cases. Of those, we
excluded 31 cases: 8 cases of active tuberculosis/
tuberculous pneumonia and 23 cases of patients
younger than 1 year of age. Therefore, the final
sample comprised 199 cases, which were divided
into two groups for statistical analysis: group
of cases presenting nonaspiration NP (nANP;
n = 169) and group of cases presenting ANP

(n = 30). Each of these groups was subsequently
subdivided into fatal and nonfatal cases.

The study design was approved by the
Research Ethics Committee of the UNESP
Botucatu School of Medicine.

The data obtained were initially described
in terms of discrete or continuous quantitative
variables and transcribed into an instrument
developed to store them.

The mean ages of the groups were compared
by means of the Student’s t-test. To perform
a preliminary exploratory analysis, the vari-
ables were transformed into binary variables.
Subsequently, the association of the variables
with the outcomes fatal nANP and fatal ANP
was tested by the chi-square test (OR), applied
to each variable separately. Only the variables
that had a significant effect on the outcomes
(p < 0.05) were maintained. The multivariate
analysis with logistic regression was performed
by introducing each variable in the model in
decreasing order, one by one. In the final model,
only the variables that were statistically related
to the outcomes were maintained. The set of
steps described above allowed the analysis of
confounding and interacting variables.

To calculate the comorbidities/patient ratio,
all of the comorbidities of the patients were
summed and divided by the number of patients
in the group.

Results

During the period under study, there were
6,016 deaths, 765 of which (12.7%) were
submitted to autopsy. The prevalence of NP in
autopsies was 299%.

The frequencies of the demographic and
clinical variables studied are shown in Table 1.
Among the 199 cases studied, the mean age was
59 + 19 years; the mean length of hospital stay
was 15 + 22 days; the mean length of use of a
nasogastric feeding tube was 7 = 13 days; the
mean length of stay on mechanical ventilation
was 6 + 12 days.

Table 2 shows the frequencies of the prin-
cipal autopsy findings. Fatal nANP was found
in 26 (13.1%) of the cases, and fatal ANP was
found in 19 (9.5%) of the cases.

The mean numbers of comorbidities per
patient, according to the hospital ward of origin,
were as follows: 3.3 comorbidities/patient in
the clinical ward; 3.5 comorbidities/patient
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Table 1 - Frequencies of the demographic and clinical variables studied.

Martinelli LMB, Villas Boas PJF, Queluz TT, Yoo HHB

Variable n %
Gender, M/F 127]72 64.0/36.0
Ethnicity, W/Af/MU/As 159/14/24/2 80.0/7.0/12.0/1.0
Age > 60 years 14 57.0
Clinical ward/surgical ward/1CU 134/20/36 67.0/10.0/18.0
Mechanical ventilation 125 63.0
Diseases of the circulatory system 124 62.0
Use of a nasogastric tube 116 58.0
Smoking 83 41.0
Alcoholism 58 29.0
Renal failure 56 28.0
Use of antacids/H2 blockers 54 27.0
Neoplasia 49 24.5
Respiratory diseases 33 16.5
Diabetes mellitus 33 16.5
Tracheostomy 29 14.5
Postoperative period 27 13.5

W: White; Af: African; MU: Mulatto or undetermined; As: Asian; and H2 blockers: proton pump inhibitors.

in the surgical ward; and 3.3 comorbidities/
patient in the 1CU. There were few differences
between the mean quantity of comorbidities/
patient when the hospital ward of origin was
related to groups nANP and ANP. The following
values were observed, respectively: clinical ward,
3.3 and 3.1 comorbidities/patient; surgical
ward, 3.5 and 3.5 comorbidities/patient;
and 1CU, 3.2 and 3.5 comorbidities/patient.
Patients with nANP who were over the age of
60 presented, on average, 11.3 comorbidities/
patient; patients with nANP who were under the
age of 60 presented, on average, 3.5 comorbidi-
ties/patient; patients with ANP who were over
the age of 60 presented, on average, 3.9 comor-
bidities/patient; and patients with ANP who
were under the age of 60 presented, on average,
2.5 comorbidities/patient.

Table 4 presents the results for the variables
after multivariate analysis to test the degree of
association with fatal nANP.

Discussion

The present study was carried out at the
Botucatu School of Medicine Hospital das
Clinicas, the largest public institution of the
Unified Health Care System in the central-west
region of the state of Sdo Paulo. 1t is a tertiary
teaching hospital and a referral hospital that
treats a large number of patients with severe
diseases, patients with chronic diseases and

Table 2 - Frequencies of the principal alterations
found in the autopsies of patients with nosocomial
pneumonia.

- . Alteration n o %

Table 3 shows the principal risk factors and - o :
tholodical findi i th topsi that Bilateral pneumonia 94 47.0
pa OOQIC? m ].ngs m the autopsies tha Bronchial disease 92 46.0
were associated with the outcomes fatal nANP Changes in the central nervous system 91 457

and fatal ANP. The statistical analysis using

Lesions caused by orotracheal intubation 84 42.0
univariate regression showed that the variables Signs of inflammation of the digestive tract 73 36.5
“smoking-related structural lesions™ and “bilat-  Smoking-related structural lesions 44 22.0
eral pneumonia” correlated with fatal nANP,  Signs suggestive of pulmonary 42 21.0
whereas the variable “hospitalization in clinical ~ thromboembolism
ward” correlated with fatal ANP. The variable  Signs suggestive of diffuse alveolar damage 42 21.0
“ethnicity” was not significantly associated with ~ Pneumonia in the right lung 30 150
any of the outcomes (p = 0.96 and p = 0.24 for Signs of previous tuberculosis 19 95

Pneumonia in the left lung 15 7.5

nANP and ANP, respectively).
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Table 3 - Analysis of the prognostic factors and autopsy findings related to fatal nonaspiration nosocomial

pneumonia and fatal aspiration nosocomial pneumonia.*

Variable

Fatal nonaspiration

Fatal aspiration nosocomial

nosocomial pneumonia pneumonia
n OR  950% CI p n OR 950 CI p
Gender, male/female 108/61 1.12 0.47-2.66 0.47 19/11 1.93 0.38-9.69 0.34
Age > 60 years 92 171 0.71-409 0.15 22 1.05 0.19-5.60 0.63
Clinical ward 113 1.41 0.55-3.59 0.31 21 6.4  1.15-354 0.03
Surgical ward 18 1.11 0.29-4.15 0.54 2 0.81  0.61-1.08 0.12
1CU 29 0.85 0.27-2.70 0.52 7 0.32  0.58-1.87 0.20
Diseases of the circulatory system 107 0.91 0.38-2.16 0.50 17 1.14  0.25-5.11  0.57
Mechanical ventilation 104 1.00 0.42-2.36 0.58 21 3.12  0.61-15.7 0.16
Use of a nasogastric feeding tube 97  1.01 0.43-2.36 0.57 19 1.80 0.39-8.34 0.35
Smoking 70  0.86 0.36-2.03 0.45 13 0.48 0.10-2.19 0.28
Alcoholism 53 0.96 0.39-2.39 0.57 5 0.84 0.11-6.03 0.61
Use of antacids/H2 blockers 50 0.85 0.33-2.18 0.47 4 0.52 0.06-4.41 0.47
Renal failure 48  0.72 0.27-1.92 0.34 8 583 0.61-55.7 0.10
Neoplasia 42 2.16 0.89-5.24 0.07 7 0.71  0.12-3.99 0.51
Respiratory diseases 29  1.18 0.40-3.44 0.47 4 052 0.06-4.41 0.47
Diabetes mellitus 29 1.18 0.40-3.44 0.47 4 052 0.64-4.41 0.47
Tracheostomy 23 1.18 0.36-3.82 0.48 6 050 0.08-3.06 0.38
Postoperative period 18 0.66 0.14-3.06 0.45 9 1.23  0.23-6.35 0.57
Bilateral pneumonia 80 239 1.00-5.74 0.03 14 0.60 0.13-2.70 0.39
Bronchial disease 78 1.44 0.62-3.31 0.26 14 194 0.42-891 0.31
Changes in the CNS 74 1.64 0.69-3.73 0.18 17 114  0.25-5.11  0.57
Lesions caused by orotracheal intubation 68 091 0.38-2.16 0.51 16 1.65 0.37-7.36 0.39
Signs of inflammation of the digestive tract 61 1.64 0.70-3.82 0.17 12 5.00 0.84-29.56 0.06
Signs suggestive of PTE 39  1.27 0.49-3.31 0.38 3 1.18 0.97-1.44 0.23
Smoking-related structural lesions 38 2.56 1.05-6.26 0.03 6 050 0.08-3.06 0.38
Signs suggestive of diffuse alveolar damage 35 0.89 0.31-2.57 0.53 7 071 0.12-3.99 0.51
Signs of previous tuberculosis 15 0.89 0.84-0.94 0.07 4 1.87 0.17-20.60 0.53
Pneumonia in the left lung 14 091 0.19-4.32 0.63 1 1.05 0.94-1.17 0.63

H2 blockers: proton pump inhibitor; CNS: central nervous system; and PTE:

pulmonary thromboembolism. *Analysis by
univariate regression; p < 0.05; correlation with fatal nonaspiration nosocomial pneumonia and fatal aspiration nosoco-

mial pneumonia.

patients with clinical conditions related to the
various fields of medicine.

The objective of the present study was to
contribute to a more accurate identification and
better understanding of the risk factors for and
prognostic factors of NP (a disease of high inci-
dence, morbidity and mortality) by studying a
series of 199 autopsies in which the cause of
death (underlying or contributing cause) was
listed as NP.

Our results show that the prevalence of NP
in autopsies was 29%, and that nANP and ANP
were, respectively, the principal causes of death
in 13.1% and 9.5% of the 199 cases in the study
sample. This is a high mortality rate, as previ-
ously reported in the literature, which justifies

the need for a better understanding of the risk
factors for NP and of their mechanisms, as well
as the adoption of strong measures to prevent
NP. Data from two other studies on the preva-
lence of pneumonia in autopsies were similar to
those of the present study, ranging from 21.8%
to 29.5%.>'9 In the elderly, infectious pneu-
monitis was found in 40.6% of the autopsied
cases,!" and, in a study on ventilator-associated
pneumonia,'? it was reported that NP (identified
in autopsies) accounted for 60% of the deaths
due to nosocomial infections.

The present study had the objective of filling
a gap in the literature, since there have been few
autopsy studies of pneumonia, and none of them
specifically on the topic of NP. We observed that

J Bras Pneumol. 2010;36(1):51-58
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Table 4 - Results of the adjustment of the logistic
regression model for the variables associated with
fatal nonaspiration nosocomial pneumonia.*

Variable n OR 95%Cl p
Bilateral pneumonia 38 2.95 1.17-2.95 0.02
Smoking-related 80 3.23 1.26-8.30 0.01

structural lesions

*Analysis by multivariate regression; p < 0.05; correlation
with fatal nonaspiration nosocomial pneumonia.

smoking-related structural lesions and bilateral
pneumonia favored the development of fatal
nANP, whereas no relevant association between
these variables and fatal ANP was observed. We
attribute this fact to the small number of ANP
cases (only 30) in our sample.

The association between age and mortality,
that is, advanced age as a predictor of high
mortality, has been well-established for pneu-
monia in general.'>'” Elderly people present
alterations in the defense mechanisms of the
respiratory system, with a decrease in mucociliary
clearance and in other mechanical barriers, as
well as the aging of the immune system and the
presence of comorbidities, which facilitate infec-
tion with the various microorganisms that cause
the disease."” There is evidence that being over
65 years of age—presenting or not presenting
with the comorbidities that are characteristic of
this age bracket!"®'”—is a risk factor for a worse
prognosis in NP. In the present study, the mean
number of comorbidities/patient in the cases of
patients over 60 years of age was 11.3, much
higher than the 3.5 observed for patients under
60 years of age, suggesting that the number of
comorbidities influences the mortality rate.

Smoking-related structural lesions impair
the local defenses of the lung and increase
the chances of colonization by Pseudomonas
aeruginosa and other gram-negative bacilli,('®19
thereby increasing the risk of pneumonia with
an unfavorable prognosis for individuals with
smoking-related sequelae.'®'”) In the present
study, clinical data related to smoking or respi-
ratory diseases were not found to be associated
with the fatal outcomes studied. However, we
must underscore that not every smoker develops
structural lesions in the respiratory system, since
this process also depends on genetic influences
of the individual,'® and that smoking-related
structural lesions are not limited to COPD and
interstitial lung disease. Another strong bias that
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might have influenced our findings is the possi-
bility that cases of chronic bronchitis/emphysema
and other chronic respiratory diseases had not
been clinically diagnosed and were only identi-
fied during the autopsy. Therefore, only the cases
that presented smoking-related structural lesions
at autopsy were at increased risk for developing
fatal NP, a finding that corroborates the results
obtained by another group of authors,*® who
investigated the association between pulmonary
structural diseases and the increase in morbidity
and mortality in nosocomial bronchopulmonary
infections.

The extent of pulmonary involvement
influences the survival of patients with pneu-
monia, since bilateral and/or multilobar
pneumonia increases the risk for mortality in
these patients,'®'>'¥ a fact that was corrobo-
rated by our finding that bilateral NP was
associated with death. One group of authors,!"”
who studied the risk factors for and prognosis of
NP, reported that bilateral pneumonia seen on
chest X-rays was as an independent risk factor
for unfavorable prognosis. In cases of commu-
nity-acquired pneumonia, multilobar infiltrate
seems to be related to early failure of the treat-
ment for pneumonia, characterizing more severe
cases of the disease.?"

In our study, contrary to what was expected,
we found no association between ANP and the
location of the pneumonia, probably due to the
small number of ANP cases. However, hospitali-
zation in a clinical ward, which was associated
with fatal ANP in the univariate analysis, was
considered a study bias because of the large
number of patients who were originally hospi-
talized in such wards.

The results of the present study show no
association between the outcomes fatal nANP
or fatal ANP and other well-known risk factors
for NP, such as cardiovascular disease; respira-
tory disease; previous antibiotic therapy; use
of antacids or proton pump inhibitors; use of
a nasogastric tube, tracheal cannula or trache-
ostomy; mechanical ventilation; neurological
disease; severity of the underlying disease; and
previous surgery, especially thoracic or upper
abdominal surgery.?? However, the frequency of
these conditions, especially mechanical ventila-
tion, diseases of the circulatory system and the
use of a nasogastric feeding tube, was signifi-
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cant, which underscores the importance of these
factors for the development of NP.

Despite the recognized efficacy of autopsy
as a tool for medical education and as a method
for the evaluation of diagnostic accuracy in
general,® the reduction in autopsy rates is
a phenomenon observed worldwide,®-":23-2°)
possibly due to the interaction of a number of
factors, such as the development of sensitive
diagnostic methods, which reduce the need for
autopsy to investigate the cause of death; the
aging of the population, which makes death
be interpreted as a natural part of the process;
a lack of interest on the part of the team of
professionals, who question the validity of the
procedure; the fear of assigning blame to the
physician in charge; and the idea that autopsy
findings can set a precedent for filing a medical
malpractice lawsuit.*'"?* Consequently, autopsy
studies have become scarce in the literature, and
the potential of autopsies for diagnosis, medical
education and evaluation of the quality of diag-
nosis has been minimized.®

Although our hospital had a relatively
low autopsy rate in the past decade (12.7%),
there was no seasonal influence and we were
able to collect the demographic, clinical and
anatomopathological variables of a series of
199 patients whose cause of death (underlying
or contributing) was NP. However, our study had
some potential limitations. The first is the possi-
bility that the cases submitted to autopsy were
selected due to the uncertainty of the clinical
diagnosis, to the severity of the disease or even
to the interest of the medical team, although
we believe that these factors were diluted in
the sample of 199 cases and that the sample
had a normal distribution. The second potential
limitation is the lack of systematization of the
vast amount of information in patient charts.
We tried to reduce this limitation by having the
same researchers collect all of the data.

In summary, the results of the present study
show that the prevalence of NP in autopsies is
high (29%) and that NP accounts for a consid-
erable percentage of deaths among the patients
submitted to autopsy (WANP = 13.1% and
ANP = 9.500). Smoking-related structural lesions
and bilateral pneumonia favor the development
of fatal nANP. Our findings corroborate the
results of a number of clinical studies on NP.
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