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Abstract:
Introduction: This study aims to investigate the association between bacterial pneumonia and acute kidney injury
(AKI), which develops during hospitalizations for an acute exacerbation of chronic obstructive pulmonary disease
(AECOPD), and their impact on patient outcomes.

Methods: We performed a retrospective observational study on the United States National Inpatient Sample (USNIS)
from 2016 to 2022, using ICD-10 codes to identify patients admitted to hospitals with an AECOPD who developed
bacterial  pneumonia  and/or  AKI  during  their  hospital  stay.  We  compared  the  clinical  outcomes,  including
endotracheal intubation, in-hospital length of stay, and all-cause hospital mortality among four groups of patients:
AECOPD, AECOPD with bacterial pneumonia and no AKI (PAECOPD), AECOPD with AKI and no bacterial pneumonia
(KAECOPD),  AECOPD with  both  bacterial  pneumonia  and  AKI  (PKAECOPD).  We  investigated  the  microorganism
distribution  of  bacterial  pneumonia  and  mortality  by  pathogen.  We  also  used  multivariate  logistic  and  linear
regression to investigate the correlation between outcomes and variables, including age, gender, race, hospital bed
size, hospital location, bacterial pneumonia, AKI, and Charlson’s comorbidity index.

Results: There were 2,548,188 weighted admissions, including 2,247,833 cases of AECOPD (88.21%); 34,930 cases
of PAECOPD (1.37%); 258,360 cases of KAECOPD (10.14%); and 7,065 cases of PKAECOPD (0.28%). The average age
of patients who died in hospitals was 6 years older than that of survivors (73.19 vs 67.70 years, p<0.01). Patients
requiring endotracheal intubation were, on average, a year younger than those who did not (66.61 vs 67.77 years,
p<0.01).  White  patients  had  poorer  survival  than  Black,  Hispanic,  and  other  races.  Females  had  lower  hospital
mortality than males by odds ratio (OR) 0.91 (p=0.004). AECOPD patients with bacterial pneumonia had a higher AKI
rate than those without bacterial pneumonia (16.82% vs 10.31%, p<0.01). The PKAECOPD group had the poorest
outcomes  compared  with  the  other  groups,  including  higher  endotracheal  intubation  incidence  (27.18%),  longer
hospital stay (12.89 days), and higher all-cause hospital mortality (13.39%). Factors leading to increased all-cause
hospital mortality included endotracheal intubation (OR 32.75, p<0.01), AKI (OR 2.33, p<0.01), bacterial pneumonia
(OR 1.71, p<0.01), Charlson’s comorbidity index (OR 1.10, p<0.01), and older age (OR 1.05, p<0.01). Factors leading
to increased hospital stay by at least a day included endotracheal intubation (6.13 days, p<0.01), bacterial pneumonia
(3.03  days,  p<0.01),  and  AKI  (1.12  days,  p<0.01).  The  most  commonly  identified  pathogens  causing  bacterial
pneumonia  included  other  gram-negative  bacilli  (12.47%),  Pseudomonas  aeruginosa  (11.54%),  Streptococcus
pneumoniae (7.22%), Methicillin-resistant Staphylococcus aureus (MRSA) (7.00%), Mycoplasma pneumoniae (4.70%),
and Hemophilus influenzae (4.63%). In approximately forty percent of cases, no specific pathogen was identified.
Mortality was highest for patients with “other bacteria” (23.43%), MRSA (22.86%), and Pseudomonas aeruginosa
(20%).

Discussion:  Patients  admitted  with  an  AECOPD  had  a  high  incidence  of  AKI  during  hospital  admission,
approximately 10%. Patients with an AECOPD who developed bacterial pneumonia represented a small proportion of
admissions (1.65%) but had a higher risk of AKI (16.82%). These patients were likely to be infected with pathogens
including Pseudomonas aeruginosa, other gram-negative bacteria, and MRSA. Patients with both AKI and bacterial
pneumonia had the highest all-cause hospital mortality.
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Conclusion: Our study found that hospitalized AECOPD patients with bacterial pneumonia had a higher rate of AKI
than those without bacterial pneumonia, and the population of AECOPD patients with both bacterial pneumonia and
AKI  had  markedly  higher  all-cause  hospital  mortality,  longer  hospital  stays,  and  greater  need  for  endotracheal
intubation.  Therefore,  minimizing  the  association  between  bacterial  pneumonia  and  AKI  may  help  improve  the
prognosis of patients admitted with an AECOPD.
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1. INTRODUCTION
COPD is the sixth leading cause of death in the United

States in 2020 [1]. It is characterized by abnormalities of
the lower airways (bronchitis, bronchiolitis) and/or alveoli
(emphysema),  which  cause  persistent  and  often
progressive  airflow  obstruction  [2].  Patients  with  COPD
present  with  chronic  respiratory  symptoms,  including
dyspnea and productive cough with sputum, which limits
their activity [2]. Acute exacerbation of COPD is an event
characterized  by  an  acute  increase  in  dyspnea,  cough,
and/or sputum production over 14 days or fewer. It may be
accompanied by tachypnea and/or tachycardia and is often
associated with increased local and systemic inflammation
caused  by  infection,  pollution,  or  other  insults  to  the
airways  [3].

Bacterial pneumonia and acute kidney injury (AKI) are
common  in  AECOPD  patients  [4-8].  They  are  associated
with worse clinical outcomes including mortality, hospital
length  of  stay  (LOS),  mechanical  ventilation,  ICU
admission,  and  hospital  readmission  [4-20].  However,  to
our  knowledge,  the  association  of  these  two  clinical
conditions  and  the  impact  of  this  association  on  the
outcomes of the AECOPD population are not well studied.
In  addition,  most  prior  studies  did  not  specify  whether
they included bacterial or viral pneumonia, and even fewer
investigated  the  bacterial  distribution  of  pneumonia  in
AECOPD patients. Therefore, we performed this study on
the United States National Inpatient Sample to investigate
the  association  of  bacterial  pneumonia  and  AKI  that
developed during hospitalization for an AECOPD. We also
studied the outcomes of AECOPD patients who developed
bacterial  pneumonia  and/or  AKI,  including  endotracheal
intubation  requirements,  hospital  LOS,  and  all-cause
hospital mortality. Furthermore, we aimed to provide the
distribution of pathogens in bacterial pneumonia and the
mortality rate by pathogen in patients with an AECOPD.

2. MATERIALS AND METHODS

2.1. Materials
The USNIS is  the  largest  publicly  available  inpatient

database  covering  more  than  97%  of  the  United  States
population.  It  is  developed  for  the  Healthcare  Cost  and
Utilization Project under the sponsorship of the Agency for
Healthcare Research and Quality. It contains a stratified
sample,  which is equivalent to 7 million (unweighted) or
35  million  (weighted)  hospital  admissions  per  year  from
community  hospitals  in  47  states  and  the  District  of
Columbia. The database excludes rehabilitation and long-
term  care  facilities.  The  USNIS  protects  patient
confidentiality because it does not provide personal, state,
or  hospital  identification.  Since  2016,  USNIS  has  coded
diagnoses  and  procedures  by  the  International
Classification  of  Diseases,  Tenth  Revision,  Clinical
Modification/Procedure Coding System (ICD-10-CM/PCS)
[21].

2.2. Methods
We  performed  a  retrospective  cohort  study  on  the

USNIS for 7 years from January 01, 2016, to December 31,
2022  (Fig.  1).  The  ICD-10  code  was  used  to  identify
patients (Table 1). Participants were at least 18 years old
at  the  time  of  admission  with  a  principal  diagnosis  of
AECOPD. We excluded patients with a principal diagnosis
of  COPD  with  acute  lower  respiratory  infection,  as  this
group of patients might have pneumonia, acute bronchitis,
acute  bronchiolitis,  or  influenza  at  the  time  of  hospital
admission.  We  then  identified  AECOPD  patients  with  a
secondary  diagnosis  of  bacterial  pneumonia  and/or  AKI.
Patients were categorized into four groups: AECOPD with
no bacterial  pneumonia and no AKI (AECOPD),  AECOPD
with  bacterial  pneumonia  and  no  AKI  (PAECOPD),
AECOPD  with  AKI  and  no  bacterial  pneumonia
(KAECOPD), AECOPD with both bacterial pneumonia and
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AKI  (PKAECOPD).  We  compared  primary  outcomes,
including need for endotracheal intubation, hospital length
of stay, and all-cause hospital mortality between the four
groups.  Bacterial  pathogens and mortality  rates  by each
pathogen  were  identified.  Other  identified  diagnoses
included lung cancer, cardiovascular diseases, pulmonary
embolism, and liver cirrhosis. Cardiovascular diseases are
a combination of essential hypertension, congestive heart
failure,  pulmonary  edema,  myocardial  infarction,  acute
coronary  thrombosis,  atrial  fibrillation,  and  ventricular
fibrillation.

Stata  18.5  (StataCorp,  College  Station,  Texas)  was
used  for  statistical  analysis.  Categorical  variables  are
presented  as  weighted  numbers  with  percentages,  and

qualitative  variables  are  presented  as  mean  values  with
95% confidence intervals (CI). An independent samples t-
test was used to compare mean values, and Pearson’s chi-
square test was used to compare categorical variables. We
investigated the correlation of all-cause hospital mortality
with  bacterial  pneumonia,  AKI,  Charlson’s  comorbidity
index,  gender,  age,  race,  hospital  bed  size,  and  hospital
location  by  multivariate  logistic  regression.  We  also
investigated the correlation of hospital LOS with the above
factors  by  multivariate  linear  regression.  This  study  did
not require informed consent or institutional review board
approval because it is an observational study based on a
codified confidential sample of patients with no hospital or
patient identifiers provided.

Fig. (1). Flow diagram.
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Table  1.  ICD-10  clinical  modification/procedure
coding  system  for  variables.

ICD-10 CM/PCS Code Clinical Condition or Procedure

J 44.1 Acute exacerbation of COPD
J13 Pneumonia due to Streptococcus pneumoniae
J14 Pneumonia due to Hemophilus influenzae

J15.0 Pneumonia due to Klebsiella pneumoniae
J15.1 Pneumonia due to Pseudomonas aeruginosa

J15.211 Pneumonia due to MSSA
J15.212 Pneumonia due to MRSA
J15.3 Pneumonia due to Streptococcus group B
J15.4 Pneumonia due to other Streptococci
J15.5 Pneumonia due to Escherichia coli
J15.6 Pneumonia due to other gram-negative bacteria
J15.7 Pneumonia due to Mycoplasma pneumoniae
J15.8 Pneumonia due to other specified bacteria
J15.9 Pneumonia due to unspecified bacteria
J16.0 Pneumonia due to Chlamydia pneumoniae
C34 Lung cancer

I26, I 26.0, I26.9, I27.82 Pulmonary embolism
N17 Acute kidney injury

K70, K74, K71.7 Liver cirrhosis
(*) Cardiovascular diseases

0BH17EZ Endotracheal intubation
Note:  (*):  Cardiovascular  diseases  include  essential  hypertension  (I10),
congestive heart failure (I50, I110), pulmonary edema (J81, J81.0, J81.1),
myocardial infarction (I21, I22), acute coronary thrombosis (I24.0), atrial
fibrillation (I48), and ventricular fibrillation (I49.0, I49.01, I49.02).

3. RESULTS

3.1. Outcomes by Groups of Patients
Among 3,138,005 weighted hospital admissions with a

principal diagnosis of COPD, we excluded 589,817 cases of
COPD with acute lower respiratory infection and included
2,548,188 cases  of  AECOPD.  Of  these  cases,  there  were
2,247,833 cases of AECOPD with no bacterial pneumonia
and no AKI (AECOPD, 88.21%); 34,930 cases of AECOPD
with bacterial pneumonia and no AKI (PAECOPD, 1.37%);
258,360  cases  of  AECOPD  with  AKI  and  no  bacterial

pneumonia  (KAECOPD,  10.14%);  and  7,065  cases  of
AECOPD  with  both  bacterial  pneumonia  and  AKI
(PKAECOPD,  0.28%)  (Table  2).  Patients  with  bacterial
pneumonia  had  a  higher  rate  of  AKI  than  those  without
bacterial    pneumonia   (16.82%  vs   10.31%,  p<0.01)  
(Table 3). Patients with KAECOPD had the highest mean
age  (71.15  years  old,  95%  CI  71.04-71.25),  followed  by
patients  with  PKAECOPD  (70.39  years  old,  95%  CI
69.82-70.96),  PAECOPD  (68.29  years  old,  95%CI
68.03-68.56),  and  AECOPD  (67.35  years  old,  95%CI
67.29-67.40).  In  all  four  groups,  more  females  were
present. By race, in descending order, were White, Black,
Hispanic,  Asian/Pacific  Islander,  and  Native  American
patients.

Patients  who  died  in  hospital  from  all  causes  were
about 6 years older than survivors (73.19 vs  67.70 years
old, p<0.01). Patients who were intubated were younger
than those who were not intubated (66.61 vs 67.77 years
old,  p<0.01).  Patients  from  PKAECOPD  group  had  the
highest  rate  of  endotracheal  intubation  and  all-cause
hospital mortality rate (27.18% for intubation, 13.39% for
mortality) compared with KAECOPD (5.03% for intubation,
3.09%  for  mortality),  PAECOPD  (7.59%  for  intubation,
2.30% for mortality), and AECOPD (1.33% for intubation,
0.70% for mortality), p<0.01. The mean hospital LOS was
also longest in the PKAECOPD group (12.89 days, 95%CI
12.04-13.74);  followed  by  PAECOPD  (6.71  days,  95%CI
6.54-6.88);  KAECOPD (5.37  days,  95%CI  5.33-5.42);  and
AECOPD (3.85 days, 95%CI 3.83-3.86); p<0.01.

3.2. Outcomes by Bacterial Pathogen in Patients who
Developed Bacterial Pneumonia

Among the  specified  pathogens,  the  six  most  common
microorganisms were other gram-negative bacilli (12.47%),
Pseudomonas  aeruginosa  (11.54%),  Streptococcus
pneumoniae  (7.22%),  MRSA  (7.00%),  Mycoplasma
pneumoniae  (4.70%),  and Hemophilus influenzae  (4.63%).
Among  deaths  in  the  bacterial  pneumonia  group,  the
highest mortality rates were from other bacteria (23.43%),
MRSA  (22.86%),  and  Pseudomonas  aeruginosa  (20%).
Regarding death per pathogens, MRSA and MSSA had the
highest rate of mortality (13.61% and 12.96%, respectively).
Other  bacteria  include  those  species  that  do  not  have  a
specific ICD-10 code (Table 4).

Table 2. Outcomes, comorbidities, and demographics of four groups of patients.

Variables AECOPD PAECOPD KAECOPD PKAECOPD P-value

Admission, 2,247,833 34,930 258,360 7,065
-

N (%) -88.21 -1.37 -10.14 -0.28
Hospital mortality, 15,695 805 7,995 945

< 0.01
N (%) -0.7 -2.3 -3.09 -13.39

Endotracheal intubation, 29,830 2,650 13,005 1,920
< 0.01

N (%) -1.33 -7.59 -5.03 -27.18
Hospital LOS, days 3.85 6.71 5.37 12.89

< 0.01
(95%CI) (3.83-3.86) (6.54-6.88) (5.33-5.42) (12.04-13.74)

Lung cancer, 11,062 242 1,182 45
< 0.01

N (%) -2.46 -3.46 -2.29 -3.18
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Variables AECOPD PAECOPD KAECOPD PKAECOPD P-value

Cardiovascular diseases, 333,655 5,144 40,324 1,153
< 0.01

N (%) -74.22 -73.63 -78.04 -81.6
Pulmonary embolism,

854 (0.19) 12 (0.17) 101 (0.20) 4 (0.28) 0.753
N (%)

Liver cirrhosis,
7,073 (1.57) 112 (1.60) 1,056 (2.04) 24 (1.70) 0.034

N (%)
Females, 1,317,609 19,345 132,750 3,570

< 0.01
N (%) -58.62 -55.38 -51.38 -50.53

Mean age, 67.35 68.29 71.15 70.39
0.005

year (95% CI) (67.29-67.40) (68.03-68.56) (71.04-71.25) (69.82-70.96)
Race, N (%) - - - - -

-White 1,712,849 (76.20) 28,730 (82.25) 180,852 (70.00) 5,235 (74.10) < 0.01
-Black 340,996 (15.17) 3,269 (9.36) 51,853 (20.07) 1,166 (16.50) -

-Hispanic 119,135 (5.30) 1,666 (4.78) 15,734 (6.10) 430 (6.08) -
#NAME? 23,602 (1.05) 445 (1.27) 3,695 (1.43) 92 (1.30) -

-Native American 12,611 (0.56) 221 (0.63) 1,240 (0.47) 9 (0.13) -
-Other 38,640 (1.72) 599 (1.71) 4,986 (1.93) 133 (1.88) -

Table 3. AKI rate and outcome difference between AECOPD without and with bacterial pneumonia.

- AECOPD without Bacterial Pneumonia AECOPD with Bacterial Pneumonia P-value

N (%) 2,506,193 (98.35) 41,995 (1.65) -
AKI, N (%) 258,388 (10.31) 7,064 (16.82) <0.01

Endotracheal intubation, N (%) 42,856 (1.71) 4,569 (10.88) <0.01
Hospital LOS, days (95%CI) 4.00 (3.99-4.01) 7.75 (7.54-7.95) <0.01

Hospital mortality, N (%) 23,690 (0.95) 1,750 (4.17) <0.01

Table 4. Pathogen distribution and mortality rate in the bacterial pneumonia group.

Bacterial Pneumonia Pathogens N (%) Mortality per Pathogens N (%) Mortality per Total Death Toll, %

Streptococcus pneumoniae 3,030 (7.22) 100 (3.30) 5.71
Hemophilus influenzae 1,945 (4.63) 35 (1.80) 2.00
Klebsiella pneumoniae 1,110 (2.64) 90 (8.11) 5.14

Pseudomonas aeruginosa 4,845 (11.54) 350 (7.22) 20.00
MSSA 1,080 (2.57) 140 (12.96) 8.00
MRSA 2,940 (7.00) 400 (13.61) 22.86

Streptococcus group B 80 (0.19) 0 0
Other Streptococci 1,495 (3.56) 20 (1.34) 1.14

Escherichia coli 650 (1.55) 40 (6.15) 2.28
Other gram-negative bacteria 5,235 (12.47) 290 (5.54) 16.57

Mycoplasma pneumoniae 1,975 (4.70) 25 (1.27) 1.43
Chlamydia pneumoniae 50 (0.12) 0 0

Other (*) 19,215 (45.76) 410 (2.13) 23.43
Note: (*): the total of “other specified bacteria” and “unspecified bacteria”.

3.3. Factors Affecting Outcomes
Patients who were intubated had a significantly higher

hospital mortality rate than those who were not intubated:
14.5% vs 0.51% in AECOPD, 13.77% vs 1.36% in PAECOPD,
28.51%  vs  1.75%  in  KAECOPD,  28.65%  vs  7.68%  in
PKAECOPD;  p<0.01.  Factors  significantly  increased  the
mortality  of  hospitalization  for  an  AECOPD,  including
endotracheal intubation (OR 32.75, p<0.01), AKI (OR 2.33,
p<0.01), bacterial pneumonia (OR 1.71, p<0.01), Charlson’s

comorbidity  index  (OR  1.10,  p<0.01),  and  older  age  (OR
1.05, p<0.01). Females had lower mortality than males, OR
0.91 (p=0.004). Black, Hispanic, Asian/Pacific Islander, and
other races had lower mortality compared to White patients
by  OR  0.59  (p<0.01),  068  (p<0.01),  0.73  (p=0.030),  and
0.75  (p=0.019),  respectively.  Compared  with  patients
admitted  to  rural  hospitals,  those  admitted  to  urban  non-
teaching and urban teaching hospitals had lower mortality
by OR 0.87 (p=0.007) and 0.91 (p=0.048) (Tables 5, 6).

(Table 2) contd.....
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Table 5. Impact of factors on overall hospital mortality and length of stay.

Variables
Hospital Mortality Hospital Length of Stay

Odds Ratio P-value Coefficient P-value

Endotracheal intubation - - - -
-No Reference - Reference -
-Yes 32.75 <0.01 6.13 <0.01

Gender - - - -
-Male Reference - Reference -

-Female 0.91 0.004 0.29 <0.01
Age 1.05 <0.01 0.01 <0.01
Race - - - -

-White Reference - Reference -
-Black 0.59 <0.01 -0.14 <0.01

-Hispanic 0.68 <0.01 -0.06 0.01
-Asian/Pacific Islanders 0.73 0.03 -0.18 0.001

-Native Americans 1.22 0.359 -0.17 0.028
-Other 0.75 0.019 0.02 0.594

Hospital bed size - - - -
-Small Reference - Reference -

-Medium 1.02 0.702 0.19 <0.01
-Large 1.07 0.087 0.36 <0.01

Hospital location - - - -
-Rural Reference - Reference -

-Urban non-teaching 0.87 0.007 0.34 <0.01
-Urban teaching 0.91 0.048 0.5 <0.01

Bacterial pneumonia - - - -
-No Reference - Reference -
-Yes 1.71 <0.01 3.03 <0.01
AKI - - - -
-No Reference - Reference -
-Yes 2.33 <0.01 1.12 <0.01

Charlson’s comorbidity index 1.1 <0.01 0.13 <0.01

Table 6. Hospital mortality between groups with and without endotracheal intubation.

- Endotracheal Intubation No Endotracheal Intubation P-value

AECOPD, N (%) 4,325 (14.50) 11,312 (0.51) <0.01
PAECOPD, N (%) 365 (13.77) 439 (1.36) <0.01
KAECOPD, N (%) 3,708 (28.51) 4,294 (1.75) <0.01

PKAECOPD, N (%) 550 (28.65) 395 (7.68) <0.01

Factors significantly increased hospital LOS by at least
one  more  day,  including  endotracheal  intubation  (6.13
days,  p<0.01),  bacterial  pneumonia (3.03 days,  p<0.01),
and AKI (1.12 days, p<0.01). Black, Hispanic, Asian/Pacific
Islander,  and  Native  American  patients  had  shorter
hospital  LOS than White patients by 0.14 (p<0.01),  0.06
(p=0.010),  0.18  (p=0.001),  and  0.17  (p=0.028)  days,
respectively.  Patients  in  medium  and  large  bed-size
hospitals  stayed  in  hospitals  shorter  than  those  in  small
bed-size  hospitals  by  0.19  and  0.36  days,  respectively
(p<0.01).  Patients  in  urban  non-teaching  and  urban
teaching hospitals had shorter hospital LOS than those in
rural  hospitals  by  0.34  and  0.50  days,  respectively
(p<0.01).

4. DISCUSSION
The incidence of pneumonia in patients hospitalized for

an AECOPD varies from 16-36% in prior studies [8, 9, 19].
Pneumonia  is  commonly  diagnosed  by  chest  imaging  and
clinical  findings  without  waiting  for  respiratory  culture
results. In our study, we only included bacterial pneumonia
with  identified  pathogens  developed  during  hospital  stay.
Therefore,  the  incidence  of  bacterial  pneumonia  in  our
study is 1.65% and lower than in previous studies. The most
common  bacterial  pathogens  found  in  an  AECOPD  are
Hemophilus  influenzae,  Moraxella  catarrhalis,
Streptococcus  pneumoniae,  and  Pseudomonas  aeruginosa
[22]. Two studies showed that in the COPD population with
community-acquired  pneumonia,  Streptococcus
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pneumoniae was the most common (6.5%-26%), followed by
Pseudomonas  aeruginosa  (5.6%),  Hemophilus  influenzae
(3.7%),  Staphylococcus  aureus  (3.2%),  and  Legionella
pneumophila (2%) [23, 24]. Another study by Shin et al also
found  Streptococcus  pneumoniae  remained  the  most
common  pathogen  (40.3%),  followed  by  Staphylococcus
aureus  (14.2%),  Pseudomonas  aeruginosa  (12.7%),  and
Klebsiella  pneumoniae  (5.2%)  in  patients  who  developed
community-acquired pneumonia in the setting of AECOPD
[15]. However, our study found Pseudomonas aeruginosa is
the  most  commonly  identified  pathogen  (11.54%),  which
outnumbers  Streptococcus  pneumoniae  (7.22%),  MRSA
(7.00%),  and  Hemophilus  influenzae  (4.63%).  MRSA  and
Pseudomonas  aeruginosa  infections  had  the  highest
mortality  rate  (22.86%  and  20%,  respectively).  The
presence of these organisms may suggest recurrent hospital
admissions or healthcare exposure in the COPD population
in the United States. The higher incidence of Pseudomonas
aeruginosa infection may reflect the incidence of structural
lung  diseases,  including  emphysematous  changes.  There
were  41,995  cases  of  bacterial  pneumonia,  and  43,650
bacterial pathogens were isolated from respiratory cultures
(Tables 3 and 4). This indicates that many cases of bacterial
pneumonia  involved  more  than  one  isolated  bacterial
pathogen.  However,  we  were  not  able  to  identify  these
multi-bacterial pneumonia cases due to NIS limitations. In
addition,  as  many uncommon bacteria  were  isolated from
respiratory  cultures,  several  lacked  unique  ICD-10  codes.
Instead,  they  are  classified  by  ICD-10  as  “other  specified
bacteria”  or  “unspecified  bacteria.”  For  this  reason,  we
could  not  precisely  identify  bacteria  in  these  two  groups;
therefore, we combined them into a common group labeled
as  “other”  bacteria  (Table  4).  These  other  bacteria
accounted for 45.76% of the total pathogens and 23.43% of
hospital deaths.

Inhaled corticosteroid (ICS) use may increase the risk
for  pneumonia  in  patients  with  COPD  [16,  25].
Alternatively,  prior  ICS  use  was  found  to  decrease
endotracheal  intubation,  mechanical  ventilation,  and
short-term mortality in the COPD population hospitalized
for  pneumonia  [26].  According  to  a  review  by  Yu  et  al,
patients with COPD and pneumonia are less likely to have
prior  ICS  use  than  those  without  pneumonia  [20].  The
mixed  results  from  previous  studies  allow  for  various
interpretations  of  the  effect  of  ICS.  This  is  further
compounded by guidelines for COPD management, which
changed the indication for ICS in COPD to patients with
serum eosinophilia during the study period [27]. In a meta-
analysis,  pneumonia  was  associated  with  higher  in-
hospital mortality (relative risk [RR] 2.29), longer hospital
LOS  (weighted  mean  difference  3.31),  increased
mechanical  ventilation  (RR  2.02),  and  more  ICU
admissions (RR 2.79) in patients with AECOPD [16]. The
requirement  for  invasive  mechanical  ventilation  and
hospital  mortality  rate  of  AECOPD  patients  with
pneumonia varied 1.2%-17.4% and 3.8%-42% respectively
in multiple studies [8, 9, 13, 14, 15, 17, 18, 19, 28, 29, 30,
31,  32].  This  large  variation  is  attributed  to  the  varying
severity  of  baseline  COPD,  co-morbid  conditions,  and
healthcare  system  quality.  In  our  study,  the  group  of

patients  with  an  AECOPD  and  pneumonia  had  similar
outcomes to the above studies: 4.17% died in hospital and
10.88%  required  intubation.  In  addition,  mortality  rates
vary among different racial groups. Our study found that
White patients were the largest population and had worse
outcomes than patients of other races.

AKI  occurs  in  1.90–27.50% of  patients  with  AECOPD
[4-6,  10-12,  33].  According  to  Wan  et  al.,  the  group  of
AECOPD  patients  with  AKI  has  a  higher  endotracheal
intubation  rate  (18.3%  vs.  3.1%),  a  higher  in-hospital
mortality  rate  (18.0%  vs.  2.7%),  and  longer  in-hospital
LOS (13 days vs. 10 days) than the group without AKI [5].
Stage 3 AKI increases the risk of in-hospital mortality up
to 6.0-fold [5]. In our study, the AKI rate in patients with
an AECOPD was 10.31%,  and the  intubation rate  in  this
group  was  5.03%.  However,  if  they  developed  bacterial
pneumonia, the AKI and intubation rates were significantly
higher at 16.82% and 10.88%, respectively. Patients with
bacterial  pneumonia  are  more  likely  to  develop
complications  requiring  medications  with  potential
nephrotoxic effects (e.g., antibiotics, vasopressors), which
increase  the  risk  of  AKI.  In  addition,  the  correlation
between  respiratory  and  kidney  failure  was  further
explained by several  pathophysiological  mechanisms:  (a)
hypoxic respiratory failure directly diminishes renal blood
flow, while hypercapnic respiratory failure activates renal
vasoconstriction  and  systemic  vasodilation,  resulting  in
lower  renal  blood  flow  [12,  34-36];  (b)  systemic
proinflammatory mediators from acute respiratory failure
are associated with AKI development and vice versa [12,
37-39];  (c)  hemodynamic  disturbances,  blood  gas
impairment,  neurohumoral  alterations,  and  bio-trauma
induced by  mechanical  ventilation  reduce  renal  function
[12, 34, 36, 40]; (d) high intra-abdominal pressure induced
by  COPD  and  mechanical  ventilation  decreases  venous
return, resulting in renal edema and failure [12, 36, 37];
(e)  lower  expression  of  pulmonary-predominant  water
channels  and  aquaporin  5  due  to  AKI  may  damage  lung
tissues [12, 41].

Although  bacterial  pneumonia  is  associated  with  a
higher AKI rate, only 0.28% of patients with an AECOPD
developed both bacterial pneumonia and AKI in our study.
This  group  of  patients,  however,  had  markedly  worse
outcomes.  The  mortality  rates  for  AECOPD,  PAECOPD,
and  KAECOPD  were  0.70%,  2.30%,  and  3.09%,
respectively.  When  both  bacterial  pneumonia  and  AKI
were  present,  the  mortality  rate  increased  to  13.39%.
Patients  in  this  group  had  an  average  hospital  LOS  of
12.89 days, which is significantly longer than in the other
groups.  Endotracheal  intubation,  an  indicator  of  critical
illness, was performed in 27.18% of patients in this group,
significantly  prolonging  hospital  LOS  by  6.13  days  and
increasing hospital mortality (OR 32.75).

5. LIMITATIONS
Our  study  did  not  identify  the  timing  of  pneumonia

onset  because  we  included  pneumonia  cases  based  on
pathogens defined by ICD-10 codes. Therefore, we could
not  distinguish  hospital-acquired  pneumonia  from
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community-acquired  pneumonia.  We  also  could  not
identify uncommon bacterial pathogens or multi-bacterial
pneumonia cases. In addition, we did not investigate the
baseline severity of COPD before admission. Patients with
a  history  of  COPD  exacerbation  have  a  higher  risk  of
future  exacerbations;  however,  the  USNIS  dataset  is
unable to identify patients with recurrent admissions. As
our  study  is  retrospective  and  observational,  there  are
residual confounders that may impact the outcomes, e.g.,
non-coded  diagnoses,  time  of  year,  comorbid  viral
illnesses,  repeat  admissions  of  the  same  patient,  and  so
on.

Body  fluid  status  is  an  important  determinant  of
outcomes in patients with acute kidney injury.  However,
since NIS does not provide data on fluid intake and output,
intravenous fluid administration, or daily diuretic therapy,
we  could  not  evaluate  the  body  fluid  status  of  patients
with acute kidney injury in our study. Also unknown is the
severity  of  AKI  and  the  presence  of  underlying  chronic
kidney disease due to USNIS limitations.

CONCLUSION
Hospitalized patients with an AECOPD who developed

bacterial  pneumonia  had  a  higher  rate  of  AKI.  Although
patients with both conditions accounted for only 0.28% of
cases,  they  had  significantly  worse  outcomes,  including
longer  hospital  stays,  higher  rates  of  endotracheal
intubation,  and  increased  all-cause  hospital  mortality.
Therefore,  minimizing  the  association  between  bacterial
pneumonia  and  AKI  may  help  improve  the  prognosis  of
patients admitted with an AECOPD. Focusing on all-cause
mortality,  a  clinically  and  epidemiologically  important
endpoint, may explain the differences from prior studies.
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