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Purpose: Little is known about the incidence, risk factors, and prognostic implications of
acute kidney injury (AKI) in patients with acute exacerbation of chronic obstructive pul-
monary disease (AECOPD) in China. In this study, we investigated the incidence, risk
factors, and short-term outcomes of AKI in these patients.

Patients and Methods: We analyzed the records of 1768 patients admitted to Nanjing First
Hospital with a principal diagnosis of AECOPD. Of these, 377 patients had AKI.

Results: AKI occurred in 377 patients (21%). Independent risk factors for AKI in patients with
AECOPD were advanced age, coronary artery disease, anemia, cancer, chronic kidney disease, hyper-
capnic encephalopathy, acute respiratory failure, and mechanical ventilation. Patients with AKI had worse
prognostic implications and were more likely to require mechanical ventilation (38.7% vs 19.1%,
P<0.001); non-invasive mechanical ventilation (38.2% vs 18.9%, P<0.001); invasive mechanical ventila-
tion (18.3% vs 3.1%, P<0.001); intensive care unit (ICU) admission (33.7% vs 12.9%, P<0.001); had
alonger ICU stay (9 days vs 8 days, P=0.033) and longer hospitalization (13 days vs 10 days, P<0.001);
and higher in-hospital mortality (18.0% vs 2.7%, P<0.001) than those without AKI. Multivariable
analysis indicated that compared to patients without AKI, those with stage 1, 2, or 3 AKI had
a 1.9-fold, 2.1-fold, or 6.0-fold increased risk of in-hospital death, respectively.

Conclusion: AKI is common in patients with AECOPD requiring hospitalization. Patients with AKI
have worse short-term outcomes. Thus, AKI may be a prognostic predictor of patient survival.
Keywords: acute kidney injury, acute exacerbation of chronic obstructive pulmonary
disease, incidence, risk factor, prognostic implication

Introduction

Worldwide, chronic obstructive pulmonary disease (COPD) affects 9—10% of
people over 40 years of age. ' Exacerbation of COPD is a major cause of morbidity
and mortality, resulting in decreased health status; > acute kidney injury (AKI) is
recognized as also a severe complication of the acute exacerbation of chronic
obstructive pulmonary disease (AECOPD).

Fabbian et al previously reported that AKI was an independent risk factor for in-hospital
mortality in patients with AECOPD.” Barakat et al showed that the incidence of AKI in patients
with COPD was 128/100,000 person-years, and the prevalence of AKI in patients with
AECOPD was 1.9%.> Moreover, AECOPD patients with AKI had a 1.80-fold higher risk
of death within the first 6 months post COPD exacerbation compared to those without AKI.?
However, the incidence, risk factors, and prognostic implications of AKI in Chinese patients
with AECOPD remain unknown.
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In the present observational study, we determined the
incidence of AKI in patients with AECOPD, investigated the
factors that predict AKI, and evaluated whether the presence
of AKI can predict the requirement for renal replacement
therapy (RRT), mechanical ventilation, intensive care unit
(ICU), length of mechanical ventilation, ICU stay, length of
hospitalization, and in-hospital mortality in patients with
AECOPD.

Methods

Study Design

We enrolled patients with AECOPD from Nanjing First
Hospital between January 2014 and January 2017. The diag-
nostic criteria for AECOPD were: (i) history of COPD (forced
expiratory volume in one second [FEV 1]/forced vital capacity
[FVC] <0.70 in the clinically stable state) and (ii) an acute
worsening of respiratory symptoms such as dyspnea, cough,
or purulent sputum, warranting hospital admission.’® The
inclusion criterion was patients with COPD exacerbation
required hospitalization. The exclusion criteria were patients
without full medical records, patients with urinary tract infec-
tion, patients with a history of stage 5 chronic kidney disease
(CKD), and those undergoing dialysis prior to hospital admis-
sion (Figure 1). This study was performed in accordance with
the Declaration of Helsinki and was approved by the Regional

1823 patients with
AECOPD screened

Human Research Ethics Committee of Nanjing First Hospital.
Individual patient consent was waived on condition that all
patient data were deidentified before analysis, because this
study was a retrospective analysis.

Definitions of AKI

AKI was defined as a serum creatinine (SCr) change that
met the 2012 Kidney Disease Improving Global Outcomes
(KDIGO) criteria, which defined AKI as an increase in
SCr levels of >0.3 mg/dL within 48 h or >1.5-fold from
baseline within 7 days.” We staged AKI according to
KDIGO criteria using the difference between baseline
and peak serum creatinine levels (in other words, peak
injury).” More specifically, stage 1 AKI was defined as
an increase of 50—-100% in baseline serum creatinine level
or an absolute increase in baseline creatinine of greater
than or equal to 0.3mg/dL; stage 2 AKI was defined as an
increase of 100-200% in baseline serum creatinine level;
stage 3 AKI was defined as a greater than or equal to
200% increase from baseline serum creatinine levels or
the initiation of dialysis.

Data Collection
Socio-demographic, comorbidity, and complications were
collected from the hospital records. In-hospital outcomes

~

55 patients excluded:
26 patients without full records

1768 patients with
AECOPD included

17 patients with urinary tract infection
9 patients with past history of CKD stage 5
3 patients with dialysis before admission /

N

377 (21%) patients with
AKI

1391 (79%) patients with
Non-AKI

Figure | Flowchart used to determine patient selection.

Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; AKI, acute kidney injury.
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included the requirement for invasive mechanical ventila-
tion, non-invasive mechanical ventilation, mechanical ven-
tilation, the duration of mechanical ventilation, intensive
care unit (ICU) admission, the duration of stay in the ICU,
renal replacement therapy (RRT), the duration of hospita-
lization, 30-day mortality and in-hospital mortality.

Data Analysis

The categorical variables are represented as percentages, and car-
ried out using the chi-squared test and the Fisher’s exact test as
appropriate. The continuous variables with normal distribution are
shown as mean =+ standard, and using #test for univariate compar-
ison; and those with non-normal distribution are shown as median
values (25th—75th percentile), and using the Mann—Whitney U-test
to compare median values. The variables with P < 0.05 in uni-
variate comparison are included in the multivariate logistic regres-
sion analysis to select risk factors associated with AKI. To evaluate
the independent factors associated with in-hospital death, we use
Cox proportional hazards model. The proportional hazards assump-
tion is assessed using graphical methods, and the proportional
hazards assumption is met. The proportional hazards assumption

Table | Risk Factors for In-Hospital Mortality

is assessed graphically by plotting the scaled Schoenfeld residuals
against follow-up time and by a log-minus-log-survival plot. We set
the duration of hospitalization as the time, set the in-hospital death
as the status, and set all the variables in Table 1 as the covariate.
Variables that are significant in the univariate analysis are applied to
perform multivariate analysis. P values <0.05 are considered as
statistically significant. Statistical analysis was using SPSS soft-
ware, version 22 (IBM, Armonk, NY, USA).

Results
AKI Incidence

In total, 1823 patients were admitted with COPD exacerbation,
of whom 55 (3.0%) were excluded. Therefore, there were 1768
patients with AECOPD enrolled for analysis, with the mean age
of 77.0 £ 9.1 years. Most of the study population consisted of
males (76%). AKI occurred in 377 patients (21%), including
13% stage 1 AKI, 5% stage 2 AKI, and 3% stage 3 AKI.

AKI Characteristics
The demographic data, comorbidity, and complications are
shown in Table 2. Compared with non-AKI group, there was

Variable Univariate Regression Analysis Multivariate Regression Analysis
HR 95% ClI P-value HR 95% ClI P-value
Age (years) 1.04 1.02-1.07 0.001 1.03 1.01-1.06 0.026
Men 0.82 0.53-1.27 0.363
Complications
Acute respiratory failure 5.33 3.31-8.59 <0.001 4.19 2.48-7.08 <0.001
Hypercapnic encephalopathy 2.49 1.49-4.16 0.001
Comorbidity
Chronic cor pulmonale 1.42 0.96-2.09 0.078
Pulmonary arterial hypertension 0.57 0.14-2.29 0.425
Atrial fibrillation 1.20 0.70-2.05 0.508
Hypertension 0.88 0.60-1.29 0.503
Diabetes mellitus 1.22 0.75-1.99 0.424
Coronary artery disease 1.59 1.08-2.35 0.020
Chronic kidney disease 2.52 1.60-3.99 <0.001 1.68 1.02-2.77 0.042
Chronic liver disease 0.37 0.09-1.50 0.164
Anemia 1.30 0.88-1.93 0.187
Cerebrovascular disease 0.92 0.58-1.44 0.708
Cancer 0.87 0.38-1.98 0.730
AKI stages
Without AKI (Reference)
AKI stage | 2.67 1.56-4.57 <0.001 1.92 1.11-3.33 0.020
AKI stage 2 3.50 1.96-6.23 <0.001 2.14 1.16-3.96 0.015
AKI stage 3 10.65 6.38-17.77 <0.001 6.06 3.46-10.62 <0.001
Mechanical ventilation 3.28 2.12-5.07 <0.001
Abbreviation: AKI, acute kidney injury.
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Table 2 Demographics of Patients with or Without AKI

Variables AKI Non-AKI P-value
(n=377) (n=1391)
Age (years) 81 (77-86) 77 (69-83) < 0.001
Men (%) 290 (76.9) 1058 (76.1) | 0.727
Peak serum creatinine (umol/L) 139 (121-184) | 75 (64-88) < 0.001
Complications, n (%)
Acute respiratory failure 167 (44.3) 393 (28.3) < 0.001
Hypercapnic encephalopathy 32 (85) 38 (2.7) < 0.001
Comorbidity, n (%)
Chronic cor pulmonale 177 (46.9) 543 (39.0) 0.006
Pulmonary arterial hypertension 16 (4.2) 53 (3.8) 0.700
Atrial fibrillation 59 (15.6) 124 (8.9) <0.001
Hypertension 225 (59.7) 705 (50.7) 0.002
Diabetes mellitus 73 (19.4) 208 (15.0) 0.038
Coronary artery disease 161 (42.7) 340 (24.4) < 0.001
Chronic kidney disease 102 (27.1) 109 (7.8) < 0.001
Chronic liver disease 16 (4.2) 66 (4.7) 0.682
Anemia 161 (42.7) 384 (27.6) < 0.001
Cerebrovascular disease 99 (26.3) 268 (19.3) 0.003
Cancer 32 (8.5) 73 (5.2) 0.018

Notes: Continuous, normally distributed data were analyzed using the Student’s
t-test. Non-normally distributed variables were analyzed using the Mann-Whitney
U-test. Analyses of the spread of categorical variables were calculated using the
Pearson chi-squared test or Fisher’s exact test where appropriate.
Abbreviation: AKI, acute kidney injury.

no significant difference in gender for AKI group, but
patients with AKI were advanced age (81 years vs 77 years;
P < 0.001). Patients with AKI were more commonly com-
plicated with acute respiratory failure (ARF) (44% vs 28%;
P <0.001) and hypercapnic encephalopathy (8.5% vs 2.7%;
P <0.001). Comparison of the incidence of comorbidities in
patients with AKI and non-AKI revealed approximately
equal proportions of patients with either pulmonary arterial
hypertension or chronic liver disease. Nevertheless, patients
with AKI had a higher proportion of chronic cor pulmonale
(46.9% vs 39.0%; P = 0.006), atrial fibrillation (15.6% vs
8.9%; P <0.001), hypertension (59.7% vs 50.7%; P =0.002),
diabetes mellitus (19.4% vs 15.0%; P = 0.038), coronary
artery disease (42.7% vs 24.4%; P < 0.001), CKD (27.1%
vs 7.8%; P < 0.001), anemia (42.7% vs 27.6%; P < 0.001),
cerebrovascular disease (26.3% vs 19.3%; P = 0.003), and
cancer (8.5% vs 5.2%; P = 0.018).

Risk Factors for AKI

Risk factors for AKI in patients with AECOPD were advanced
age (odds ratio [OR], 1.06; 95% CI, 1.04-1.07; P < 0.001),
coronary artery disease (OR, 1.68; 95% CI, 1.28-2.20; P <
0.001), CKD (OR, 4.35; 95% CI, 3.14-6.03; P < 0.001),
anemia (OR, 1.34; 95% CI, 1.03-1.75; P = 0.029), cancer

(OR, 1.81; 95% CI, 1.13-2.91; P = 0.014), ARF (OR, 1.44;
95% CI, 1.06-1.98; P = 0.022), hypercapnic encephalopathy
(OR, 1.95; 95% CI, 1.12-3.38; P = 0.018), and mechanical
ventilation (OR, 2.23; 95% CI, 1.61-3.08; P < 0.001) (Table
3). Our model achieved an apparent area under the receiver
operating characteristic curve (AUC-ROC) of 0.76 (95% CI,
0.74-0.79, P < 0.001).

In-Hospital Outcomes
In-hospital outcomes for patients with or without AKI are
shown in Figure 2 and Table 4.

Mechanical Ventilation

Patients with AKI were more likely to require mechanical
ventilation (38.7% vs 19.1%; P < 0.001), non-invasive
mechanical ventilation (38.2% vs 18.9%; P < 0.001), and
invasive mechanical ventilation (18.3% vs 3.1%; P < 0.001)
compared with the non-AKI group. However, there was no
significant difference in duration of mechanical ventilation
between AKI (8 days; interquartile ratio [IQR], 5-16 days)
and non-AKI groups (9 days; IQR, 5-14 days; P = 0.803).

Renal Replacement Therapy

Overall, there werel2 patients requiring renal replacement
therapy (RRT), which accounted for 3.2% of all patients
with AKI. Moreover, the in-hospital mortality of this
group was as high as 91.7% (11/12).

ICU Admission

ICU admission for patients with AKI had a higher propor-
tion than the non-AKI group (33.7% vs 12.9%; P < 0.001).
Moreover, compared with the non-AKI group (8 days;
interquartile ratio [IQR], 4-13 days), patients with AKI
had a longer median stay in the ICU (9 days; IQR, 6-16
days; P = 0.033).

Table 3 Multivariate Analysis of Risk Factors for AKI in Patients
with AECOPD

Variables OR 95% CI P

Age 1.06 1.04-1.07 <0.001
Coronary artery disease 1.68 1.28-2.20 <0.001
Chronic kidney disease 4.35 3.14-6.03 <0.001
Anemia 1.34 1.03-1.75 0.029
Cancer 1.81 1.13-2.91 0.014
Acute respiratory failure 1.44 1.06—1.98 0.022
Hypercapnic encephalopathy 1.95 1.12-3.38 0.018
Mechanical ventilation 2.23 1.61-3.08 <0.001

Abbreviations: AKI, acute kidney injury; AECOPD, acute exacerbation of chronic
obstructive pulmonary disease; OR, odds ratio; Cl, confidence intervals.
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Figure 2 In-hospital outcomes of patients with or without AKI. This graph shows a comparison of the proportion (%) of patients with or without AKI that required renal
replacement therapy, ICU admission, invasive mechanical ventilation, non-invasive mechanical ventilation, and mechanical ventilation during hospitalization. The graph also
shows a comparison of 30-day mortality and in-hospital mortality between AKI and non-AKI groups. Numbers at the top of bars represent the number of patients in the
respective category for with/without AKI. P-values were calculated using the Pearson chi-squared test/Fisher’s exact test where appropriate.

Abbreviations: ICU, intensive care unit; AKI, acute kidney injury.

Duration of Hospitalization

Patients with AKI also had a longer median duration of
hospitalization (13 days; IQR, 8-18 days) compared with
the non-AKI group (10 days; IQR, 7-13 days; P < 0.001).

In-Hospital Mortality

During the hospitalization, the overall in-hospital mortality
was 5.9% (105/1768). In-hospital mortality was 2.7% in the
non-AKI group, compared with 18.0% in patients with the
AKI group. In particular, more than half of the patients (54%)
with stage 3 AKI died during hospitalization. Figure 3
shows the in-hospital mortality according to AKI stages.

Risk Factors for in-Hospital Death

Table 1 shows the independent factors of in-hospital death.
After adjustment for other significant factors of death, compar-
ing to patients without AKI, the in-hospital death of patients

Table 4 Duration of Hospital Stay in Patients with or Without AKI

Variables AKI Non-AKI | P-value
Duration of mechanical ventilation (IQR) (days) | 8 (5-16) 9 (5-14) 0.803
Duration of ICU stay (IQR) (days) 9 (6-16) 8 (4-13) 0.033
Duration of hospitalization (IQR) (days) 13 (8-18) | 10 (7-13) [ <0.001I

Abbreviations: AKI, acute kidney injury; ICU, intensive care unit; IQR, interquartile range.

with stage 1, stage 2, and stage 3 AKI increased 1.92-fold
(95% (I, 1.11-3.33; P = 0.020), 2.14-fold (95% CI, 1.16—
3.96; P = 0.015), and 6.06-fold (95% CI, 3.46-10.46; P <
0.001), respectively. In addition, age (hazard ratio [HR] 1.03,
95% CI, 1.01-1.06; P = 0.026), CKD (HR 1.68, 95% ClI,
1.02-2.77; P = 0.042), and ARF (HR 4.19, 95% CI, 2.48—
7.08; P < 0.001) were also independent risk factors for in-
hospital death. This model achieved an apparent AUC-ROC of
0.80 (95% CI, 0.75-0.85, P < 0.001) (Figure 4).

Discussion

In this study, approximately one-fifth of in-patients with
AECOPD had AKI, and patients with AKI had worse prog-
nostic implications. Compared with the non-AKI group, AKI
occurring in patients with AECOPD was independently asso-
ciated with increased in-hospital mortality, an increased risk of
requiring mechanical ventilation, non-invasive mechanical
ventilation, invasive mechanical ventilation, ICU admission,
and a longer duration of ICU stay and hospitalization.

We found that the incidence of AKI was 21.3% in in-
patients with AECOPD. Our current results showed a much
higher incidence compared to the 1.9% and 5.0% reported in
previous studies by Barakat et al and Fabbian et al,
respectively.*> We tried to explain the difference. Firstly, in
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In-hospital mortality outcomes according to AKI severity

(22
o
1

N
o
1

9.0

In-hospital mortality (%)
=N
o

2.7
0 I 1

54.9
[ Non-AKI

AKI stage 1
I AKIl stage 2
Il AKI stage 3

204

AKIl stages

Figure 3 Inpatient mortality outcomes according to AKI stages. This figure shows the proportion (%) of patients with each stage of AKI who died during hospitalization.
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Figure 4 Receiver operator characteristic (ROC) curve showing discrimination
power of this model for in-hospital death.

recent years, the incidence of AKI was steadily increasing
(note that the study by Fabbian et al started in 2000, and the
study by Barakat et al started in 2004).® Therefore, the inci-
dence of AKI was underestimated. Secondly, ARF was an
important factor for AKI, and previous studies reported that
the incidence of AKI in patients with ARF ranged from 35% to
62%.”'" In our study, about one-third of patients suffered
complications from ARF. Thirdly, in the studies by Fabbian
et al and Barakat et al, AKI was diagnosed by the International
Classification of Diseases.”” However, the performance of
International Classification of Diseases in identifying AKI

reported that the sensitivity was only 17%, and specificity
was >98%, which might underestimate the incidence of AKI.'?

Our study showed that the risk factors for AKI are
advanced age, coronary artery disease, CKD, anemia, can-
cer, ARF, hypercapnic encephalopathy and mechanical
ventilation. Barakar et al reported that advanced age,
hypertension, angina, heart failure, and CKD were inde-
pendently associated with AKI in patients with AECOPD.’
Mechanical ventilation was an important treatment for
patients with AECOPD."® On the contrary, mechanical
ventilation was also an independent risk factor for AKI.
Previous study had reported that there were three main
mechanisms for explaining AKI caused by mechanical
ventilation.'* Firstly, through effects on arterial blood
gases. Either severe hypoxemia or hypercapnia could
reduce renal blood flow (RBF). Secondly, through an
effect on systemic and renal blood flow. Mechanical ven-
tilation decreased preload and increased right ventricular
afterload, and ultimately decreased cardiac output. Thirdly,
mechanical ventilation may lead to bio-trauma, which was
an inflammatory reaction in the lung and inflammatory
mediators released into the systemic circulation. In addi-
tion, other studies had also verified the release of inflam-
matory mediators by mechanical ventilation.'>™"® This
study was the first to report that hypercapnic encephalo-
pathy was a risk factor for AKI, which may be associated
with blood gas disturbances and RBF. Hypoxemia could
reduce RBF by increasing renal vascular resistance as
a result of the activation of vasoactive factors such as

endothelin, angiotensin II, as well as decreased level of
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nitric oxide.'” ' Hypercapnia was also correlated inver-
sely with RBF mainly by releasing noradrenaline and
resulting in constricting blood vessels.*?

In our study, AKI increased the risk of patients requiring
mechanical ventilation, ICU admission, a longer length of ICU
stay, a longer length of hospitalization, and higher in-hospital
mortality. More specially, advanced age, ARF, AKI, and CKD
were independent risk factors for in-hospital death. We found that
both CKD and AKI played an important role in increasing in-
hospital mortality in patients with AECOPD. In our study, patients
with CKD had a 1.68 times increased risk for in-hospital death.
This was consistent with a previous meta-analysis that reported
CKD was an independent predictor for short-term mortality in
COPD exacerbations.” A study performed by Hasegawa et al
showed that patients with COPD who required hospitalization
coexisting with CKD had a 1.73 times increased risk of in-
hospital death.** Additionally, previous studies regarding the asso-
ciation between AKI and in-hospital mortality during COPD
exacerbation were even scarcer. Fabbian and coworkers* found
that the mortality rate for AKI was 16.6% compared to 4.0% for
cases without AKI, and AKI was one of the predictors associated
with higher in-hospital mortality, and increasing 3.85-fold risk of
in-hospital mortality. Alaithan et al* evaluated 119 patients with
COPD who were admitted to ICU and found that AKI was
identified as an independent risk factor associated with in-
hospital mortality. In our study, in-hospital mortality was signifi-
cantly higher in patients who suffered from AKI compared with
those without AKI (18.0 vs 2.7%). Patients with stage 1, stage 2,
and stage 3 AKI had a 1.9-fold, 2.1-fold, and 6.0-fold increased
risk of in-hospital death, respectively. Advanced age and ARF are
two common risk factors for in-hospital death in patients with
AECOPD.*® Steer et al*’ developed a simple prediction tool,
termed the DECAF score, which could identify high risk of in-
hospital mortality in patients admitted for COPD exacerbation.
Unfortunately, AKI was not considered in this scoring system;
future studies should attempt to incorporate AKI into the DECAF
scoring system.

There were several limitations in this study. Firstly, this was
a retrospective single-center study, so its inherent weakness
could not be avoided. Secondly, data such as body mass
index, COPD severity stage, and smoking were not available,
which may be associated with AKI. Thirdly, we did not assess
urine output in determining the presence of AKI. Although AKI
is partly defined by urine volume,” most AKI staging studies
have used only SCr levels, and not urine output.”® Fourthly, the
timeframe to evaluate the presence of AKI is crucial for inter-
pretation of the causal relationships between AKI and other
endpoints or complications. As this study is a retrospective

observational study, in this study we simply analyze and observe
the association between AKI and other endpoints or complica-
tions, and cannot prove to be interpretation of the causal rela-
tionships between AKI and other endpoints or complications.

Conclusions
AKI was common in in-patients with AECOPD, and
patients with AKI had worse prognostic implications.
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