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Fluid assistance therapy reduces risks of hospital-acquired
pulmonary fungal infection for acute exacerbation of chronic
obstructive pulmonary disease patients
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Background: This study compares the effects of fluid assistance therapy on the probability of hospital-
acquired pulmonary fungal infection in patients with acute exacerbation of chronic obstructive pulmonary
disease (AECOPD) in groups C and D of the Global Initiative for Chronic Obstructive Lung Disease (GOLD).
Methods: We investigated AECOPD patients in GOLD groups C and D who were hospitalized in the
pneumology department of our hospital from March 2013 to February 2016. The study was a cohort study.
The patients were randomly divided into two groups using random number list: one that received fluid
assistance therapy and one that did not. Binary classification logistic regression analysis was carried out using
factors such as fluid assistance therapy, glucocorticoid use, long-term smoking history, use of long-term
broad-spectrum anti-infection drugs and hypoproteinemia.

Results: The pulmonary fungal infection probability of the fluid assistance therapy group was significantly
lower (P=0.022). Except for long-term smoking history and fluid assistance therapy, all factors examined
in the logistic regression analysis were risk factors for pulmonary fungal infection (P values: 0.008, OR
4.992, 95% CI: 1.516-16.438; 0.001, OR 7.693, 95% CI: 2.221-26.650, and 0.003, OR 6.393, 95% CI:
1.901-21.498, respectively). Fluid assistance therapy was a protective factor (P=0.001, OR 0.035, 95% CI:
0.005-0.246).

Conclusions: Fluid assistance therapy can reduce hospital-acquired pulmonary fungal infection in group
C and group D AECOPD patients. This therapy may be a protective factor and help to prevent pulmonary
fungal infection.
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Introduction

Pulmonary fungal infection is one of the most important
types of deep fungal infection. Infection accounts for a
considerable proportion of patients in the respiratory ward,
and the infection rate of patients with acute exacerbation of
chronic obstructive pulmonary disease (AECOPD) is high.
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For patients admitted for acute exacerbation in GOLD
groups C and D according to the Global Initiative for
Chronic Obstructive Lung Disease (GOLD), the treatment
course is long, and pulmonary fungus infection can easily
develop. After the fungal infection, the period of treatment

must be extended, the economic burden increases, and
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there is more suffering and a greater risk of death. Invasive
pulmonary aspergillosis is one kind of pulmonary fungus.
In an observational multicenter study of 563 critically
ill patients with proven putative invasive pulmonary
aspergillosis or aspergillus colonization, researchers found
that COPD was the most frequent cause, accounting for
31% (n=174) of all cases (1).

However, drugs for antifungal therapy have several
shortcomings that can’t be ignored, such as a long course
of treatment, no significant curative effects, obvious side
effects, and high cost. Reducing probability of lung fungal
infection in AECOPD patients during hospitalization is an
important issue. In our many years’ clinical observations,
when AECOPD patients in GOLD groups C and D are
given an appropriate increase of intravenous fluid based
on routine treatment, it could effectively reduce the
patients’ probability of complications with pulmonary
fungal infection. This research investigates such patients
who were treated in our department from March 2013 to
February 2016. These patients were randomly divided into
two groups: one that received fluid assistance therapy and
one that did not, and the probability of pulmonary fungal
infection was compared between them. This study aimed to
find a new method to decrease the probability of pulmonary
fungal infection. If fluid assistance therapy could reduce
pulmonary fungal infection, it would be easy for clinicians
applying this means and get less complications comparing
with using antifungal drug.

Methods
Study population

This study was a prospective cohort study. We investigated
AECOPD patients in GOLD groups C and D who were
hospitalized in the respiratory ward of our hospital from
March 2013 to February 2016. Originally 209 patients were
chosen, and 209 three-digit random numbers were read
by using the random number list. Each patient was given a
corresponding random number according to the order after
their admission of hospitalization. Then these 209 random
numbers were sorted by ascending power, the first 73 patients
were treated by fluid assistance therapy, the other 136
were treated by non-fluid assistance therapy. This research
adopted the double-blind design, the patients and outcomes
evaluators were all blind, and implementers were open.

All of the patients’ diagnosis and treatment processes
were carried out according to the guidelines for the
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diagnosis and treatment of AECOPD. Based on routine
practice, one group received fluid assistance therapy, and
the other group did not (routine treatment).

The fluid assistance therapy involved an intravenous
infusion amount of 800-1,800 mL, while the non-therapy
group received an intravenous infusion of 800 mL or less.
Possible liquids included physiological saline, glucose
saline solution, and sodium lactate Ringer’s solution, to
which electrolyte may or may not have been added. The
probability of pulmonary fungal infection was compared
between groups. The diagnosis of pulmonary fungal
infection was carried out according to the current expert
consensus (2): once a diagnosis of pulmonary fungal
infection had been made, a corresponding antifungal
treatment was given to the patients. We did outpatient
follow-up every month since patients took the antifungal
drug and follow-up would last for about 3 to 6 months.

Inclusion criteria (Figure 1)

All patients included satisfied the following criteria: (I) all
patients were diagnosed with AECOPD in groups C and D
by established standards, and they all had type II respiratory
failure; (II) they were unable to move freely and could
not eat or drink by themselves; (III) the patients weighed
35-90 kg; (IV) they may or may not have used
glucocorticoids by oral or atomization inhalation or
intravenously (intravenous use for 7 days or more, oral use
for 10 days or more, atomization inhalation use for 7 days
or more); (V) their brain natriuretic peptide (BNP) levels
were 5,000 pg/mL or less. (VI) They had no history of
fungal infections in the last half year before the admission.

Exclusion criteria (3-9)

Patients were excluded for the following reasons: (I)
immune defects or using immune inhibitors; (II) diseases of
the blood system; (III) rheumatism; (IV) abnormal structure
of the throat or upper respiratory tract were abnormal or
having undergone related surgery; (V) unsmooth vital signs;
(V1) large pulmonary bullae (with a diameter of 2 cm or
more); (VII) use of endotracheal intubation and ventilator
during hospitalization; and (VIII) a history of touching
or feeding birds. Ultimately, we collected 150 cases for
this study. A flow chart of the study is shown below. All
the patients were provided informed consent, and the
study was approved by the ethics committee of Zhejiang
University Jinhua Hospital (ethics committee approval No.
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Initial selected 136 cases of
non-fluid assistance therapy
+ 73 cases fluid assistance

therapy = 209 cases

49 cases could not cooperate

160 cases

»  with check or treatment or

loss to follow-up

157 cases

> 3 cases died

7 cases were found to

\4

> exist systemic diseases
or immune dysfunction

150 cases

Fluid assistance therapy
group, 47 cases

Non-fluid assistance
therapy group, 103 cases

Figure 1 At the outset 209 cases were recruited in the study, and finally only 150 cases were selected for statistics. Because some cases could

not cooperate with check or treatment, some cases were loss to follow-up, some cases died, and others were found to exist systemic diseases

or immune dysfunction. All these 59 patents’ data were not brought into statistical analysis.

5,2013) and was conducted in accordance with the Helsinki
Declaration of 1964 (revised 2008).

Baseline value comparison

These patients didn’t have coronary atherosclerotic heart
disease, hypertension, diabetes, and some of them combined
with pulmonary heart disease. They could not perform
lung function test because they were very weak .All of the
patients were diagnosed in COPD group C or group D.
Table 1 provides general information about the selected
patients, including gender, age, weight, BMI, time of using
glucocorticoids and the way they were used, and BNP
values. The baseline values of the two groups were analyzed
by a t-test and chi-squared test, and the differences were not
significant.

Research process

All patients in both groups were informed to specify the

© Journal of Emergency and Critical Care Medicine. All rights reserved.

diagnosis of AECOPD groups C and D. General anti-
infection, airway inflammation resistance, and other
nutritional support treatments were given according to
established guidelines. The fluid assistance therapy group
was given appropriate amounts of intravenous fluids
based on body weight, heart function, appetite, and the
differential value of liquid between intake and discharge
within 24 hours. The basic principle to follow was to add an
appropriate amount of intravenous fluids in case of cardiac
function tolerance while trying to avoid the occurrence of
limb edema or heart failure.

We repeatedly sampled qualified sputum specimens
during hospitalization for detection. Alveolar lavage fluid
was collected for examination from some patients who
could tolerate a bronchoscope. In addition, a few patients
underwent pathologic examination by percutaneous lung
targeted biopsy if they could tolerate puncture.

The diagnosis of pulmonary fungal infection was carried
out according to the current expert consensus (2): (I) the
clinical symptoms became worse despite general anti-
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Table 1 Baseline values of two groups patients’ general condition finally selected

General information Fluid assistance therapy Non-fluid assistance therapy P value
Gender 0.207
Male 33 83
Female 14 20
Age (years) 71.745+8.350 71.467+9.272 0.861
Weight (kg) 58.915+11.500 58.515+9.827 0.827
BNP value (pg/mL) 1,544.128+1,527.835 1,614.825+1,485.442 0.789
BMI (kg/m?) 22.86+2.98 22.06+2.50 0.090
Values were shown as mean + SD.
Table 2 Probability of patients complicated with pulmonary fungal infection between the two groups
Pulmonary fungal infection (n)
Group No. of cases P value
Yes No
Non-fluid assistance 1083 84 0.022
therapy
Fluid assistance therapy 47 45

infection treatments, and there were new lesions on imaging
that could not be explained by general bacterial infections;
(II) the patient had qualified sputum culture specimen
results that suggested fungal infection more than 3 times;
(II) percutaneous lung biopsy suggested fungal infection,
or bronchoalveolar lavage fluid suggested fungal infection.
In this study, the diagnosis of pulmonary fungal infection
required the first item to be met, as well as either the
second or the third item. Once a diagnosis of pulmonary
fungal infection had been made, a corresponding antifungal
treatment was given in a timely manner.

Data about fluid assistance therapy, glucocorticoid use,
long-term smoking history, broad-spectrum anti-infection
drug use, hypoalbuminemia were collected for logistic
regression model analysis.

Statistical analysis

After removing the missing data of 59 patients, the rest of 150
cases’ data were ultimately brought into statistical analysis
.We collected fungal infection cases in both groups and used
the statistical software SPSS 19.0 for chi-squared analysis
to compare the rates of fungal infections. The continuous
variables were tested for normality before statistical
analysis (10). In addition, binary classification logistic
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regression model analysis was carried out to determine the
influence on pulmonary fungal infection by factors such as
the fluid assistance therapy, glucocorticoid use, long-term
smoking history, broad-spectrum anti-infection drug use,
and hypoalbuminemia. And the logistic regression model
was built follow the strategy of reference (11). P<0.05 was
considered to indicate statistical significance.

Results

One hundred fifty patients were finally brought into
statistical analysis. The probability of pulmonary fungal
infection of AECOPD patients in the fluid assistance
therapy group was significantly lower than in the non-
therapy group (P=0.022), as shown in Zable 2.

The single-factor unconditional binary classification
logistic regression analysis showed that the fluid assistance
therapy might be a protective factor against pulmonary
fungal infection in AECOPD patients (OR 0.196, 95% CI:
0.044-0.882, P=0.034), shown in Table 3. The results also
showed that except for long-term smoking history, the rest of
the various factors were associated with statistically significant
differences in the occurrence of pulmonary fungal infection
(OR 3.366, 95% CI: 1.296-8.744, P=0.013; OR 0.871, 95%
CI: 0.346-2.194, P=0.769; OR 4.364, 95% CI: 1.667-11.426,
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Table 3 The single factor binary classification logistic regression analysis of lung fungal infection
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95% ClI
Factors B S.E. Wald OR P value
Lower Upper
Fluid assistance therapy -1.627 0.766 4.512 0.196 0.044 0.882 0.034
Glucocorticoid use 1.214 0.487 6.210 3.366 1.296 8.744 0.013
Long-term smoking history -0.138 0.472 0.086 0.871 0.346 2.194 0.769
Broad-spectrum anti-infection drug use 1.473 0.491 9.004 4.364 1.667 11.426 0.003
Hypoalbuminemia 1.566 0.502 9.753 4.789 1.792 12.801 0.002
Table 4 Multi-factor binary classification logistic regression analysis of pulmonary fungal infection
95% ClI

Factors B S.E. Wald OR P value

Lower Upper
Fluid assistance therapy -3.339 0.989 11.401 0.035 0.005 0.246 0.001
Glucocorticoid use 1.608 0.608 6.992 4.992 1.516 16.438 0.008
Long-term smoking history 0.970 0.630 2.367 2.638 0.767 9.075 0.124
Broad-spectrum anti-infection 2.040 0.634 10.358 7.693 2.221 26.650 0.001
drug use
Hypoalbuminemia 1.855 0.619 8.988 6.393 1.901 21.498 0.003

P=0.003, and OR 4.789, 95% CI: 1.792-12.801, P=0.002).

Considering that the sample size of this study was
not big, all of the factors were also entered into a multi-
factor two-category logistic regression analysis. The
results showed that long-term smoking history was not a
risk factor for pulmonary fungal infection in AECOPD
patients (P=0.124). Fluid assistance therapy (P=0.001, OR
0.035, 95% CI: 0.005-0.246) was again a protective factor
against lung fungal infection for patients with AECOPD.
Furthermore, glucocorticoid use, broad-spectrum anti-
infection drug use, and hypoalbuminemia were all risk
factors (P=0.008, OR 4.992, 95% CI: 1.516-16.438;
P=0.001, OR 7.693, 95% CI: 2.221-26.650; P=0.003, OR
6.393, 95% CI: 1.901-21.498). The results are shown in
Table 4.

Discussion

Fungal pathogens are conditional pathogens that are
widely distributed in nature. They have low toxicity and
generally do not affect normal people. Pulmonary fungal
infection is one of the most important types of deep fungus
infection. It always occurs in patients with compromised
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immunity, especially in AECOPD group C and group
D patients who have long-term chronic hypoxia, which
results in low immunity, significantly impaired defenses,
and opportunities for fungal infection. One research
indicated that the percentage of patients developing
aspergillosis was significantly higher among GOLD IV
patients than among GOLD II-III patients (P=0.032). And
it found a high percentage (25.5%) of cases progressing to
aspergillosis among Aspergillus-colonized non-transplant,
non-neutropenic patients, especially among patients with
COPD, stressed the importance of colonization as risk
factor (12).

The results of this study show that fluid assistance
therapy can significantly reduce the probability of
pulmonary fungus infection in AECOPD groups C and D
patients during hospitalization. The analysis also confirmed
various risk factors. The mechanism of how fluid assistance
therapy reduces the incidence of pulmonary fungus
infection is yet unclear. We hypothesize several potential
reasons: (I) the fluid assistance therapy can maintain stable
vital signs, particularly blood pressure, as well maintain
a steady internal environment to support basic biological
functions; (II) it can promote metabolism to a certain
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extent and improve the body's immune function; (III) it can
effectively increase the circulation capacity, which can allow
anti-infection drugs to reach their target locations and fulfill
their proper roles.

This study was a small-sample, single-center study, but
the results may lead to more favorable clinical treatment
strategies for patients with AECOPD. However, a larger
multicenter study is still needed to confirm the conclusions.
In addition, the limitation can be easily found the diagnosis
of pulmonary fungal infection in this study was based on
the expert consensus, rather than the gold standard of
pathological diagnosis. Fluid assistance therapy could provide
help in the clinical treatment of AECOPD, reduce fungal
lung infection, reduce suffering, shorten hospitalization
times, and reduce social and economic burdens.

In conclusion, fluid assistance therapy can reduce
risks of hospital acquired pulmonary fungal infection for
AECOPD patients. This study is a small sample, single
center study, although the results may bring more favorable
clinical treatment strategy in patients with AECOPD. But
larger, multicenter study is urgently needed. If multicenter
study also confirms the conclusion, the fluid assistance
therapy will provide strong help for the clinical treatment
of AECOPD, it can reduce the lung fungal infection,
can reduce AECOPD patients’ suffering, shorten the
hospitalization of patients, and can reduce the family and
the social economic burden.
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