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Objective: To investigate the drug resistance of nosocomial infection-related pathogens in
patients who underwent extracorporeal membrane oxygenation (ECMO), analyzing the
nosocomial infection-related risk factors.

Methods: The medical records of 56 patients who received ECMO support treatment in the
First Affiliated Hospital with Nanjing Medical University from January 2013 to
December 2019 were selected. The nosocomial infection, pathogen distribution and drug
resistance, and the influencing factors of nosocomial infection were analyzed. The predictive
value of independent risk factors for nosocomial infection after ECMO was analyzed using
the receiver operating characteristic (ROC) curve.

Results: A total of 56 patients receiving ECMO treatment were included. The nosocomial
infection rate was 28.57%, and the prevalence infection rate was 44.64%. Lower respiratory
tract infection was the main infection site. Among these infectious patients, 53 strains of
pathogens were detected. The results showed that the gram-negative bacteria were mainly
Acinetobacter baumannii and Klebsiella pneumonia. Moreover, the drug resistance rate of
Acinetobacter baumannii to most of the antibiotics was more than 65%, among which the
drug resistance rate to carbapenems was 80%. The results of risk factors of nosocomial
infection after ECMO were analyzed by univariate analysis, showing that ECMO treatment
time, hospitalization time, antibacterial drug use time, ventilator use time, catheter intubation
time and central venous intubation time were statistically significant (all p < 0.001).
Multivariate analysis identified that ECMO treatment time was an independent risk factor.
As showed by ROC curve, ECMO treatment time had a high predictive value for post-
operative nosocomial infection. ECMO treatment times of more than 4.5 days were asso-
ciated with an increased risk of nosocomial infection.

Conclusion: The nosocomial infection rate after ECMO was relatively high, and the main
pathogens are Gram-negative bacteria. The selection of antibiotics should be based on the
results of pathogen drug sensitivity.

Keywords: extracorporeal membrane oxygenation, nosocomial infection, risk factors,
infection site

Introduction

Extracorporeal membrane oxygenation (ECMO), as an extracorporeal life support tech-
nology, is widely applied in patients with severe cardiopulmonary failure, which could
maintain cardiopulmonary respiration and cardiopulmonary bypass (CPB) and help gain
time for primary disease treatment and cardiopulmonary function recovery.> ECMO
originated in the late 1960s, and it has been successfully applied in treating a patient with
adult respiratory distress syndrome (ARDS) in 1971.% In 1989, the in vitro life support
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organization was established in the United States, which has
become an important international academic exchange plat-
form for ECMO data collection and analysis, and the evalua-
tion of patient’s prognosis.” The clinical application of ECMO
in China began in the 1990s, and ECMO has been applied in
more than 5000 cases in China in 2019. At present, there are
about 500 ECMO, and 260 hospitals can provide ECMO
services in China.” With the continuous progress and applica-
tion of ECMO technology, ECMO application has been gra-
dually accepted by the public.®

Although ECMO is a CPB technology, the incidence of
complications in ECMO support treatment is 75.8%.’
Bleeding, renal failure and secondary infection are common
complications after ECMO. According to the “Infectious
Disease Task Force”, created in 2008 to control the infection
of ECMO, about 20% of adults who receive ECMO are at risk
of nosocomial infections.® Nosocomial infection after ECMO,
as one of its complications, dramatically increases the mortal-

ity of patients.’ Zhou et al'”

analyzed the distribution and drug
resistance of pathogens causing nosocomial infections in
patients treated with ECMO; however, no analyses on noso-
comial infection-related risk factors have been made. Li et al''
indicated the significant correlations between the secondary
infections of post-cardiac surgery extracorporeal membrane
oxygenation supportive treatment (pCS-ECMO) and mechan-
ical ventilation time, ICU residence, ECMO duration, and total
hospital stay. However, there are no appropriate guidelines and
prognostic factors for antimicrobial prophylaxis in patients
with ECMO.'*!? To make the effective protocol of antibiotic
application, it is crucial to figure out the profiling of nosoco-
mial infections and risk factors.

In this study, 56 patients who received ECMO support
treatment at the First Affiliated Hospital with Nanjing
Medical University from January 2013 to December 2019
were investigated for nosocomial infection. The distribution
of pathogens, drug resistance and the related risk factors were
analyzed. The predictive value of nosocomial infection after
ECMO was analyzed using the receiver operating character-
istic (ROC) curve. This study aims to provide a reference for
the prevention and reduction of nosocomial infection after
ECMO.

Research Objects and Methods

Research Objects

The medical records of 56 patients who received ECMO
support treatment at the First Affiliated Hospital with
Nanjing Medical University from January 2013 to

December 2019 were included. The nosocomial infection
after ECMO surgery was defined as the nosocomial infec-
tion that occurred between 24 h after ECMO to 48 h,14
based on the Diagnostic Criteria for Nosocomial Infections
(Proposed) issued by the Ministry of Health of the P.R.
China (2001). The patients were divided into the infection
group (nosocomial infection after ECMO; n = 16) and the
non-infection group (no nosocomial infection after
ECMO; n = 40). The inclusive criteria were as follows:
(1) age > 18 years old; (2) no evidence of infection (such
as in clinical manifestations and specimen culture) before
ECMO support treatment; (3) ECMO support treatment
time > 48 h. The exclusion criteria included: (1) infection
before ECMO support treatment; (2) weaning or death
within 48 h after ECMO support treatment.

Methods

Observation Indexes

The retrospective study was performed. The condition
(such as gender, age, hypertension, diabetes and nosoco-
mial infection), ECMO treatment mode, installation mode,
and time of ECMO treatment, hospitalization, antibacterial
drug use, combination medication, ventilator use, central
venous intubation and catheter intubation of patient in the
infection group and the non-infection group were collected
and recorded from the hospital information system.

Bacterial Identification and Drug Sensitivity Test

The samples were collected from patients with nosocomial
infection after ECMO surgery, namely the specimens from
infected sites, including bronchoalveolar fluid, sputum,
blood, midstream urine, feces and pleural effusion. The
isolated colonies were identified using the VITEK-2
Compact automatic bacteria identification instrument
(Biomerieux, Marcy I’Etoile, France) or API system
(Biomerieux). The quality control strains (National
Center for Clinical Laboratories) were as follows:
Escherichia coli (ATCC25922), Klebsiella pneumonia
(ATCC700603), Staphylococcus aureus (ATCC25923),
Acinetobacter baumannii (ATCC19606), Pseudomonas
aeruginosa (ATCC278553) and Enterobacter cloacae
(ATCC700323). Bacterial drug sensitivity test was per-
formed using VITEK-2 Compact automatic bacteria iden-
tification instrument (Biomerieux) or the disk diffusion
method. The drug sensitivity results were judged accord-
ing to the standard of Clinical and Laboratory Standards
Institute (2019)."
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Statistical Analysis

SPSS 26.0 software was used for data sorting and analysis.
The counting data were expressed as a constituent ratio
(%), and analyzed by X? test. The measurement data were
shown as (X & 5) or M (P25-P75). For measurement data
in a normal distribution, the comparison between groups
was analyzed by #-test. The comparison between groups
was analyzed by the Mann—Whitney U-test to check the
skewness distribution. The factors with statistically signif-
icant differences in infection after ECMO were further
analyzed by univariate analysis, and the independent risk
factors were analyzed by binary Logistic regression. The
ROC curve was used to analyze the predictive value of
independent risk factors for nosocomial infection after
ECMO, and to predict the optimal critical value, sensitiv-
ity and specificity of nosocomial infection after ECMO.
Area under ROC curve (AUC) closer to 1 indicates the
better diagnostic effect. AUC in 0.5-0.7 suggests low
accuracy, AUC in 0.7-0.9 suggests certain accuracy, and
AUC in 0.9 above suggests a high accuracy. p < 0.05
indicates the difference was statistically significant.

Results
Nosocomial Infection After ECMO

A total of 16 cases in 56 patients developed the nosocomial
infection after ECMO, with an infection rate of 28.57%. The
prevalence infection rate was 44.64%. Among 56 patients,
there were 33 males and 23 females. The main site of noso-
comial infection was located at lower respiratory tract infec-
tion (18 cases, 72.00%), followed by blood infection (3
cases, 12.00%). The distribution and constituent ratios of
nosocomial infection sites are listed in Table 1.

Distribution of Pathogens

A total of 53 strains of pathogens were detected in patients
with ECMO postoperative infection, which were mainly
Gram-negative bacteria (45 strains, 84.91%) and fungi (8
strains, 15.09%). The majority of gram-negative bacteria
were Acinetobacter baumannii (15 strains, 28.30%) and
Klebsiella pneumonia (8 strains, 15.09%), and the majority
of fungi were Candida albicans (3 strains, 5.66%) and
Candida glabrata (3 strains, 5.66%). No Gram-positive
bacteria were detected (Table 2).

Drug Resistance of Main Pathogens
Gram-negative bacteria mainly included Acinetobacter bau-
mannii and Klebsiella pneumonia. The resistance rate of

Table | Distribution and Constituent Ratio of Nosocomial
Infection Site
Infection Site Infection Case Constituent
Numbers Ratio (%)
(n=25)
Lower respiratory tract 18 72.00
Blood 3 12.00
CAUTI | 4.00
Surgical site I 4.00
Antibiotic-associated diarrhea | 4.00
Pleural cavity | 4.00

Note: Antibiotic-associated diarrhea: diarrhea related to the intestinal dysbacter-
iosis, which caused by antibiotics.
Abbreviation: CAUTI, catheter-associated urinary tract infection.

Table 2 Distribution of Nosocomial Infection Pathogens Species

Pathogens Strains Constituent
(n=53) Ratio (%)
Gram-negative bacteria 45 84.91%
Acinetobacter baumannii 15 28.30%
Klebsiella pneumoniae 15.09%
Enterobacter cloacae 5 9.43%
Stenotrophomonas maltophilia 4 7.55%
Citrobacter 3 5.66%
Other Gram-negative bacteria 10 18.87%
Fungi 8 15.09%
Candida glabrata 3 5.66%
Candida albicans 3 5.66%
Candida tropicalis | 1.89%
Candida gaulli | 1.89%

Acinetobacter baumannii to antibacterial drugs was more
than 65%, and the resistance rate to piperacillin and minocy-
cline was 100%. The resistance rate of Klebsiella pneumonia
to monoamidocyclines, carbapenems, aminoglycosamines
and quinolones was less than 25%, and the drug resistance
rate to Cefoperazone/sulbactam was 0 (Table 3). The fungi
were mainly Candida albicans and Candida glabrata, with
high sensitivity to common antifungal agents (Table 4). All
the patients in this study who had multi-drug resistant strains
isolated did not accept a long-term application or extensive
previous antimicrobial exposure.

Risk Factors Analysis

By using the univariate analysis, the results showed that the
time of ECMO treatment, hospitalization, antibacterial drug
use, ventilator use, catheter intubation and central venous
intubation were significantly different in the study and the

Infection and Drug Resistance 2021:14

https:

2405

Dove:


https://www.dovepress.com
https://www.dovepress.com

Li et al

Dove

Table 3 Antimicrobial Resistance of Major Gram-Negative Bacteria

Antibacterials Acinetobacter baumannii (n=15) Klebsiella pneumoniae (n=8)
Detected Resistant Resistance Rate (%) | Detected Resistant | Resistance Rate (%)
Piperacillin 2 2 100.00 8 5 62.50
Piperacillin/tazobactam 15 12 80.00 8 | 12.50
Ampicillin/sulbactam I5 12 80.00 8 4 50.00
Cefoperazone/sulbactam 6 5 83.33 3 0 0.00
Ceftazidime I5 12 80.00 8 | 12.50
Cefepime I5 12 80.00 8 | 12.50
Cefuroxime - - - 8 5 62.50
Cefazolin - - - 8 5 62.50
Cefatriaxone 14 I 78.57 8 5 62.50
Cefotetan - - - 8 [ 12.50
Aztreonam - - - 8 [ 12.50
Meropenem 15 12 80.00 8 [ 12.50
Imipenem 15 12 80.00 8 [ 12.50
Minocycline | | 100.00 - -
Tobramycin 14 I 78.57 8 | 12.50
Gentamicin 15 12 80.00 8 2 25.00
Amikacin 3 2 66.67 6 [ 16.67
Ciprofloxacin 12 9 75.00 8 2 25.00
Levofloxacin I 8 72.72 8 | 12.50
Sulfamethoxazole/trimethoprim 14 I 78.57 8 4 50.00
Note: - denotes no drug sensitivity test or natural drug resistance.
Table 4 Antimicrobial Resistance of Major Fungi
Antimicrobial Agents Candida albicans Candida glabrata
Detected Resistant Resistance Rate (%) Detected Resistant Resistance Rate (%)

Voriconazole 0 0.00 3 | 333
Fluconazole 0 0.00 3 | 333

control group (p < 0.05) (Table 5). The above influencing
factors screened out by univariate analysis were subjected to
multivariate analysis, and it was found that ECMO treatment
time was an independent risk factor (Table 6).

ROC curve analysis represented that the AUC value of
ECMO treatment time to predict nosocomial infection
after ECMO was 0.840 (95% CI 0.720-0.959, p <
0.0001); the sensitivity was 0.553; and the specificity
was 0.938; the maximum Youden’s index was 0.490. The
corresponding cut-off value was 4.5 days, which means
that the risk of related nosocomial infection was increased
when ECMO treatment time exceeded 4.5 days (Figure 1).

Discussion
In recent years, as ECMO technology rapidly develops in
China, its technology, theory and practice are maturing. At

present, ECMO technology has been carried out in many
general hospitals; however, the prevention measures for its
complications are still lacking experience due to various
restrictive factors. During the ECMO support treatment of
patients with severe cardiopulmonary failure, bacterial
infection can prolong the time of ECMO and mechanical
ventilation, and then increase the complication incidence,
thus affecting the prognosis and mortality of patients with
ECMO support treatment.'®

During the treatment of ECMO patients, timely local
strategies should be made to prevent nosocomial infections.
In our clinical practice, the decision of experts from multi-
ple departments including infectious diseases, microbiol-
ogy, infectious disease control, critical care, respiratory,
pharmacy and others have been collected to make the stra-
tegies of medication, infection prevention and infection
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Table 5 Univariate Analysis of the Nosocomial Infection in the Patients After ECMO

General Information Non-Infection Group (n=40) Infection Group (n=16) X%z P
Cases Constituent Ratio (%) Cases Constituent Ratio (%)
Gender Male 25 62.50 8 50.00 0.738 0.390
Female 15 37.50 8 50.00
Age 47.43+15.09 51.13x13.18 —0.86 0.40
Hypertension No 26 65.00 10 62.50 0.031 0.850
Yes 14 35.00 6 37.50
Diabetes No 34 85.00% 12 75.00% 0.779 0.377
Yes 6 15.00% 4 25.00%
Treatment mode VA 37 92.50% 15 93.75% 0.027 0.870
'A% 3 7.50% | 6.25%
Installation Incision 17 42.50% 10 62.50% 1.831 0.176
Puncture 23 57.50% 6 37.50%
Discharge mode Normal 34 85.00 15 93.75
Death 6 15.00 | 6.25
ECMO treatment time” 4.00 (3.00~ 6.00) 9.50 (5.25~12.50)) —3.94% <0.001
Hospitalization time” 15.50 (7.00~ 23.00) 55.50 (21.25~83.75) —3.52% <0.001
Antibacterial drug use time# 8.00 (5.00~17.00) 30.50 (13.25~55.25) -3.87*% <0.001
Ventilator use time™ 3.00 (1.25~6.00) 11.00 (3.00~24.50) —2.79* 0.005
Catheter intubation time” 7.00 (4.00~11.00)) 21.50 (11.00~49.00) —4.26* <0.001
Central venous intubation time 6.58+5.01 25.00+17.70 —6.08* <0.001

Note: *Denotes p < 0.05; *Denotes non-normal distribution after SK normality test.

Table 6 Multivariate Analysis of the Nosocomial Infection in the Patients After ECMO

Related Factors B SE Wald OR Value 95% ClI P value
Value
Length of stay in the same period —0.01 0.02 0.34 0.99 0.96 1.02 0.56
Days of ECMO treatment 0.36 0.17 4.38 1.44 1.02 2.02 0.04
Days of antibiotic use 0.08 0.09 0.74 1.08 0.91 1.28 0.39
Days of ventilator use 0.06 0.11 0.30 1.06 0.85 1.33 0.59
Days of central venous intubation 0.11 0.14 0.64 .11 0.86 1.45 0.42
Days of catheter intubation —-0.03 0.11 0.06 0.98 0.79 1.20 0.81

Abbreviations: B, regression coefficient; SE, standard error; OR, odds ratio; Cl, confidence intervals; ECMO, extracorporeal membrane oxygenation.

control. Aditya et al'* evaluated the impact of an initial
ECMO antimicrobial prophylaxis protocol (antimicrobials
with a broader spectrum of activity) on antimicrobial use
and NHSN reportable infection rates, the results showed
that this multidisciplinary team-based approach to antimi-
crobial stewardship can significantly reduce antimicrobial
prophylaxis and overuse in ECMO patients without
increased risk of nosocomial infection. Therefore, it is
extremely important to understand the related nosocomial

infection after ECMO to prevent nosocomial infection
occurrence. In the present study, 16 cases developed the
nosocomial infection after ECMO, with an infection rate of
28.57%, which is similar to the previous studies reporting
that the infection incidence during ECMO is 20.5%-
35.0%,'%1217 while our result is lower than the nosocomial
infection rate of 40.62% evidenced by Wang et al.'®

In this study, the main site of nosocomial infection

after ECMO was located at the lower respiratory tract
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Figure | (A) Critical value of ECMO treatment time for predicting the risk of nosocomial infection after ECMO; (B) ROC curve analysis of the predictive value of ECMO

treatment time on related nosocomial infections after ECMO.

infection, which was consistent with the results of pre-
vious studies.'® ! However, there is a study showing that
the nosocomial infections of patients after ECMO support
treatment are mainly bacteremia, followed by respiratory
tract infection and urinary tract infection.?” This difference
may be caused by individual characteristics, including
population and preventive measures. We found that the
rate of lower respiratory tract infection is much higher
than in other parts. The use of the ventilator and retaining
the tracheal cannula or incision may destroy the defense
mechanism of the body; then, the gas can directly enter the
lower respiratory tract, making the patient prone to lower
respiratory tract infection. Therefore, it is necessary to
timely assess the patient’s condition and remove the can-
nula as soon as possible. Besides, no correlation was found
between the age and infection risk in this study, which
may be due to the fact that only adults were included in
this study and the patients were mostly young.

In this study, 53 strains of pathogenic bacteria were
detected in patients with nosocomial infection. Gram-
negative bacteria were accounted for 84.91%, and most of
them were Acinetobacter baumannii and Klebsiella pneumo-
nia. The above findings were in line with the results of
a previous study, which indicated that Acinetobacter bau-
mannii and Klebsiella pneumonia were the most common
pathogenic bacteria.'® This study revealed that Acinetobacter
baumannii mainly came from sputum samples, which was in
accordance with a relevant domestic study,” and it may be
due to that sputum-contained nutrient can provide a good

living environment for strains. Furthermore, the resistance
rate of Acinetobacter baumannii to carbapenems was notably
higher than the national average of 56.1%.%* Amaya-Villar
et al*® reported that polymyxins are the antimicrobials with
the greatest level of in-vitro activity; Colistin is the antimi-
crobial most widely used; however, the side effect of renal
toxicity needs to be considered. Moreover, Ceﬁderocol,26
a novel cephalosporin active against A. baumannii, may
represent an attractive therapeutic option if ongoing clinical
trials confirm preliminary results.

It has been reported that Klebsiella pneumonia shows
high resistance to B-lactam antibiotics.>” Our results pointed
that the resistance rate of Klebsiella pneumonia to carbape-
nems was higher than the national average of 10.1%.**
Klebsiella pneumonia is naturally resistant to ampicillin; in
addition to that, Klebsiella pneumonia exhibits a high resis-
tance rate to piperacillin, cefuroxime, cefazolin and
ceftriaxone,”® but the resistance rate to Cefoperazone/sulbac-
tam was the lowest. The province where our hospital located
is the top five provinces of the national economy, and our
hospital is the biggest first-class comprehensive hospital in
this province, all the ECMO treatment was performed in the
ICU department, which may lead to a relatively higher resis-
tance rate level of Acinetobacter baumannii to carbapenems,
compared to the national average. Timely understanding of
pathogen distribution and drug resistance in patients with
nosocomial infection, and understanding of the standardized
treatment of Gram-negative bacilli infection can help to
adjust the types and dosages of antibiotics according to the
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drug sensitivity results. The application of antibiotics, sup-
plemented by active support treatment, can minimize and
alleviate the generation of drug-resistant bacteria, which is
conducive to disease treatment and control. However, Juthani
et al*® considered that nosocomial infections have no effect
on survival in adult ECMO patients, and the presence of
either antibiotics or infection before ECMO does not affect
developing nosocomial infections while on ECMO. Hence,
further investigation is needed to fully elucidate the
difference.

This study identified that ECMO treatment time was an
independent risk factor. Moreover, the risk of infection will
increase if ECMO treatment time exceeds 4.5 days. Similar
results are reported by Tan et al.>* During the period of
ECMO support treatment, invasive operations (such as
intravenous intubation, tracheal intubation, and catheter
intubation) are susceptible and high-risk factors. Patients
with ECMO support are mostly in a high-stress state,
which can easily lead to systemic inflammatory reactions
and reduced immunity. With the extension of intubation
days, bacteria breed and pathogen numbers increase, thus
causing nosocomial infection. Patients with ECMO support
treatment should be weaned in time when the condition

permits.>' Wang et al**

demonstrated that nosocomial pneu-
monia during ECMO was associated with ventilator support
duration before ECMO weaning, suggesting that medical

history should be carefully considered.

Conclusion

In conclusion, according to the risk factors of nosocomial
infection after ECMO, corresponding measures should be
performed to control the occurrence of nosocomial infec-
tion. The aseptic operation should be strictly carried out,
routine maintenance should be standardized, antibiotics
should be reasonably used, and the patient’s condition
should be timely monitored. Patients receiving ECMO
treatment for more than 4.5 days, have a higher risk of
infection, who should be withdrawn from the machine and
extubated if the condition permits to reduce the incidence
of related nosocomial infection. In the follow-up study,
multi-center will be combined to obtain sufficient samples
and higher evidence results, and whether laboratory indi-
cators have an impact on ECMO postoperative infection
will be studied in the future.
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