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Part 1: basic contents of the project
Project title

Expert consensus on the use of antibacterial drugs in
thoracic surgery.

Aim and contents

By establishing an expert consensus in this field, this study
aims to develop a guide and uniform standard on the
prophylactic and therapeutic use of antibiotics in clinical
settings. This expert consensus aims to cover all the diseases
that can be treated by antibacterial drugs in the thoracic
surgery departments.

Main issues

This document is developed to address the nonstandard
issues that may be encountered during the clinical use of
antibacterial drugs.

Part 2: background, status quo, and main
research implications of the project

Early in the 19th century, Pasteur and many other
microbiologists had found that the occurrence and spread
of some diseases were caused by microorganisms. However,
in an era without any antibiotic drug, the infectious diseases
raged on and claimed the lives of millions of people. For
these tiny organisms that could only be seen under a
microscope, people could do nothing. In 1928, Alexander
Fleming’s discovery of penicillin radically changed the
fate of human civilization. It put an end to the history that
there was no cure for infectious diseases and heralded the
advent of antibiotics. It has been widely recognized as the
third most important invention during the World War
II, next only to the atomic bomb and radar. A variety of
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antibiotics have emerged in the following decades since,
saving numerous lives. Today, infectious diseases are no
longer as dreadful as they were in most countries and
areas (1). However, along with the wide use and abuse
of antibiotics, bacterial resistance has become a global
concern. Early in the 19th century, Darwin indicated that
creatures change to adapt to their environment to survive
and thrive. His argument has been further confirmed by
the changes in susceptibility of bacteria to antibiotics after
decades of antimicrobial use. At present, bacterial resistance
to antibiotics has gradually developed from the single-drug
resistance to multiple-drug resistance; furthermore, these
drug-resistant bacteria, once mainly seen in hospitals, have
spread into communities via different manners (2). Once
the speed of resistance development is faster than new drug
research & development, there will be no drug to control a
specific bacterial infection. Take the evolution of bacterial
resistance mediated by beta-lactamases as an example: the
initially non-beta-lactamase-producing drug-susceptible
bacteria have evolved into ultra-broad spectrum beta-
lactamases- producing bacteria that are highly resistant to
carbapenem (3). Pan-drug resistance has become a major
threat to public health security.

The National Drug Resistance Report 2015 of China (4)
revealed that 2,400,786 distinct bacterial strains [including
695,066 gram-positive strains (28.9%) and 1,705,720
gram-negative strains (71.1%)] were reported in 1,143
eligible hospitals (including 272 secondary hospitals and
871 tertiary hospitals). The top five gram-positive bacteria
were Staphylococcus aureus (32.2%), Staphylococcus epidermidis
(12.8%), Enterococcus faecalis (9.7 %), Streptococcus pneumoniae
(9.3%), and Enterococcus faecium (8.9%). The top five gram-
negative bacteria (GNB) were: Escherichia coli (29.9%),
Klebsiella pneumoniae (19.8%), Pseudomonas aeruginosa
(12.9%), Acinetobacter baumannii (10.7%), and Enterobacter
cloacae (4.3%). The top three specimen sources were sputum

(41.4%), urine (15.6%), and blood (9.4%). According to the
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monitoring data on bacterial drug resistance in China in
the past four years, the detection rate of imipenem-resistant
Acinetobacter bawmannii was 58.0% in 2015, which showed a
dramatic rise than that (45.8%) in 2012 and was also higher
than that (54.5%) in 2014; the detection rate of imipenem-
resistant Klebsiella pneumoniae was 6.8% in 2015, which was
notably higher than that (4.8%) in 2014; the detection rate
of cefotaxime-resistant Escherichia coli showed no remarkable
change between 2015 (60.3%) and 2014 (60.0%); the
detection rates of other drug-resistant bacteria such as
imipenem-resistant Escherichia coli, methicillin-resistant
Staphylococcus aureus, vancomycin-resistant Enterococcus
faecium, penicillin-resistant Streptococcus pneumoniae, and
imipenem-resistant Pseudomonas aeruginosa were relatively
stable.

For instance, among the 10,502 distinct bacterial strains
detected in Peking Union Medical College Hospital
(PUMCH) in 2015, the nine most common bacteria
were Escherichia coli (15%), Pseudomonas aeruginosa
(9%), Acinetobacter baumannii (9%), Klebsiella pneumoniae
(9%), Staphylococcus aureus (8%), Enterococcus faecalis
(5%), Enterococcus faecium (3%), Candid albicans (3%),
and Enterobacter cloacae (2%). The 3,324 bacterial strains
detected in the respiratory tract included Pseudomonas
aeruginosa (20%), Acinetobacter baumannii (20%),
Kilebsiella pneumoniae (13%), Staphylococcus aureus (8%),
Stenotrophomonas maltophilia (4%), Haemophilus influenzae
(4%), Aspergillus fumigatus (3%), Escherichia coli (3%),
Enterobacter cloacae (3%), and Streptococcus pneumoniae
(2%). Acinetobacter baumannii was extensively drug-
resistant and its susceptibility to tigecycline was only 55%.
The susceptibilities of Staphylococcus aureus to penicillin
or erythromycin were only 10-30%. The other isolated
microorganisms included carbapenem-resistant Escherichia
coli (n=32), carbapenem-resistant Klebsiella pneumonia
(n=147), carbapenem-resistant Acinetobacter baumannii
(n=733), carbapenem-resistant Pseudomonas aeruginosa
(n=198), vancomycin-resistant enterococci (n=33),
methicillin-resistant Staphylococcus aurens (n=211), ESBL-
positive Escherichia coli (n=849), ESBL-positive Klebsiella
pneumoniae (n=180), and fungal infections (n=813) (5). In
recent years, although the overall procurement volume of
antibacterial drugs has not increased remarkably, the usage
structure of these drugs has dramatically changed. The
procurement volumes of 6 classes of antibacterial drugs
(the first-, second-, and third-generation cephalosporins,
nitroimidazoles, aminoglycosides, and glycopeptide) have
shown a decline; in particular, the procurement volumes
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of the first- and second-generation cephalosporins have
decreased by over 20%. The antibacterial drugs with a
procurement volume that has increased over 20% included
amphenicols, antifungal agents for treating superficial
infections, sulfonamides, tetracyclines, lincomycin,
carbapenem, fourth-generation cephalosporins, macrolides,
and penicillin/penicillinase inhibitors. The increase of
the procurement volume was particularly obvious for the
first three drugs listed (6). Consequentially, the pattern of
bacterial resistance has changed significantly.

China is one of the countries with severe abuse of
antibiotics. According to the World Health Organization,
antibiotics are used in as high as 80% of hospitalized
patients in China, which is far higher than the international
level (30%). Also, according to the Survey on Safe Drug Use
among the General Public 2012 released by the China Food
and Drug Administration (CFDA), nearly 40% of residents
stored antibiotics in their home, 23.9% of residents chose
to use antibiotics after a common cold, and only 40.1% of
residents read the adverse reaction and cautions on package
inserts and labels before using the drugs. Thus, drug abuse
(in particular antibiotic abuse) remains an extremely severe
issue in China. On August 11, 2010, an article in Lancet
indicated that some bacteria with extraordinary antibiotic
resistance have caused some relevant cases in In South
Asia, Europe, and America and killed a few victims (7). On
October 26, 2010, the Chinese Center for Disease Control
and Prevention (China CDC) announced that three
patients with New Delhi metallo-fi-lactamase (NDM)-1-
positive bacteria had been identified for the first time in
China. On April 7, 2011, WHO marked the World Health
Day on the theme “Antimicrobial resistance: no action
today, no cure tomorrow”. On April 18, 2011, the office
of the Ministry of Health of China issued the Notification
on Special Rectification Activities for the Clinical
Application of Antibacterial Drugs, with an attempt to
further strengthen the management of clinical application
of antibacterial drugs in medical institutions, promote
the rational use of antibacterial drugs, effectively control
antimicrobial resistance, and thus ensure health care quality
and patient safety. On May 6, 2011, the National Health
and Family Planning Commission (formerly the Ministry
of Health) kicked off these special rectification activities,
which lasted three years (from 2011 to 2013); meanwhile,
the commission released the Antibacterial Drugs Special
Rectification Activity Protocol (for the years of 2011, 2012,
and 2013) and the Administrative Measures for the Clinical
Use of Antibacterial Drugs (come into effect after August

F Thorac Dis 2018;10(11):6356-6374



Journal of Thoracic Disease, Vol 10, No 11 November 2018

1, 2012), which has achieved initial success. Monitoring
in recent years has shown that the pathogen proportions
and drug resistance of various infectious diseases in China
have changed dramatically. Thus, the National Health
and Family Planning Commission established a task force,
headed by Dr. Nanshan Zhong, to revise the “Guiding
Principles of Clinical Application of Antibacterial Drugs”
[Methodist Medical (2004) No. 285] issued in 2004 after in-
depth research and extensive consultations. Based on these
efforts, now the “Guiding Principles of Clinical Application
of Antibacterial Drugs (2015 version)” are hereby
promulgated to implement, so as to further standardize the
clinical application of antibacterial drugs.

Currently the use of antibacterial drugs in the
departments of thoracic surgery remains unstandardized,
irrational, and controversial. The development of the
expert consensus on the use of antibacterial drugs in this
field was based on the following two considerations: first,
the incidence of antimicrobial resistance has shown a rising
trend worldwide; and second, the standardized clinical
use of drugs will provide relatively uniform standards for
the prophylactic and therapeutic use of antibiotics in the
department of thoracic surgery, so as to instruct the thoracic
surgeons to rationally use antibiotics; thus, it may help to
address the nonstandard/irrational use of antimicrobial
drugs in this discipline and thus reduce or delay the
development of bacterial resistance.

Part 3: main conclusions and recommendations

According to the notification on the implementation of the
“Guiding Principles of Clinical Application of Antibacterial
Drugs” [Methodist Medical (2004) No. 285] issued by the
Ministry of Health, the State Administration of Traditional
Chinese Medicine, and the Health Department of PLA
General Logistics Department, the basic principles of the
prophylactic and therapeutic use of antimicrobial drugs are
as follows:

Basic principles of the prophylactic use of antimicrobial
drugs

Antimicrobial prophylaxis in surgery

Aim

To prevent post-operative incision infection, surgical site
infection (SSI) following a clean-contaminated surgery
or a contaminated surgery, and/or any possible systemic
infection.
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Basic principles

A decision on the antimicrobial prophylaxis should be made
based on any contamination or possible contamination in
the surgical field.

(I) Clean surgeries

The surgical field is in human sterile area, which has
no local inflammation or injury and does not involve
organs (e.g., respiratory tract, digestive tract, urinary and
reproductive tract) that connect with the outside world.
If the surgical field is not contaminated, antimicrobial
prophylaxis is often not needed. However, it may be
considered in the following conditions: (I) the surgery
has wide range, long duration, and thus increased risk of
contamination; (II) the surgery (e.g., skull surgery, cardiac
surgery, and intraocular surgery) involves vital organs and
may cause severe outcomes once an infection occurs; (I1I)
implantation of foreign bodies such as prosthetic heart valve
implantation, placement of permanent cardiac pacemaker,
and prosthetic joint replacement; and (IV) surgeries
performed in high-risk populations such as the elderly or
immunocompromised persons.

(IT) Clean-contaminated surgeries

Surgeries performed in the upper and lower respiratory
tract, upper and lower digestive tract, or urogenital tract;
or, surgeries (e.g., major surgeries via oropharyngeal cavity,
transvaginal hysterectomy, and transrectal prostate surgery)
performed via the above organs; or, surgeries for open
fractures or trauma. Since these surgical sites are colonized
by large numbers of a variety of bacteria, the surgical field
may be contaminated during the surgery and thus cause
infections. Therefore, antimicrobial prophylaxis is needed
for these surgeries.

(IIT) Contaminated surgeries

During such operations, excessive overflow of body
fluids from gastrointestinal tract or open wounds without
debridement may cause the severe contamination of the
surgical field. Thus, antimicrobial prophylaxis is needed for
these surgeries.

(IV) Selection and administration of drugs for
antimicrobial prophylaxis in surgery

The selection of antimicrobial drugs should be based on
the aim of prophylaxis. Drugs against Staphylococcus
aureus (S. aureus) should be selected to prevent
postoperative SSI. For the purpose of preventing
SSI or systemic infection, drugs against surgical field
contamination or possible contaminating bacteria
should be selected. For instance, antimicrobial drugs
that are effective for E. coli and B. fragilis should be
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selected before a colon and rectal surgery. The selected
antimicrobial drugs should have proven efficacy safe, easy
to use, and relatively cheap.

(V) Drug administration

For patients undergoing a clean surgery, the drugs should be
administered 0.5-2 h before surgery or upon the initiation
of anesthesia, so that the drug concentrations in local tissues
can be sufficiently high to kill bacteria contaminating the
incisions during the surgery. If the operation lasts more than
3 hours or has massive blood loss (>1,500 mL), a second
dose of the antimicrobial drug may be applied. The effective
coverage time of the antimicrobial drug should include the
whole surgical process and 4 hours after the end of surgery.
The overall duration of the prophylaxis should be no more
than 24 hours (may be extended to 48 hours in individual
cases). For clean surgeries with relatively short surgical
duration (<2 hours), one dose of preoperative medication
may be adequate. In patients receiving clean-contaminated
surgeries, the duration of antimicrobial prophylaxis in
surgery may also be 24 hours (may be extended to 48 hours
if necessary). For contaminated surgeries, the duration of
antimicrobial prophylaxis may be extended appropriately.
In patients with preoperative infections, the duration of
antimicrobial use may be based on the therapeutic use.

Basic principles of the therapeutic use of antimicrobial
drugs

In patients with bacterial infections, antimicrobial
drugs may be used only if indicated

Antimicrobials are only indicated if a diagnosis of
bacterial infection is initially made based on symptoms,
signs, and laboratory findings (blood and urine tests) or
is confirmed after pathogen testing. Antimicrobials may
also be indicated for infections caused by pathogenic
microorganisms such as fungi, Mycobacterium tuberculosis,
nontuberculous mycobacterium, mycoplasma, chlamydia,
spirochetes, rickettsia, and some protozoa. Antimicrobials
are not indicated in patients whose diagnoses cannot be
established due to the lack of the evidences supporting the
infections of a specific bacterium or the above pathogenic
microorganisms or in patients with viral infections.

After the early identification of pathogenic
microorganisms, the antimicrobials should be selected
based on the pathogen strains and the results of
antimicrobial susceptibility testing

In principle, the selection of antibacterial drugs should be
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based on pathogen strains and the results of antimicrobial
susceptibility testing (for drug sensitivity or resistance).
Therefore, in medical institutions with sufficient resources,
specimens should be immediately collected from the
inpatients for bacterial culture before the initiation
of antimicrobial therapy to confirm the pathogen and
antimicrobial susceptibility; for outpatients, antimicrobial
susceptibility testing may be performed according to the
disease conditions.

For critically ill patients, the most possible pathogen
may be speculated based on symptoms/signs, onset
setting, primary lesion, and underlying diseases before the
information on pathogenic bacteria and drug susceptibility
results becomes available. First attempting choice of
antimicrobial drug should be directed by the local historical
microbiological pathogenic records and drug resistance;
then, empiric therapy using antibacterial drugs may be
initiated based on local antimicrobial resistance. After the
results of bacterial culture and drug susceptibility testing
become available, the therapeutic regimen may be adjusted
for patients who respond poorly to the initial treatment.

Selecting antibacterial drugs according to the
antibacterial features of the drugs and their in vivo
action mechanisms

Different antibacterial drugs have different
pharmacodynamics (antimicrobial spectrum and
antimicrobial activity) and pharmacokinetics (absorption,
distribution, metabolism, and excretion of drugs) and thus
have different clinical indications. Based on the above
features of various antibacterial drugs, the clinicians shall
correctly select the antibacterial drugs based on the clinical
indications (see the “Indications and cautions of various
antibacterial drugs”).

Antibacterial regimens should be formulated according
to the disease conditions, pathogen types, and
antibacterial features

The antibacterial regimens (including antibacterial classes,
dosage, administration frequency, administration route,
treatment course, and combinations) should be established
according to the pathogen, infection site, severity of
infection, and physiopathological conditions of the patients.
Establishment of the therapeutic regimens shall follow the
following principles.

Selection of antibacterial products

The antibacterials shall be selected based on the results of
bacterial culture and drug susceptibility testing.
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Dosage

Antibacterials shall be administered according to their
therapeutic dose ranges. The dose of an antibacterial
shall be relatively high (upper limit of the dosage range)
for severe infections (e.g., septicaemia and infective
endocarditis) and infections at the sites where an
antibacterial can not easily reach (e.g., central nervous
system infections); on contrast, a small dose may be applied
(lower limit of the dosage range) for a simple urinary tract
infection because the concentrations of most drugs in urine
are far higher than blood drug concentrations.

Route of administration

(I) For patients with mild infection and feasible for
oral administration, antibacterials that can be
completely absorbed via oral routine shall be
selected and no intramuscular or intravenous
injection is needed. For patients with severe
infection or systemic infection, the intravenous
delivery should be applied during the initial
treatment to ensure the drug efficacy; after the
condition is improved and the oral administration
becomes feasible, an early switch from intravenous
to oral antibacterial is needed.

(II) ‘Topical application of antibacterial drugs should be
avoided: Antibacterial drugs locally applied on the
skin and mucous membrane are seldom absorbed
and can not reach the effective concentration in
the infected area; rather, they may easily cause
allergic reaction or lead to drug-resistant bacteria.
Therefore, topical application of antibacterial drugs
should be avoided for systemic infection or organ
infection. The topical use of antibacterial drugs
should only be allowed in rare cases; for instance,
if the target treatment concentration cannot be
reached in the infected site after systemic drug
administration, topical use of an antibacterial may
be feasible as an adjuvant therapy. An Acinetobacter
infection with chest wall cellulitis from a
thoracotomy infection: topical colistin can be
applied to the wounds. Infections in the outer layers
of the skin or on the mucosal surfaces (especially
oral and vaginal mucosal surfaces) can be treated
by the local or topical use of antimicrobial drugs;
however, topical use of drugs mainly for systemic
disease should be avoided. The topically used
drugs should be antimicrobial drugs that are less
irritating, not easy to absorb, not easy to develop
bacterial resistance, and not easy to cause allergic
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reaction. Penicillins, cephalosporins, and other
antibiotics that can easily cause allergic reaction
should not be topically applied. Ototoxic drugs
(e.g., aminoglycosides) should not be prescribed as
antibiotic eardrops.
Drug administration frequency
Drugs should be administered based on both
pharmacokinetics and pharmacodynamics with an attempt
to maximize the drug efficacy in human body and kill
pathogenic bacteria in the infection site. Penicillins,
cephalosporins, and other p-lactams, erythromycin, and
clindamycin having a short elimination half-life should be
administered multiple times per day. Fluoroquinolones and
aminoglycosides can be administered once daily (sometimes,
this cannot be applicable for patients with severe infections).
Treatment course
The treatment courses of antibacterial drugs vary due
to different infections. Typically the treatment should
continue 72-96 hours after the body temperature becomes
normal and the symptoms disappear. Special conditions
should be properly managed. However, pleural empyema,
sepsis, infective endocarditis, purulent meningitis, typhoid,
brucellosis, osteomyelitis, hemolytic streptococcal
pharyngitis and tonsillitis, deep mycoses, tuberculosis,
and other diseases require a longer treatment course for
achieving a thorough cure and preventing recurrence.
Combination of antibacterial drugs requires specific
indications
No drug combination is required if a single drug can
effectively treat an infection. Drug combination is only
needed in the following conditions:

(I) Severe infections with unknown causes,
including severe infections in patients with
immunodeficiency;

(II) Mixed aerobic and anaerobic infections (two or
more pathogens) that cannot be controlled by a
single antibacterial drug;

(III) Severe infections (e.g., infective endocarditis or
sepsis) that cannot be effectively controlled by a
single antibacterial drug;

(IV) Infections (e.g., TB and deep mycoses) requiring
long-term treatment but the pathogen can easily
develop antibacterial resistance to certain drugs;

(V) Due to the presence of synergistic antibacterial
activities, antibacterial drugs with higher toxicities
should be used at lower doses when the drugs
are used in combination. For instance, when
amphotericin B and flucytosine are used in
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combination to treat cryptococcal meningitis,
the dose of amphotericin B may be lowered to
reduce its toxic reactions. When drugs are given
in combination, drugs with synergistic or additive
antibacterial effects should be selected. For
example, penicillins, cephalosporins, other B-lactam
antibiotics may be used in combination with
aminoglycosides, whereas amphotericin B may be
combined with flucytosine. Two-drug combinations
are most commonly applied; combinations based
on three or more drugs are only required in less
common conditions (e.g., treatment of TB). It
is also notable that adverse drug reactions will
increase after antibacterial drugs are used in
combination.

Use of antibacterial drugs in thoracic surgery

SSI is a common nosocomial infection. The presence
of SSI increases the in-hospital mortality and prolongs
hospital stay. Preoperative antibiotic prophylaxis has
been well recognized as a useful strategy for lowering
the incidence of SSI. However, the optimal timing of
preoperative antibiotic prophylaxis has not been defined.
The most widely accepted view is: the time for antibiotic
prophylaxis is before the skin is cut open, i.e. two hours
before surgery; in addition, its effectiveness in preventing
SSI is better when the timing is closer to the skin incision.
Thus, currently the antibiotic prophylaxis is typically
performed 30 min before surgery.

Antibiotic prophylaxis is often not required for the
clean surgery; when it is applied, the indications, drug
selection, and treatment initiation and duration must be
strictly controlled. The drug administration must follow the
guiding principles for the clinical application of antibacterial
drugs. The first dose should be 0.5-2 hours before surgery
or at anesthesia induction; if the duration of surgery exceeds
3 hours or if the intraoperative blood loss is larger than
1,500 mL, a second dose can be applied during the surgery.
The overall duration of antibiotic prophylaxis usually lasts
no more than 24 hours but may be extended to 48 hours
in individual cases (8). Typically the second-generation
cephalosporins are selected for antibiotic prophylaxis.
Selection of the antibacterial drugs and the timing of drug
usage should be decided based on the disease conditions.
For suspected infections, corresponding microbiological
examinations need to be performed; if required, drug
susceptibility testing may also be conducted (8,9).
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Pharmaceutical notes (8)

(I) Antibiotic prophylaxis is contraindicated in
patients with a history of an allergic reaction to
cephalosporins of any kind and/or a history of
anaphylactic shock following penicillin use.

(II) Before the medication, any previous history of
allergy to cephalosporins, penicillins, or other
drugs should be inquired about in details. For
patients with a history of allergy to penicillin, other
B-lactam antibiotics, and other drugs, this kind of
drugs should be used with caution even when there
are clear indications. If allergic reaction occurs,
the medication must be stopped immediately. If
anaphylactic shock occurs, rescue treatment should
be provided immediately on the spot, along with
adrenaline administration and other treatments.

(IIT) This class of drugs is mainly excreted through
kidney. The dosage must be appropriately adjusted
according to kidney function in patients with
moderate or severe renal insufficiency.

Intraoperative antibiotic prophylaxis

()  Antibiotic prophylaxis in principle is not applied
in type I incision operations (surgeries that do not
involve esophagus, cardia, trachea, or bronchi)
such as substernal thyroid surgery, video-assisted
thoracoscopic (VATS) mediastinal tumor resection,
and mediastinoscopic biopsy; however, if planned
surgery duration is longer than 3 hours or if the
intraoperative blood loss is more than 1,500 mL, a
second antibiotic prophylaxis may be added.

(II) Preoperative antibiotic prophylaxis may be applied
for median sternotomy for mediastinal tumor
resection (surgeries that do not involve esophagus,
cardia, trachea, or bronchi), chest wall surgery, and
VAT'S pulmonary wedge resection.

(IIT) For the VAT lobectomy, the first dose has to be
administered 0.5-1 hours before surgery (before
the skin incision, at induction of anesthesia) or
when anesthesia begins; if the duration of surgery
exceeds 3 hours or if the intraoperative blood loss
is larger than 1,500 mL, a second dose can be
applied during the surgery. The overall duration
of antibiotic prophylaxis usually lasts no more
than 24 hours but may be extended to 48 hours in
individual cases. A special consideration has to be
taken into account in Uniportal VATS because the
drain remains in place across the wound. Experts
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V)

(VD)

recommend to maintain antibiotic prophylaxis
until the drain is removed. In patients with early
postoperative complications such as bronchopleural
fistula, significant pulmonary air leak, atelectasis,
and/or chylothorax, the duration of antibiotic
prophylaxis may be prolonged where appropriate.
Meanwhile, the reason for such prolonging should
be documented in medical records and the pleural
effusion specimen was collected for etiological
examinadon. If there are infecdon-related symptoms/
signs such as elevated body temperature/blood cell
amounts, empiric antibacterial treatment shall be
applied, along with blood culture, sputum culture,
and drainage culture. The drug use may be adjusted
after the drug susceptibility test results become
available.

For patients undergoing an open pulmonary wedge
resection or lobectomy, preoperative antibiotic
prophylaxis should be performed once, and the
postoperative antibiotic prophylaxis should be
administered for 48 hours (8). In patients with
postoperative complications such as bronchopleural
fistula, long-term pulmonary air leak, atelectasis,
and/or chylothorax, the duration of antibiotic
prophylaxis may be prolonged where appropriate.
Meanwhile, the reason for such prolonging should
be noted in medical records and the pleural effusion
specimen collected for etiological examinations.
For patients undergoing clean-contaminated
surgery (surgeries that involve esophagus, cardia,
trachea, or bronchi), preoperative antibiotic
prophylaxis should be performed once, and the
postoperative antibiotic prophylaxis should be
administered for 72 hours. For patients undergoing
surgery for removing esophageal leiomyoma
or for treating benign esophageal diseases such
as achalasia and hiatal hernia, the duration of
postoperative antibiotic prophylaxis should be no
more than 24 hours if the digestive tract mucosa is
not damaged during the surgery; however, if there
is intraoperative digestive tract mucosa damage,
the duration of postoperative antibiotic prophylaxis
should be prolonged accordingly.

The duration of postoperative antibiotic prophylaxis
may also be prolonged (in principle no more than
72 hours) in patients with susceptible underlying
diseases such as bronchiectasis, COPD, and
diabetes; the reason for prolonging antibiotic use
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should be noted in the medical records.
Drugs selected for antibiotic prophylaxis
(I) For pulmonary and mediastinal surgeries
In patients without underlying lung diseases, the
second-generation cephalosporins (e.g., cefuroxime
1.5 g q8h iv drip/iv/im), cephamycins (e.g., cefmetazole,
1-2 g q12h iv drip/iv) may be selected.

(i) For patient with underlying lung diseases such as
bronchiectasis, the third-generation cephalosporins
(e.g., ceftriaxone 1-2 g qd im/iv or 0.5-1 g q12h
im/iv), quinolones (e.g., levofloxacin 250-500 mg
iv drip qd and moxifloxacin 0.4 g iv drip qd) may
be selected; or, the drugs may be selected based on
the results of bacterial culture (sputum culture and/
or bronchoscopic brushing) and drug susceptibility
tests.

(i) For penicillin- or cephalosporin-allergic
patients, clindamycin and fluoroquinolones (e.g.,
levofloxacin 250-500 mg iv drip qd or moxifloxacin
0.4 g iv drip qd) may be selected.

(iii) For patients with a history of confirmed or
suspected old tuberculosis, fluoroquinolones (e.g.,
levofloxacin 250-500 mg iv drip qd or moxifloxacin
0.4 g iv drip qd) may be selected.

(II) For clean-contaminated surgery for esophagus and
cardia

(i) The second-generation cephalosporins (e.g.,
cefuroxime 1.5 g q8h iv drip/iv/im), cephamycins
(e.g., cefmetazole, 1-2 g ql12h iv drip/iv), or
the third-generation cephalosporins (e.g.,
ceftriaxone 1-2 g qd im/iv or 0.5-1 g q12h im/iv)
in combination with anti-anaerobic bacteria
agents (e.g., metronidazole: first dose: 15 mgrkg;
maintenance dose: 7.5 mg/kg q8h iv drip).

(i) For penicillin- or cephalosporin-allergic patients,
monotherapy with a broad-spectrum antibiotic
can be selected: aztreonam, quinolones (e.g.,
levofloxacin 250-500 mg iv drip qd), and
carbapenems (e.g., ertapenem 1 g qd iv drip/im).

Therapeutic use of antibiotics

() Empiric use of antibiotics (pathogens should be
identified via multiple tests in a timely manner,
along with drug susceptibility test):

(II) For infections unrelated to the digestive tract
(including infections in the lungs, pleura,
mediastinum, and chest wall): The second-
generation cephalosporins (e.g., cefuroxime
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0.75-1.5 g q8h iv drip/iv), cephamycins (e.g.,
cefmetazole, 1-2 g ql2h iv drip/iv), quinolones
(e.g., levofloxacin 250-500 mg iv drip qd), and
moxifloxacin hydrochloride tablets 0.4 g iv drip qd).

(III) In patients with signs/symptoms of infection (e.g.,
fever, purulent sputum, and elevated white blood
cells and neutrophils), broad-spectrum antibacterial
drugs (e.g., the third-generation cephalosporins or
fluoroquinolones) should be selected accordingly.

(IV) For infections related with digestive tract: The
third-generation cephalosporins (e.g., ceftriaxone
1-2 g qd im/iv or 0.5-1 g q12h im/iv, ceftazidime
4-6 g ql2h iv/iv drip), aztreonam (1-2 g q8h/q6h
iv/iv drip/im), carbapenems (e.g., ertapenem 1 g qd
iv drip/im), and combinations with beta-lactamase
inhibitors (augmentin for injection 1.2 g q8h iv/iv
drip; tazocin 4.5 g q8h iv/iv drip).

(V) For patients with a special infection, specific
drug treatment should be applied according to its
features. For instance, patients with accompanying
T'B should receive anti-TB treatment first.

After the results of pathogen tests and drug susceptibility
tests become available, more sensitive antibiotics should
be used instead; also, the duration of antibacterial drug use
should be prolonged and the drug types should be switched if
necessary.

Pharmaceutical notes

(I  Any history of drug allergies should be carefully
inquired about before medication administration.

(II) Before drug use, any possible effect of the drug
on liver and kidney functions should be taken into
consideration and the dosage should be timely
adjusted. Pay attention to the nephrotoxicity
and ototoxicity of aminoglycosides (8). When
quinolones are used in patients with renal
insufficiency, the dose should be lowered or
the duration of drug administration should be
prolonged based on creatinine clearance rate (8).

(III) Drug-drug interactions should be taken into
consideration. For instance, macrolides can
interact with methylprednisolone, theophylline,
carbamazepine, and warfarin.

(IV) Pay attention to the doses, timing, and
administration routes of drugs.

(V) Pay attention to the different applications of drugs
in children, pregnant women, and the elderly.

Cautions (9,10)
() For antibacterial drugs with a primary drug-
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resistance rate of higher than 30%, remind the
medical staff to pay attention to such drugs;

(II) For antibacterial drugs with a primary drug-
resistance rate of higher than 40%, use such drugs
cautiously;

(IIT) For antibacterial drugs with a primary drug-
resistance rate of higher than 50%, use such drugs
according to the results of drug susceptibility tests;

(IV) For antibacterial drugs with a primary drug-
resistance rate of higher than 70%, suspend the
clinical application of such a drug for the targeted
bacterium; whether the clinical use of such a drug
should be re-initiated should be based on the
results of drug susceptibility tests.

Part 4: main issues—ongoing controversies and
relevant research

Multidrug-resistant (MDR) bacteria

Emergence of MDR bacteria

Before 1940s, human beings are long waiting for a drug that
can effectively treat bacterial infections with neglectable
side effects. The discovery of penicillin greatly enhanced the
patient’s capability to fight against bacterial infections. Since
then, a large amount of antibiotics have been developed;
over a long period of time, these antibiotics have greatly
increased the cure rates of infections. However, antibiotic
abuse has become an increasingly severe issue along with
the wide use of antibiotics. About 50% of antibiotics are
abused each year around the world; in China this figure
even approaches 80%. Due to the abuse of drugs, bacteria
adapt quickly to antibiotics in the environment, resulting in
the emergence of various drug-resistant bacteria. Currently,
among ICU patients with severe infections, the common
pathogens of ventilator-associated pneumonia (VAP) include
extended-spectrum beta-lactamases (ESBLs), Klebsiella
pneumoniae carbapenemase (KPC), Stenotrophomonas
maltophilia Pseudomonas; and methicillin-resistant
Staphylococcus aureus (MRSA). The emergency of MDR
bacteria not only urges the research and development of
new antibiotics, but also provides a warning message for the
irrational use of antibiotics.

Status quo of management of MDR bacteria

If a MDR bacterial infection is highly suspected, antibiotic
use should be initiated immediately because any delay or
improper treatment will increase the morbidity or mortality.

However, only one third of VAP patients displayed the
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clinical manifestations of sepsis; in patients without any sign
of severe sepsis or septic shock and if gram staining showed
no microbes, the antimicrobial therapy may be postponed
till the culture reports become available.

According to current guidelines, antibiotics for the
empiric treatment of GNB include: the third-/fourth-
generation of cephalosporins, piperacillin/tazobactam,
and carbapenem combined with fluoroquinolones or
aminoglycosides. However, currently a high proportion of
GNB have become resistant to commonly used antibiotics.
As a result, there are very few antibiotics that can be used
for treating MDR bacterial infections.

New research findings and possible problems

Antibiotics for MDR-GNB

Carbapenems

Carbapenems have been used for many years. The
commonly used carbapenems include imipenem,
meropenem, and doripenem. They have similar
antimicrobial spectrum, although doripenem is most
effective for Pseudomonas aeruginosa (11). Currently the
possible improvement protocols include: (I) to extend
the infusion time of carbapenems. Research has shown
that the extended infusion protocol can achieve better
pharmacokinetics and improve the clinical outcome
of VAP (12,13). (II) Use of dual carbapenem therapy.
Literature has demonstrated that the dual carbapenem
therapies (ertapenem plus meropenem or doripenem) have
been explored in animal experiments. The KPC enzymes
prefer to bind ertapenem, which hinders the degrading of
doripenem or meropenem and thus facilitates the use of
such carbapenem. Currently this strategy has been applied
in VAP patients with KPC infection resistant to all drugs
with satisfactory outcomes (14).

Colistin

Currently, colistin is the most effective iz vitro treatment
for MDR-GNB (including Acinetobacter baumannii,
Pseudomonas aeruginosa, extended spectrum beta-lactamase
(ESBL)-producing Enterobacteriaceae, and carbapenem
enzyme-producing Klebsiella) (15); however, some GNB
including Proteus, Providencia, Morganella, and Serratia
marcescens may be resistant to colistin.

Although empiric treatment using the combination of
colistin and rifampicin has been applied in different GNB,
recent randomized controlled trials have shown that in
patients with VAP due to MDR Acinetobacter baumannii
or carbapenem-resistant Acinetobacter baumannii, such
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combination showed no significant difference with colistin
monotherapy (16). However, in vitro research has shown
that colistin plus glycopeptide is effective in treating
carbapenem-resistant Acinetobacter baumannii (17).

In a retrospective study on Acinetobacter baumannii,
we did not find that the combination of colistin and
glycopeptide was superior to colistin monotherapy; rather,
it increased the risk of renal failure (18). On the contrary,
a multi-center study revealed that, for infections caused by
different GNB, the duration of the combination therapy
(colistin plus glycopeptide) of less than 5 days was a
protective factor for the 30-day mortality (19).

Tigecycline

As a broad-spectrum antibiotic for anaerobic and aerobic
gram-positive and -negative pathogens (excluding
Pseudomonas aeruginosa and Proteus), tigecycline is
effective in treating Acinetobacter baumannii (including
some colistin-resistant strains) (20).

Tigecycline has been approved for the treatment
of abdominal infections and skin/soft tissue infections
(50 mg/12 h, with a loading dose of 100 mg); however,
this dosage is not high enough to reach the concentration
required for lung infection). A recent randomized phase
II trial has evaluated the clinical efficacies of two high-
dose protocols (tigecycline vs. imipenem/cilastatin) in
treating nosocomial pneumonia. Although the findings
were not conclusive due to small sample size, the dose
of 100 mg q12 with a loading dose of 200 mg achieved
the maximal clinical cure (21). Thus, in patients with
suspected highly resistant GNB infections, high-dose
antibiotics may be applied to avoid insufficient dose in
lung tissue; generally, according to our experiences, a
combination (with carbapenem or colistin) may be the
option of choice.

Fosfomycin

An old antibiotic, previously used for the treatment of
gram-positive and -negative bacterial infections, with small
toxicities; however, drug resistances can easily development
following monotherapy. A combination with other drugs
enables fosfomycin to be used for more infections, including
MDR VAP.

Due to the lack of effective alternate treatment,
fosfomycin has been applied in the treatment of extensively
drug-resistant (XDR) GNB, especially Klebsiella
pneumoniae and Pseudomonas aeruginosa. A series of
studies have reported that high-dose fosfomycin (24 g/d)
could achieve satisfactory response in VAP patients when
combined with other antibiotics.
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Antibiotics for gram-positive cocci

Teicoplanin

Teicoplanin may be an acceptable alternate drug for
pneumonia caused by MRSA. However, high-dose
teicoplanin need to be carefully administered (12 mg/kg
q12h for the first 48 hours, followed by 12 mg/kg on a daily
basis) to make the antibiotic level in lung tissue reach a
stable level (22). Teicoplanin is not recommended for VAP
because the dosage cannot be determined, the serum drug
level cannot be monitored, and there are several alternate
protocols such as vancomycin or linezolid.

Linezolid

Linezolid has better pharmacokinetic properties than
vancomycin. Two randomized double-blind study came
to the same conclusion: in one arm, the clinical cure and
survival rates of patients with VAP caused by MRSA were
significantly better in linezolid group than in vancomycin
group (23). A recent double-blind controlled clinical
trial revealed that, for pneumonia caused by MRSA,
although vancomycin could optimize the dose and
reduce renal toxicity, linezolid had higher clinical and
microbiological response rates (the latter had no statistical
significance) (24). For MRSA, however, the number of
cases clinically cured by tigecycline is smaller than the
expected number based on clinical trials (25). Thus,
tigecycline is not recommended for pneumonia caused by
MRSA, and a specific antibiotic is needed to fight against
this gram-positive bacterium.

Ceftaroline

Ceftaroline is a broad-spectrum cephalosporin against
gram-positive bacteria (including MRSA), whereas it
is also useful for some GNB including the commonly
seen pathogenic bacteria in the respiratory tract and
enterobacteriaceae. However, currently ceftaroline is
only approved for the treatment of acute bacterial skin
infections and community-acquired pneumonia. This
new cephalosporin has a promising role in the treatment
of VAP; however, currently no clinical data are available.
It should be combined with another antibiotic to cover
GNB such as Pseudomonas aeruginosa or ESBL-producing
enterobacteriaceae.

Aerosolized antibiotics

Aerosolized antibiotics can achieve higher drug
concentrations in lung tissue and reduce systemic injuries.
Although many antibiotics can be aerosolized, the most
commonly used aerosolized antibiotics are aminoglycosides
and colistin. The aerosolized colistin can increase the cure
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rate of pneumonia due to MDR-GNB and may be effective
and safe (26). In a retrospective study, the aerosolized
colistin was independently correlated with clinical cure
(OR, 2.53, 95% CI: 1.11-5.76), although the mortality
showed no significant change. However, some other
research concluded that the aerosolized and intravenous
colistin had no additional benefit for GNB-MDR VAP.
For aminoglycosides, several studies have demonstrated
the clinical values of tobramycin and kanamycin A sulfate
(amikacin).

Duration of antibiotic use

No consensus has been reached for the duration of
antibiotic treatment for MDR-VAP. In a randomized
controlled trial, adequate empiric antibiotic therapy was
applied in VAP patients and it was found that the case-
fatality rate was not significantly different between the
short-course (8 days) and the long-course (15 days) groups.
However, the recurrence rate was significantly higher
in patients with VAP caused by non-fermentative gram-
negative bacilli (such as Pseudomonas aeruginosa) (27).
Meta-analysis of four recent randomized controlled trials
also concluded that short-course antibiotic regimens are
sufficient for VAP; however, the duration for MDR-VAP
remained indefinite (28). A prospective study showed
that procalcitonin-based strategies (stop using antibiotics
when PCT <0.5 ng/mL or reduced by >80%) did not have
negative impact, although there was no definite assessment

on the MDR-VAP subgroup (29).

Drugs for the treatment of MIDR-tuberculosis (MDR-TB)
and possible problems

MDR-TB refers to the tuberculosis caused by
Mycobacterium tuberculosis isolates that are resistant to
isoniazid and rifampicin and may also become resistant to
other chemotherapy drugs. MDR-TB includes both primary
resistance (previously have not received anti-TB treatment
but have been infected with drug-resistant Mycobacterium
tuberculosis strains) and secondary resistance (e.g., the
patients have been infected with a drug-sensitive strain but
such a strain develops drug resistance during or after the
treatment). However, few controlled trials have explored the
MDR-TB treatment. The first-line drugs for drug-sensitive
T'B strains include isoniazid, rifampicin, ethambutol, and
pyrazinamide; the second-line drugs for drug-resistant
TB are mainly fluoroquinolones and aminoglycosides for
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injection; other less effective second-line drugs include
ethionamide, cycloserine, and aminosalicylic acid. Some
other drugs with less clinical data include clofazimine,
amoxicillin/clavulanic acid, linezolid, carbapenem,
thioacetazone, and clarithromycin. The main side effects
are liver and kidney toxicities. Now there are also some new
drugs, as represented by bedaquiline. Among 440 MDR-TB
patients enrolled in two phase II clinical trials, compared
with patients who had only received background regimens,
patients who had received bedaquiline in combination with
optimal background regimens had quicker sputum negative
conversion and high negative conversion rate (77.6% us.
57.6%) (30,31).

However, FDA approved bedaquiline with a black-
box warning, indicating that this drug may cause QT
prolongation and thus result in arrhythmia or death.
According to the data submitted to FDA, compared with
patients who had only received background therapy, patients
who had received bedaquiline combination were more likely
to die (11.4% vs. 2.5%); the most common cause of death
was T'B.

In October 2013, the US CDC issued interim guidance
on the use of bedaquiline, recommending that clinical expert
advice and directly observed therapy (DOT) should be used
as parts of the comprehensive case management strategy for
TB. The guidance also extended the use of bedaquiline in
patient populations that had not been included in clinical
trials and thus had not been approved by FDA; these
patient populations include children, pregnant women,
extrapulmonary MDR-TB patients, and patients with HIV
infection or other co-morbidities. According to CDC,
although the safety and effectiveness of bedaquiline in these
populations have not been demonstrated, bedaquiline still
can be used based on the specific conditions of the patients
when there is no other effective treatment regimen.

In 2014, 160 smear-positive adult MDR-TB patients
were randomly allocated to receive the second-line
background treatment plus bedaquiline (400 mg, qd, for
2 consecutive weeks; followed by 200 mg, three times per
week, for 22 consecutive weeks) or placebo (32). Most
patients were HIV-negative, and 43% of the screened
individuals were excluded due to some other factors (e.g.,
alcoholism, pregnancy, and prolonged QT interval).
Compared with the placebo group, the bedaquiline group
had significantly shorter time required for sputum negative
conversion (83 wvs. 125 days); also, bedaquiline group had
higher negative conversion rates in the 24th week (79%
vs. 58%) and in the 120th week (62% vs. 44%); however,
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the case-fatality rate was also higher in the bedaquiline
group, with unknown causes. These findings suggest that
bedaquiline may have a role in treating specific patients
with MDR-TB; however, more clinical trials are needed to
assess its death risks and efficacy in HIV carriers.

Other new drugs such as delamanid, which can inhibit
the synthesis of Mycobacterium tuberculosis, and PA-824,
which can sterilize the pathogen, have been developed.
However, the optimal combinations of these drugs in
clinical setting require further investigations.

Use of antifungal drugs

Fungal infection mainly occurs in immunocompromised
hosts, whereas neutropenia and use of glucocorticoids are
the most common predisposing factors. However, fungi
may also develop drug resistance. Along with the increase
of antifungal drugs, drug combinations and their roles in
fungal prevention and early treatment have increasingly
been recognized.

Combination therapy

Up to now the roles of combined antifungal therapies
have only been explored in patients who failed to respond
to initial treatment. However, the values of combined
antifungal therapies for initial treatment or salvage
treatment have not been well documented. Therefore, the
enhanced efficacies of drug combinations must be balanced
with the increased toxicities and their potential antagonistic

effects (33).

Prevention and early treatment

Up to now many favorable results have been obtained from
the randomized trials on the role of antifungal drugs in
preventing invasive aspergillosis; however, the preventive
measures themselves have potential pitfalls such as the
potential toxicities and drug interactions, drug pricing,
and the possible microbial drug resistance. In patients with
gastrointestinal mucositis and/or graft versus host disease
(GVHD), absorption of oral drugs is often difficult (34).
It is still not clear which patient populations might benefit
from the preventive treatment, which partially depends on
the patient characteristics and the epidemiology of invasive
fungal infections in the body. Preemptive antifungal
therapy, as an early treatment strategy, has been proposed
to be an alternative treatment for empiric therapy. For a
preemptive antifungal therapy, the antifungal therapy is
initiated based on the results of a series of screening for
aspergillosis. Ongoing randomized trials are exploring the
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value of preemptive antifungal therapy. Although a study has
suggested that the preemptive antifungal therapy only had
limited benefits, no definite conclusion has been drawn due
to limitations in study design. The safety and effectiveness
of preemptive antifungal therapy in patients with decreased
neutrophil is still unclear; therefore, preemptive antifungal
therapy is not recommended.

Medication-related problems in patients with abnormal
liver function

The use of antibiotics may be problematic in patients with
abnormal liver functions, in whom the following issues must

be addressed firstly.

Role of infection in the abnormal liver function

If liver function damage is caused by an infection, the
abnormal liver function is less important in the selection
of anti-infective drugs; while the selected highly specific
antibiotic may damage the liver, it may still be beneficial to
alleviate the abnormal liver function.

Influence of abnormal liver function on the
pharmacokinetics of antibiotics

Mechanisms via which the liver disease affects the
pharmacokinetics of antibiotics: (I) reduced hepatic drug
clearance; (II) decreased protein binding; (III) increased
drug distribution volume; (IV) altered absorption of oral
medications; and (V) inductive effect of some drugs on
hepatic drug-metabolizing enzymes.

These mainly include the following conditions:

(I)  For non-hepatotoxic drugs that are mainly secreted
through the kidneys, normal doses can be used in
patients with liver dysfunction. These antibiotics
include penicillin, aminoglycosides (gentamicin,
tobramycin, and amikacin), cefotaxime,
vancomycin, and colistin.

(II) For non-hepatotoxic drugs that are mainly cleared
via the liver, the clearance of the drug may slow
down or decrease in patients with liver dysfunction.
Thus, these drugs must be used with caution or
at a lower dose level. These antibiotics include
lincomyecin, clindamycin, and erythromycin
(excluding esterified erythromycin); the blood drug
concentration should be monitored if condition
allows.

(IIT) For drugs cleared via liver and kidneys, the drug
clearance can decrease in patients with liver
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dysfunction, along with increased blood drug
concentration. In patients with accompanying
kidney dysfunction, the increased blood drug
concentration can be more obvious, which can
easily cause liver damage. Such drugs may be
used at reduced doses. These drugs include
ureidopenicillins (including azlocillin and
mezlocillin) and cephalosporins (e.g., cefoperazone,
ceftriaxone, and cefotaxime).

(IV) For hepatotoxic drugs that are mainly cleared via
the liver, the decreased drug clearance in patients
with liver dysfunction can lead to toxic reactions.
These drugs include esterified erythromycin,
rifampicin, isoniazid, tetracyclines, sulfonamides,
chloramphenicol, amphotericin B, ketoconazole,
and miconazole.

Avoid using antibacterial drugs with high risk of liver
injury

[-lactam antibiotics

(D) Penicillin

Amoxicillin monotherapy can sometimes be mildly
hepatotoxic, whereas oxacillin, carbenicillin, and ticarcillin
can be associated with transient elevation of alanine
transaminase (ALT). The incidence of flucloxacillin-
related liver damage is about 1.8/100,000 or 2.6/100,000,
and the incidence of flucloxacillin-related jaundice is
about 3.6/100,000. Research has shown that the risk of
flucloxacillin-related jaundice increased in elderly patients
and patients who have used the drug for more than two
weeks.

(IT) Amoxicillin/clavulanic acid

The combination of amoxicillin and clavulanic acid can
significantly increase the risk of liver toxicity, and 13-23%
of drug-mediated liver injury is caused by amoxicillin/
clavulanic acid. Early diagnosis can be difficult because the
symptoms often appear later.

(III) Cephalosporins

Rare.

Macrolides

(I) Erythromycin

Erythromycin-induced liver injury was reported more than
40 years ago and has been reported in its various derivatives.
Recent studies have shown that the incidences of the liver
toxicities of erythromycin are similar to those of penicillin V.
(II) Clarithromycin

The risk of the liver toxicity of clarithromycin is similar to

F Thorac Dis 2018;10(11):6356-6374



Journal of Thoracic Disease, Vol 10, No 11 November 2018

that of erythromycin.

(III) Azithromycin

Rare. Rare cases with intrahepatic cholestasis have also been
reported.

Quinolones

(I) Ciprofloxacin

Few studies have explored the hepatotoxicity of
ciprofloxacin. Currently it is believed that the incidence of
its hepatotoxicity is low.

(II) Levofloxacin

Levofloxacin also has a low incidence of hepatotoxicity.
Clinical research has shown that less than 1% of patients
developed abnormal liver function after the use of
levofloxacin and the incidence of severe hepatotoxicity was
below 1/5,000,000 cases.

(IIT) Moxifloxacin

About 1-5% of patients may develop liver dysfunction
following the use of moxifloxacin; however, research has
shown that moxifloxacin almost has no risk of liver damage.
Sulfonamides

The hepatotoxicity of sulfonamides has already been
described. According to a study performed in British
populations, about 1/1000 of patients developed liver
toxicity after the use of sulfonamides, and thus sulfonamides
are among the most hepatotoxic drugs.

Tetracyclines

The hepatotoxicity of tetracyclines was reported 50 years
ago, which might be related with high-dose tetracycline use.
Unlike other antibiotics, the hepatotoxicity of tetracyclines
can be reproduced and predicted in animal models. Oral
tetracyclines in normal doses seldom cause hepatotoxicity
(about 1/1,800,000 cases).

Linezolid

Extended duration of treatment with linezolid can increase
the risk of severe liver failure and lactic acidosis, and liver
biopsy may reveal vesicular steatosis. These risks are due to
the effect of linezolid on mitochondria.

Special notes
(I Old age, pre-existing liver disease, concurrent
administration of other drugs, and excessive alcohol
consumption can increase the risk of drug-mediated
liver injury, although whether these factors may
increase the hepatotoxicity of antibiotics remains
unclear. In addition, although old age has been
regarded as a risk factor, children and adolescents
can also be affected by the same drug. The
concurrent administration of acetaminophen
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(paracetamol) may affect the activity of the drug.
The accompanying infection (in particular sepsis)
can often lead to cholestasis.

(II) The hepatotoxicity of antibiotics is often seen
after high-dose usage of these drugs; therefore,
dose escalation of antibiotics (with an attempt to
enhance efficacy) is associated with increased risk
of hepatotoxicity.

(III) After an antibiotic is withdrawn due to the increased
liver enzymes, the hepatotoxicity of the antibiotic may
also disappear, although some other factors may also
contribute to severe liver dysfunction.

(IV) Compared with the number of patients who have
used antibiotics, cases with antibiotic-induced liver
failure are rare.

Antibiotic use in patients with renal insufficiency

For patients with renal insufficiency, antibiotics with
relatively low renal toxicity should be preferred. If an
antibiotic with nephrotoxicity is required, a decreased
dose or extended medication interval may be applied. The
drug dose should be adjusted according to the degree
of renal impairment to achieve tailored medication. For
patients with renal insufficiency, the renal function should
be evaluated thoroughly before establishing a medication
regimen. The loading dose and maintenance dose should
be determined; typically, the loading dose is used for the
initial treatment, and then the dose is reduced. In kidney
failure patients with severe infection, potent and effective
antimicrobial treatment should be applied; during the
first treatment, pulse dose is applied to rapidly achieve
the effective drug concentration, followed by the use of
maintenance dose (35,36).

Penicillins

Penicillins are mainly secreted via kidneys, with rare
nephrotoxicity. Generally, adjustment of dosage or
extension of administration intervals is needed only when
the glomerular filtration rate (GFR) is below 20 mL/min.
In patients with renal failure, high-dose ampicillin can
cause convulsions, hematopoietic function disorders and
skin rashes, whereas penicillin G and oxacillin occasionally
can cause allergic interstitial nephritis. In patients with
renal failure, penicillin in urine can maintain the effective
antibiotic concentration; however, a large volume of
penicillin in urine, as ions difficult to absorb, may lead to
hypokalemic metabolic alkalosis.
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Cephalosporins

Many cephalosporins are mainly secreted via kidneys;
in patients with renal insufficiency, their half-lives
are remarkably extended and thus their doses need
to be adjusted. Cefaloridine treatment may result in
nephrotoxicity and should be avoided in patients with renal
insufficiency.

Aminoglycosides

Aminoglycosides are highly nephrotoxic and thus should
be used with caution in patients with renal insufficiency. If
they are required for specific conditions, it is important to
ensure sufficient kidney filling, strictly control the dosage,
avoid the concurrent use with the cephalosporin antibiotics
and/or diuretics, and avoid extended usage. Stop using
aminoglycosides once the renal damage worsens.

Chloramphenicol

Chloramphenicol is mainly metabolized via the liver.
However, its effect on bone marrow suppression remarkably
increases in patients with uremia; in such circumstance,
chloramphenicol should be used with caution.

Erythromycin

Erythromycin is mainly degraded via extra-renal route.
Thus, its dose needs to be adjusted in patients with renal
insufficiency.

Tetracyclines

Tetracyclines may aggravate uremia. If condition requires,
a semisynthetic tetracycline (doxycycline or minocycline)
that has been degraded outside the kidneys may be selected,
without adjusting its dose.

Quinolones

As revealed by previous studies, for respiratory tract
infection in patients with normal renal function to
moderately renal insufficiency, garenoxacin 400 mg/d
is appropriate; however, any dosage of garenoxacin is
not feasible for patients with severe renal insufficiency
(e.g., patients requiring hemodialysis). However, a recent
research demonstrated that in patients with severe renal
failure, garenoxacin 400 mg/d was effective for respiratory
tract infections caused by common bacteria, and there was
no severe adverse event (37).

Adjustment of the dosing regimen for patients with
renal impairment

Reducing the dose or extending the administration intervals
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can maintain the blood drug concentration within a certain
range, so as to avoid affecting the efficacy. No matter
how the regimen is adjusted, the first dose should be
administered using the normal dosage. Adjustment of the
dosing regimen is based on the severity of renal impairment
(mild, moderate, and severe); thus, the daily dose can be
reduced to 2/3-1/2, 1/2-1/5, and 1/5-1/10 of the normal
dose; alternatively, the dose can also be adjusted according
to blood drug concentration.
Table 1 shows the antibiotic dosage information (38).

Part 5: main protocols of further studies in our
current project

Solutions against MDR bacteria

(I) Research on the new targets of antibiotics against
MDR bacteria is particularly important.

(II) Combined antibiotic therapy remains the main
solution against MDR bacteria. However,
up to now few clinical studies have explored
these combinations and their findings remain
controversial; thus, multiple combinations should
be tested to obtain the most effective antibiotic
combination regimens against the MDR bacteria.

(III) Different administration routes should be investigated
to achieve the highest drug concentrations at the
infection sites.

(IV) Also, the proper antibiotic dosage and timing
should be explored to avoid the non-effective use of
antibiotics and lower the economic burden.

Prophylaxis

Although there is no official guidance on the specific peri-
operative antibiotic medications in the department of thoracic
surgery (excluding the heart), the peri-operative prophylaxis
for thoracic surgery should follow the Administrative Measures
for the Clinical Use of Antibacterial Drugs [Order of the
Ministry of Health (No. 84)] (the principles of prophylaxis
for surgical operations).

Prospect on anti-TB drugs and antifungal drugs

Combination therapy remains the optimal treatment for
MDR Mycobacterium tuberculosis infection. However, more
clinical evidence is required due to the lack of clinical research.
Meanwhile, R&D of new drugs cannot be widely carried out
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Table 1 Adjustment of antibiotic dosage based on the changes in renal function

Dosage adjustment based on different GFR in patients with renal

Classes Antiblotics In patients withl normal renal disease
function GFR >50 mL/min/  GFR 10-50 mL/min/  GFR <10 mL/min/
1.73 m’ 1.73 m’ 1.73 m’
Cephalosporins Cefixime 250 mg, bid 100% 75% 50%
Cefotaxime 19, qid Qid Bid or tid Qd
Cefotetan 1-2 g, bid 100% 50% 25%
Cefoxitin 1-2 g, tid or qid Tid Bid or tid Q(1-2)d
Cefpodoxime 200 mg, bid Bid Q16h Q(1-2)d
Cefprozil 500 mg, bid 250 mg, bid 250 mg, g(12-16)h 250 mg, qd
Ceftazidime 1-2 g, tid Bid or tid Q(1-2)d Q2d
Ceftibuten 400 mg, qd 100% 50% Qd
Ceftizoxime 1-2 g, bid or tid Bid or tid Qd or bid Qd
Cefuroxime sodium 0.75-1.50 g, tid Tid Bid or tid Bid
Cefalexin 250-500 mg, qid Tid Bid Q(1-2)d
Cefepime 0.25-2.00 g, tid Bid Q(16-24)h 50%, qd
Cefditoren 200-400 mg, bid 100% 50% 50%, qd
Cefdinir 300 mg, bid Bid Bid Qd
Cefazolin 0.5-2.0 g, tid Tid Bid Q(1-2)d
Cefadroxil 0.5-1.0 g, bid Bid Qd or bid Q(1-2)d
Cefaclor 250-500 mg, tid 100% 50-100% 50%
Aminoglycosides Amikacin 5 mg/kg, tid 60-90%, bid 30-70%, q(12-18)h 20-30%, q(1-2)d
Gentamicin 1.0-1.7 mg/kg, tid 60-90%, bid or tid 30-70%, bid 20-30%, q(1-2)d
Netilmicin 2 mg/kg, tid 50-90%, bid or tid 20-60%, bid 10-20%, q(1-2)d
Streptomycin 15 mg/kg, qd, <1 g daily Qd Q(1-3)d Q(@B-4)d
Tobramycin 1.0-1.7 mg/kg, tid 60-90%, bid or tid 30-70%, bid 20-30%, q(1-2)d
Carbapenem Ertapenem 19,qd 100% 100% 50%
Imipenem 0.25-1.00 g, qid 100% 50% 25%
Meropenem 0.5-1.0 g, qid 0.5 g, qid 0.25-0.50 g, bid 0.25-0.5¢g, qd
Macrolides Clarithromycin 500 mg, bid 100% 75% 50-75%
Erythromycin 250-500 mg, bid, tid, or qid 100% 100% 50-75%
Penicillins Amoxicillin 250-500 mg, tid Tid Bid or tid Qd
Ampicillin 250 mg-2 g, qid Qid Bid, tid, or qid Qd or bid
Penicillin G 500k-4m 1U, g4h 100% 75% 50%
Piperacillin 3-4 g, g4h Qid-g4h Tid or gid Tid
Ticarcillin 39, g4h 1-2 g, g4h 1-2 g, tid 1-2 g, bid

Table 1 (continued)
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Table 1 (continued)

Dosage adjustment based on different GFR in patients with renal

Classes Antlblotics In patients With. normal renal disease
function GFR >50 mL/min/  GFR 10-50 mL/min/  GFR <10 mL/min/
1.73 m? 1.73 m? 1.73 m?
Fluoroquinolones Ciprofloxacin 400, iv; or, 500 mg, po 100% 50-75% 50%
Levofloxacin 250-750 mg, qd 100% 50%, qd 50%, g2d
Ofloxacin 400 mg, bid 100% 200 mg, bid 25-50%, qd
Tetracyclines Tetracycline 250-500 mg, qid Bid or tid Qd or bid Qd
Others Aztreonam 1-2 g, bid or tid 100% 50-75% 25%
Clavulanic acid 100 mg, q6h-g4h 100% 100% 50-75%
Colistin 160 mg, bid 100% Qd Q36h
Metronidazole 7.5 mg/kg, bid, tid, or gid 100% 100% 75%
Daptomycin 4-6 mg/kg, qd Qd Qd Q2d
Sulbactam 0.75-1.50 g, tid or qid Tid or gid Qd or bid Q(12-48)h
Sulfamethoxazole 1.0 g, tid Bid Q18h Qd
Sulfafurazole 1-2 g, gid Qid Bid or tid Qd or bid
Tazobactam 1.50-2.25 g daily 100% 75% 50%
Teicoplanin 6 mg/kg, qd Qd Q48h Q3d
Trimethoprim 100-200 mg, bid Bid Q18h Qd
Vancomycin 19, bid 500 mg, bid—qid 500 mg, q(1-2)d 500 mg, q(2-4)d

Some synthetic antibacterial drugs and antifungal drugs that can be clinically used in patients with renal insufficiency are also included in

this table. GFR, glomerular filtration rate.

due to the small number of clinical trials and the increased risk
of death. Therefore, adequate clinical trials are warranted.
Fungal infections often occur in immunosuppressed
patients, especially in patients with chemotherapy-induced
neutropenia or in patients who are using glucocorticoids for
GVHD. In patients with neutropenia, the recovery of bone
marrow function is critical for the control of aspergillosis.
Under such circumstances, lowering the level of immune
suppression shall be used as an adjunct to anti-fungal
therapy. Study on how to reduce the degree of immune
suppression may be a way of improving clinical outcomes.

Antibiotic use in patients with poor bepatic/renal function

()  Monitor the blood drug concentration;

(II)  Strictly follow the principles of antibiotic use; and

(III) Strengthen clinical trials and pharmacokinetic
studies, so as to optimize antibiotic use and
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minimize side effect on renal function.
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