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Secial Feature
Antibiotic Cycling
in the ICU

By Jun Takezawa, MD

Introdiction

ONCE INTENSIVE CARE PRACTICES HAVE BEEN WELL
standardized, patient safety becomes one of the’
biggest issues in the ICU in terms of management of
health care quality (affecting the outcomes of patients
admitted to the ICUs). The quality of health care in the
ICU is related to 1) organizational characteristics (such
as staffing, open vs closed systems, workforce); 2) stan-
dardization of treatment and care process; 3) compe-
tence of the ICU staff in providing treatment and care;
and, 4) risk hedging capability against medical errors
which include acquisition of nosocomial infections. The
acquisition of nosocomial infections in the ICU is
known to significantly affect patient outcomes such as
ICU and hospital mortality and length of ICU and hos-
pital stays.

Risk Factors for ICU-Acquired Infections

~ Environmental risk factors in the development of
ICU-acquired infections include widespread use of
broad-spectrum antibiotics, increased utilization of the
ICU by more seriously-ill patients, increased use of
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invasive medical devices, lack of well-trained nurses
and their increased workload, and the increased num-
bers of patients who stay in the ICU due to chronic and
severe illness. The risk factors for ICU-acquired noso-
comial infections, which are preventable, are insuffi-
ciency in hygiene practice, uncontrolled antibiotic
usage, delays in administration of the appropriate
antibiotic, and emergence of antibiotic-resistant organ-
isms. Although hygiene practice is standardized by vari-
ous guidelines published by the professional societies
such as APIC and NCRQ and governmental health care
agencies, the use of antibiotics is not well standardized,
and the numbers of nosocomial infections caused by
antibiotic-resistant organisms is still increasing.

Prevention {)f Emergence of
___ Antibiotic-Besistant Organisms

Several attempts have been made to promote the
Jjudicious use of antibiotics in preventing the emergence
of antibiotic-resistant organisms, in hopes of decreasing
the number of ICU-acquired infections caused by the
antibiotic-resistant organisms. One strategy is limiting
or restricting the number of antibiotics used in the ICU.
Although a large scaled randomized controlled trial in
order to obtain a definitive conclusion on this issue
would be difficult to do, it is rational to believe that a
decrease in the total number of antibiotics used in a
given hospital would result in improvement of the
antibiotic susceptibility of the organisms which inhabit
the hospital environment.

' Antibiotic Cycling '

Another strategy to reduce the emergence of antibiotic-
resistant bacteria is the use of various antibiotic classes.
This has been accomplished by alternating or cycling
antibiotics used in the ICU during predetermined periods.

The background rationale for antibiotic cycling is
that selective pressure by the antibiotic is reduced dur-
ing the restricted period, and susceptibility to the antibi-
otics on the part of resistant organisms is improved.
Additionally, the chance for emergence of resistant
organisms may be decreased if susceptibility to the
antibiotics remains stable. As far as susceptibility of the
antibiotics being reversible, and the baseline suscepti-
bility improved by restricting the use of a certain class
of antibiotics, this strategy may be effective in reducing
the average resistance rate of the antibiotics during
cycling. Therefore, if the baseline susceptibility is not
improved or does not return to the baseline level, this
strategy is ineffective.

Reported Expetiences with Antibiotic Cycling

The antibiotic cycling strategy was first introduced
by Gerding et al' where gentamicin and amikacin were
cycled alternatively. This strategy was designed in
response to increased resistance of Gram-negative bac-
teria to gentamicin. During the first 4-month period, in
which gentamicin was predominantly used, resistance
to gentamicin and amikacin was 12% and 3.8%, respec-
tively. During the next 26 months, amikacin was pre-
dominantly used. Resistance to gentamicin decreased to
6.4%, but that to amikacin increased to 9.2%. Then gen-
tamicin was re-introduced for the next 12 months. The
resistance to gentamicin increased to 9.2%, while the
resistance to amikacin was 3.9%, which is the same
resistance rate as was found in the pre-cycling period.
Finally, amikacin was re-introduced for 12 months. The
resistance to gentamicin and amikacin was 5.4% and
2.8%, respectively. These results suggested that antibi-
otic cycling reduced the resistance to the cycled antibi-
otic when the baseline resistance had already increased,
and the resistance level remained stable as far as cycling
was continued. '

Young et al? cycled the use of gentamicin and
amikacin because of the increased resistance to gentam-
icin in 14 US hospitals. During the baseline period
where gentamicin was primarily used and amikacin was
restricted, resistance to gentamicin was 14% and that to
amikacin was 2.4%. In the next 15 months, gentamicin
was restricted and amikacin was used as a first line
aminoglycoside. The resistance to gentamicin was sig-
nificantly decreased to 9.2%, while resistance to
amikacin remained at the same level of 2.2%. During
the subsequent period when cycling and restriction were
terminated, the resistance to gentamicin significantly
increased to 15.3%, and that to amikacin was also s1g-
nificantly increased to 4%.

Because of the increased incidence of Gram-negative
bacterial infections, especially for ventilator-associated
pneumonia (VAP), Kollef et al’ predominantly used
antibiotics from ceftazidime to ciprofloxacin for 6-
month intervals in treating Gram-negative bacterial
infections. They found that the incidence of VAP due to
Gram-negative bacteria was significantly reduced when
ciprofroxacin was used and ceftazidime was restricted.

Gruson et al* controlled antibiotic use for the treat-
ment of VAP by restricting both ceftazidime and
ciprofloxacin for empiric and therapeutic uses. When
the Gram-negative bacteria responsible for VAP were
identified, cefepime, piperacillin-tazobactam, imipen-
em, and ticarcillin-clavulanic acid were sequentially
changed for one-month intervals. They found that the
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number of antibiotic-resistant Gram-negative bacteria
responsible for VAP was significantly reduced. The sus-
ceptibility of the gram-negative bacteria to this antibiot-
ic regimen was also significantly improved. In addition,
the prevalence of methacillin-sensitive strains of
Staphylococcus aureus responsible for VAP was also
increased from 40% to 60%.

Kollef et al’ subsequently rotated 3 different classes
of antibiotics used for treating Gram-negative infections
in a surgical and medical ICU consecutively for a 6-
month period. They found that inadequate administra-
tion of antibiotics to nosocomial infections caused by
Gram-negative bacteria was reduced and hospital mor-
tality was significantly improved in patients whose
APACHE scores were more than 15. However, they also
found that the resistance of the bacteria to the antibi-
otics used during cycling was significantly increased
compared to the resistance when they were restricted
during the cycling periods. '

Because of the increased incidence of colonization of
vancomycin-resistant Enterococcus species (VRE) in
hematological malignancy unit, Bradley et al® rotated
the use of antibiotics; ceftazidime and piperacillin-
tazobactam. During the initial 4 moth period, where cef-
tazidime was used, the incidence of VRE colonization
was 57%; during the subsequent 8-month period, in
which ceftazidime was replaced with piperacillin-
tazobactam, the incidence of VRE colonization was sig-
nificantly decreased to 29%. When ceftazidime was
introduced again, the incidence of VRE colonization
returned to 36%.

Raymond et al’ rotated the empirical use of antibiotics
every 3 months in the surgery-trauma ICU for one year.
Ciprofloxacin+/-clindamycin, piperacillin/tazobactam,
carbapenem, and cefepime+/-clindamycin were rotated,
and the effects of antibiotic rotation on patient outcomes
were evaluated in comparison with those during non-pro-
tocol driven antibiotic use for a period of one year. The
incidence of Gram-negative bacterial infections and mor-
tality associated with infection were significantly
decreased by the antibiotic rotation. However, during the
protocol driven period, formulary change from cef-
tazidime to cefepime occurred and both antibiotic sur-
veillance and a new hygiene practice were started.

Toltzis et al® conducted a clinical trial to evaluate
whether antibiotic cycling decreased the incidence of
colonization of multidrug-resistant Gram-negative bac-
teria in patients admitted to a neonatal intensive care
unit. Study patients received empirical antibiotic thera-

py on a one-month rotation basis, employing gentam-

icin, piperacillin-tazobactam, and ceftazidime. The con-
trol patients received empirical antibiotics according to

the preference of the physician. There was no signifi-
cant difference in the amount of antibiotics used
between the study and control patients. Also, no differ-
ence was found in the incidence of colonization of mul-
tidrug-resistant Gram-negative bacteria or in clinical
outcome.

From these observations, antibiotic cycling was
effective in reducing the incidence of colonization of
antibiotic-resistant bacteria and ICU-acquired infections
caused by antibiotic-resistant bacteria. The susceptibili-
ty of the cycling antibiotics was also improved during
the withdrawal period. However, the rate of resistance
to the initial antibiotics returned to the baseline level,
when the same antibiotics were re-introduced.

_ Difficulties in Clinical Trials

There are several problems inherit to the antibiotic
cycling strategy in conducting clinical trials:

»  The susceptibility of the antibiotics used in a
certain ICU is different among the ICUs, and choice of
antibiotics cycled as well as optimal duration of antibi-
otic cycling may be different among the ICUs. Thus, the
positive result obtained from one ICU may not be appli-
cable to other ICUs.

o The baseline antibiotic susceptibility is always
monitored to confirm that antibiotic cycling improves
the average susceptibility of the cycled antibiotics dur-
ing the whole cycling phases.

° It always takes a long period of time to accom-
plish an antibiotic cycling trial, and during this period it
is likely that many confounders such as new infection
control practices and new devices could be introduced
into clinical practice, which may affect the result of
antibiotic cycling strategy.

° It is highly possible that resistant bacteria can
be introduced into ICUs as community-acquired or
ward-acquired infections. This may affect the baseline
susceptibility of the antibiotics used for cycling.

° Although randomized, controlled trials can be
organized to exclude confounders and biases associated
with clinical trials, this type of clinical trial is expensive
and labor-intensive, especially in view of the fact that,
ideally, cycling antibiotics should be blinded.

° The biggest problem is which outcome meas-
ure should be adopted, such as baseline resistance, inci-
dence of ICU-acquired infections, ICU or hospital mor-
tality, length of ICU or hospital stay, and cost.

e To measure performance of infection control
practice, a risk adjustment is required. However, risks
for each outcome are different and it is not evaluated
thoroughly.

CriTicAL CARE ALERT

95

- 381 -



Current Recommendation

Although antibiotic cycling seems to be effective in
reducing the baseline resistance of the causative organ-
isms which are responsible for ICU-acquired infections,
this strategy has not been verified by clinical trials with
any strong evidence. This strategy may be beneficial
when the baseline resistance is already high. However,
the baseline resistance should be carefully monitored, to
confirm that it is stable or not increasing. The best prac-
tice for prevention of ICU-acquired infection is early and
sufficient administration of optimal antibiotics to the
infected patient, and more importantly, having both the
incidence of ICU-acquired infections and the amount of
antibiotics used in the ICU also low. In order to accom-
plish this goal, however, sound daily infection control
practice is most important. Therefore, antibiotic-cycling
is not recommended as a routine clinical practice for pre-
vention of emergence of antibiotic-resistance bacteria
and ICU-acquired infections caused by them. &
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CME /CE Questions

28. Which of these parameters did Abella et al use as a surrogate
measure of CPR quality?

Length of code and CPR

Ventilation rate

Time to intubation

Successful central line placement

e. Neurological recovery

IS

29. The expected values of CPR quality parameters were derived
from American Heart Association guidelines and included all of
the following except: '

a. compression rate >100/minute.

ventilation rate 12-16/minute.

compression depth 1.5-2 inches.

ventilation tidal volume 3-5 mL/kg.

no-flow fraction 17%.

P ap o

30. There was a statistically significant association between ventila-
tion rate during CPR and:
a. compression rate.
b. compression depth.

return of spontaneous circulation.

survival to hospital discharge.

None of the above

L = I 2

31. According to the article by Kola et al, which of the following is
a contraindication to the use of heat and moisture exchangers
during mechanical ventilation?

a. COPD
b. ARDS

Fever

Hemoptysis

All of the above

o Q0

32. A 7-day course of low-dose intravenous hydrocortisone had
which of the following effects in patients admitted to the ICU
with severe community-acquired pneumonia?

a. Lower mortality

b. Shorter duration of ventilatory support

c. More rapid improvement in arterial oxygenation
d. All of the above

e. bandcbutnota

33. Which of the following are criteria for defining severe commu-
nity-acquired pneumonia?
a. Respiratory rate > 20/min
b. Systolic BP < 100 mm Hg

Leukocyte count > 20,000 or < 2000

Serum creatinine > 2 mg/dL

Nore of the above

o Ao

P eg i) zg
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" CME/CE Objectives ~

After reading each issue of Critical Care Alert,
readers will be able to do the following:

o Identify the particular clinical, legal, or scientific

- issues related to critical care.

« Describe how those issues affect nurses, health
care workers, hospitals, or the health care industry
in general.

e Cite solutions to the problems associated with those
issues.

In Future Issues:
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