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stewardship

7 ayly detection and treatment of serious bacterial

infections, sepsis, and septic shock—with appropui-
Lkza ate antibiotic and supportive therapy—is critical to
patient survival. Delaying antibiotic therapy increases
the risk of increasing illness severity and the overall
risk of mortality. Because the stakes are so high, the
Surviving Sepsis Campaign (S5C) guidelines, organized
by the Society of Critical Care Medicine in 2002,
strongly recommend intravenous administration of
empiric, broad spectrum antibiotics as soon as pos-
sible after recognition and collection of blood and site-
specific cultures, with a goal of administration within
one hour of either sepsis of septic shock.!

The challenge, however, lies in the fine act of bal-
ancing antibiotic delivery with antibiotic stewardship.
Bacterial sepsis symptoms are nonspecific and can be
mistaken for many other serious conditions, such as
trauma, diabetic ketoacidosis, acute pancreatitis, and
myocardial infarction.? Additionally, approximately 40
percent of patients have only vague symptoms, suchas
weakness or pain, and geriatric patients—who have the
highest rates of sepsis—{requently have atypical symp-
toms that can be misconstrued as stroke, dementia,
or even simple dehydration.>* Finally, culture results

have a low rate of success: Site cultures are negative
in 20 to 47 percent of patients with severe sepsis and
only five to 10 percent of blood cultures are positive.**
Consequently, when sepsi$ or a serious infection such
as pneumonia that carries a high risk of progressing to
sepsis is suspected but not yet confirmed, antibiotics
are typically started out of an abundance of caution or
to meet CMS-imposed hospital quality measures.” Once
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LEARNING GBJECTIVES
Upon completion of this article, the reader wilt be able to:

1. Discuss campaigns that are aimed to provide guidance on
effect antibiotic stewardship programs.

2. Describe the limitations in testing and diagnosis for bacterial
sepsis.

3. Recall the utility of PCT testing in diagnosis and therapy in
patients with sepsis. ’

4 Discuss conclusions of various studies of PCT testing in
antibiotic stewardship programs and the importance of
strict adherence to published algorithms for the best therapy
outcomes.
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typically may not be available for several days and -

Procalcitonin testing as an aid to antibiotic

By H. Roma Levy, MS and Monet Sayegh, MD, I\/IS', BS, MT {(ASCP) SH, CLS

antibiotics have been initiated, determining when
to modify, de-escalate, or safely stop therapy can be
equally challenging and clinicians often assume a “one
size fits all” approach based on guidelines dictating
standard duration by condition or pathogen.

The imporianse of antibiotic stewardship

While rapid response to serious infection and sepsis is
paramount, antibiotic administration can cause harm
to patients and society at large. Antibiotic overuse
contributes to selective pressure resulting in multi-
antibiotic resistant organisms. In its 2013 report on
antibiotic resistance threats, the Centers for Disease
Control and Prevention (CDC) noted that antibiotic-
resistant infections aff lict over 2 million people and
cause approximately 23,000 deaths annually. Adverse
effects associated with prolonged and sometimes even
short duration antibiotic therapy include severe allergic
reactions, end organ and neurological toxicity, local-
ized or systemic candidiasis, and significant distuption
of the microbiota throughout the body. The microbi-
ome can take up to a year to recover, during which
time intrusion and growth of harmful organisms such
as Clostridioides difficile (C. diff) can occur.®¥® Tamma
et al. found that 20 to 30 percent of antibiotic days
received by hospitalized patients are unnecessary and
account for 20 percent of all antibiotic adverse events,
while Shehab et al. determined that such events were
responsible for 19 percent of all emergency department
(ED) visits.®!

Procalcitonin can aid therapeutic decision-making
that supports antibiotic stewardship '

In 2015, CDC released guidance on the core elements
of antibiotic stewardship. This guidance emphasizes
the importance of developing a hospital-wide pro-
gram based on a multidisciplinary team approach that
includes doctors, nurses, pharmacists, administration,
and laboratorians.'? At the time of its introduction,
CDC commented on the evolving role played by diag-
nostic tests, and noted that procalcitonin (PCT)—an
early marker of sepsis and severe bacterial infection—
has been successfully incorporated into stewardship
programs. ) :

PCT is a prohormone. Under normal conditions, it is
produced only by the thyroid C-cells and processed to
yield calcitonin and katacalcin. During severe localized
or systemic infections, however, endotoxin stimulates
PCT release from adherent monocytes, which induce
further production by adipocytes in nearly every tissue
type (especially the liver).. PCT elevates within three to
six hours of infection, peaks within approximately 12 to
48 hours, and has a haif-life of approximately 20 to 35
hours. PCT kinetics and the impact of antibiotic efficacy
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Figure 1. PCT kinetics (adapted from Meisner).’®

<0.10 Strongly discouraged
0.1-0.25 Discouraged
0.26-0.50. Encouraged
>0.50 " | Strongly encouraged

Table 1. Interpreting PCT results for initiating antibiotic therapy. Patient
presentation and clinical judgemment should always play a significant
role in decision-making however, especially since PCT can be elevated
under some conditions not associated with infection, therapy should
not be administered on the basis of test results in isolation.”

Lower respiratory tract infections | PCT <0.25 ng/mL
OR

(LRTI)
>80% decrease since the initial
test result

Confirmed or suspected sepsis PCT <0.50 ng/mL
OR

>80% decrease since the initial
test result

Table 2. Suggested valuss for discontinuing antibiotic therapy.

I I
12 24 48 72

Time (hours)

are displayed in Figure 1.1 Decision-making thresh-
olds for initiating and stopping antibiotic therapy are
presented in Tables 1 and 2.

To date, the majority of studies have focused on two
specific uses: Guidance on de-escalating or stopping
therapy in patients diagnosed with sepsis, and guid-
ance on starting and de-escalating or stopping antibi-
otic therapy for patients with lower respiratory tract

_infections (LRTI).

Patient and financial bensfits of PCT guided-therapy
for sepsis ‘

Various studies have demonstrated that serial PCT val-
ues can safely help guide de-escalation and cessation
of antibiotic therapy, resulting in an 18 to 37 percent
reduction in antibiotic duration. This variability is most
likely related to the cut-off used for stopping antibiot-
ics (one study specified not stopping therapy until PCT
reached 0.1 ng/mL) and the degree of clinician adher-
ence to the algorithm (between 44 and 71 percent)
Figure 2.5%° Economic modeling conducted by Mewes
et al. projected that PCT guidance could reduce total
per patient costs by over $11,300 when considering
aggregate costs associated with hospital length of stay,
days of mechanical Ventilatit/jn, laboratory, antibiot-
ics, productivity loss, and development of antibiotic.
resistance and C. diff infections. They also estimated
that in the U.S. alone, PCT guidance would result in
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Figure 2. Reduction in days of antibiotic therapy in patients with sepsis using PCT guidance.®®

MLO-OMLINE.COM SEPTEMBER 2019 | 9




e A

CONTINUING EDUCATION :: SEPSIS

development of 13,222 fewer cases of antibiotic
resistance and 16,103 fewer C. diff infections.?!

PCT guided-therapy in LRTI

As with sepsis, Mewes et al. projected that using
PCT guidance in the treatment of LRTI could result
in a cost savings of $2,867/patient, development of
antibiotic resistance in 64,466 fewer patients, and
31,487 fewer cases of C. diff.** Several studies have
demonstrated safe reduction of mean antibiotic
duration for patients with LRTI through a com-
bination of withholding inappropriate antibiotic
therapy and reduced therapy days. The ProHOSP

(Procalcitonin-guided antibiotic therapy and hos--

pitalization in patients with lower respiratory tract
infections) study conducted in six academic and
nonacademic Swiss hospitals was one of the earliest
and most rigorous trials. The study evaluated the
impact of applying the Table 1 decision cut points
and therapy recommendations to the care of 1,361
adults (=18 years) who presented to EDs with com-
munity acquired pneumonia (CAP), bronchitis, acute
exacerbation of COPD (aeCOPD), or other suspected
LRTL22 PCT was tested at presentation and elec-
tronically reported within approximately one hour
to physicians, along with treatment recommenda-
tion. If antibiotics were withheld based on the PCT
result, PCT was retested within six to 24 hours. if
hospitalization was required, PCT was retested on
days three, five, and seven to determine the need
for modifying, de-escalating, or stopping antibi-
otic therapy. Using this algorithm, mean antibiotic
exposure decreased from 10.7 days to 7.2 days per
patient, representing a 32 to 65 percent reduction,
depending on the patient’s final diagnosis. Similarly,
the rate of total antibiotics prescribed decreased
by eight to 27 percent, and the antibiotic adverse
event rate decreased from 33 to 23 percent. Most of
the reductions in exposure resulted from avoiding
inappropriate antibiotic administration for bron-
chitis and nonbacterial aeCOPD with no increase
in adverse outcomes within 30 days (death, ICU
admission, complications, or reinfection).

Several other studies conducted using guidance
algorithms and protocols that were the same OI
~similar to the ProHOSP study have reported vari-
able results, ranging from 0 to ‘47 percent reduc-
tion in overall antibiotic days of treatment.?*?®
Chief among the negative studies was the recently
reported ProACT (Procalcitonin Antibiotic Consen-
sus Trial), which reported no reduction in antibiotic
usage.26?° A 2015 study by Branche et al. also found
no difference in overall antibiotic exposure using
PCT guidance, although a trend was noted toward
fewer days of prescribed antibiotics, and signifi-
cantly fewer patients were still receiving antibiotics
at discharge.?

This has engendered some controversy, how-
ever close comparison of several of these stud-
ies provides some insight into design and
execution differences between trials in which
antibiotic usage was successfully reduced and
in those where no benefit was found. These
observations could help hospitals develop and
implement their own successful PCT practices.

1. Algorithm compliance among clinicians was
greatest in the studies demonstrating significant
reductions in antibiotic days of therapy. Adher-
ence to the ProHOSP study protocol was 90 percent.
An evaluation of pre- versus post-PCT implemen-
tation on existing stewardship practices at a small
rural U.S. hospital with 92 percent adherence to
protocol demonstrated a 47 percent reduction in
total days of therapy (DOT).*s Adherence in studies
reporting up to 25 percent reduction in antibiotic
DOT was 70 to 81 percent, with the exception of one
study where adherence was only 59 percent.???% In
comparison, although adherence was ~74 percent
in the ED in the ProACT study, overall adherence
over the course of the hospital stay was less than
64 percent in both the ProACT and Branche, et al.
studies.?*26 In addition, whereas most protocols
specified explicit algorithm overrule criteria, the
ProACT study physicians were allowed complete
autonomy over antibiotic usage and chose not to

CAP 68a 53.7 46b 14c 54.9 19

aeCOPD 17 171 27 21 18.8 39 32.2
Bronchitis 1 133 3 6 — — 25
Asthma — — 2 —_ 21 373
Viral/Flu — 1.2 2 — — " —
Non-LRTI 4 13.7 21 — 26.3 6 2.4

Table 3. Patient diagnosis in PCT cohort by percentage of study/population.

a. 71.5% with high pneumonia severity index (PSI) =3
b. 37% PSI =4 in PCT cohort vs. 29% in control group

c. 70% PSI =23
d. 59.8% low severity (PSI <3)
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enroll patients who had conditions for which clini-
cians are unlikely to withhold antibiotics for any
reason. In their analysis, Albrich et al. determined
hospitals with higher adherence saw the greatest
reductions in directly observed therapy (DOT) .=

2. Reduction in antibiotic use can be affected by
the study population and whether or not results
are actionable. The majority of patients enrolled in
studies supporting PCT-guided antibiotic reductions
were diagnosed with community-acquired pneumo-
nia (CAP) and were generally sicker overall than in
either the Branche or ProACT studies (Table 3).
This has lead Townsend et al. and others to suggest
that one of the reasons no difference was observed
between cohorts was because these studies were
heavily weighted toward low acuity patients who are
less likely to be prescribed antibiotics or are typically
prescribed antibiotics for shorter duration.?® Fur-
thermore, as pointed out by UC San Diego’s D1. G.
Seymann in a recent industry-sponsored webinar,
PCT results are most useful when the results are
actionable. Measuring PCT might not be useful in
every situation. For example, if symptoms clearly
indicate CAP, a single PCT value may not provide
additional benefit at the time of diagnosis. However,
serial measurements can help the clinician determine
if antibiotics are effective before culture results are
available and when it is safe to stop treatment. Like-
wise, if bacterial etiology is uncertain, PCT can help
determine if antibiotics are called for, but if LRTI
is clearly viral (e.g., positive influenza PCR), PCT
might not provide additional useful information.

3. Antibiotic decision-making is best supported
by timely and efficient availability of results.
Results were available within one hour in the Pro-
HOSP and Broyle’s studies. In Protosp, results were
provided directly to care providers via the study
website along with treatment recommendations. In
the Broyle’s study, the PCT order was made via pre-
checked field on the admission order set if infection
was suspected: Results were built into the laboratory
report electronically and could be accessed by mous-
ing over the test. In contrast, mean turnaround time
(TAT) was 1.5 to 1.6 days in studies reporting only 20
to 25 percent reduction. The authors of these studies
commented that DOT reductions likely would have
been greater had TAT been much shorter. Both of
these studies conducted PCT testing in batch once a
day during the week, and one study did not provide
PCT testing on weekends. This highlights the benefit
of running PCT on analyzers capable of handling
random access and stat orders. While some facilities
have found one manufacturer’s point-of-care PCT
test useful for achieving rapid results, it should be
emphasized that this test is not sensitive enough to
be used for stopping antibiotics when conducting
serial testing. Only tests based on the B.R.A.H.M.S.
PCT assay currently offer this level of sensitivity.

4. Staff training and continuing education at
all levels can contribute to successful program
implementation. Studies describing reduced DOT

incorporated several elements of formal, in-person
training on the rationale behind PCT guidance and
how to use the algorithm effectively. Training was
provided in the form of seminars and in-service
education to all staff across multiple departments
who would be in a position to prescribe antibiotics,
including residents, nurse practitioners, and physi-
cian’s assistants. Training was also provided to the
lab and pharmacy personnel in some cases. In one
study, both online and in-person training was made
available. Training and support was ongoing in some
cases, and additional supporting materials were
made available in the form of posters, pocket cards,
handouts on trial and algorithm details, and embed-
ded in laboratory results. Studies with the highest
participation in training noted the highest adher-
ence to protocol and the greatest reduction in DOT.

5. Having a dedicated coordinator ox PCT cham-
pion contributes to program success. The Broyles
study illustrates the value of having one department
oversee and champion PCT guidance, which in this
case was the pharmacy. This decision makes cred-
ible sense as the pharmacists and staff were already
responsible for oversight of their antibiotic steward-
ship program. Consequently, pharmacists created
opportunities to mentor staff, conduct continuing
education, and even override physician decisions to
not order PCT testing or contravene algorithm guid-
ance when infection or sepsis was suspected. As a
result, this institution realized a 47 percent decrease
in antibiotic DOT above and beyond reductions
already achieved through their existing stewardship
program. Other sites have successfully cultivated
infectious disease specialists, nurses, and multidis-
ciplinary teams made up of clinicians, pathologists,
and laboratorians to fill these roles.

PCT limitations

Although PCT is highly specific for bacterial infec-
tion, there are some situations in which PCT can
give a false-positive result if not used with discre-
tion. PCT clearance appears to be affected by renal
disease and can be elevated in late-stage chronic
kidney disease patients regardless of dialysis require-
ment in the absence of infection.*® PCT can also
elevate in the case of severe inflammation, as might
occur with significant surgery, polytrauma, severe
pancreatitis or liver damage, severe burns, medul-
lary thyroid cancer, small cell lung carcinoma, pro-
longed cardiogenic shock, and in response to some
cytokine-stimulating medications.®*! PCT can also
elevate with some fungal and malarial infections,
however, Miglietta et al. note that PCT can distinguish
between bacterial sepsis and systemic candidiasis.®

Conciusion

PCT can be a useful addition to the clinician’s
armamentarium. When used according to practices
exemplified by several studies, PCT can support

~ antibiotic decision-making essential for reducing

unnecessary antimicrobial therapy contributing to
the development of antibiotic-resistant organisms
and short- and long-term adverse events. )
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Useful Webinars

Procalcitonin 2019: Potential and Pitfalls.
httpsy/www.youtube.com/watch v=9dWW700Vk3A

Implementing Procalcitonin: A Team Approach.
https://www.youtube.com/
watch?time_continue=6&v=6gNh-w_ktTc

The Role of Procalcitonin in Bacterial Infection and Patient
Management: A Pharmacy Perspective.
hitps://www, youtube.com/watch?v:ngYele4A0

Procalcitonin: Once is Not Enough.
The Critical Role of Serial Testing.
hitpsy//www.youtube.com/watch 2v=cWWB7e_S_Ws

The Importance of Procalcitonin for Antimicrobial Stewardship
in Patients with Lower Respiratory Tract Infections in the
Emergency Department.
https://www. labroots.com/ms/webinar/importance-
procalcitonin—antimicmbia/—stewardship—patients-loWer—
respiratory-tract-infections-emerg
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