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Background: Irrational use of antimicrobial agents for gastrointestinal diseases deserves
attention, but corresponding antimicrobial stewardship programs (ASPs) are generally not
a priority for managers. We conducted this study to evaluate the effectiveness of
multifaceted pharmacist-led (MPL) interventions in the gastroenterology ward (GW) to
provide evidence for the efficacy of ASPs in a non-priority department.

Methods: This was an interventional, retrospective study implemented in China. The MPL
intervention lasting 1.5 years involved daily ward rounds with physicians, regular review of
medical orders, monthly indicator feedback, frequent physician training, and necessary
patient education. Data on all hospitalized adults receiving antibiotics was extracted from
the hospital information system over a 36-month period from January 2016 to December
2018. Segmented regression analysis of interrupted time series was performed to
evaluate the effect of the MPL interventions (started in July 2017) on antibiotic use and
length of hospital stay, which was calculated monthly as analytical units.

Results: A total of 1763 patients receiving antibiotics were enrolled. Segmented
regression models showed descending trends from the baseline in the intensity of
antibiotic consumption (coefficient = —0.88, p = 0.01), including a significant decline in
the level of change of the proportion of patients receiving combined antibiotics
(coefficient = —9.91, p = 0.03) and average length of hospital stay (coefficient = —1.79,
p = 0.00), after MPL interventions. The MPL interventions led to a temporary increase in
the proportion of patients receiving antibiotics (coefficient = 4.95, p = 0.038), but this was
part of a declining secular trend (coefficient = -0.45, p = 0.05).

Conclusion: The MPL interventions led a statistically significant decline in the number of
patients receiving antibiotics, the antibiotic consumption, and the average hospital stay
post-intervention compared to the pre-intervention phase of the study. Health
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policymakers should actively practice MPL interventions by clinical pharmacists in ASPs in
those departments that are not included in priority management.

Keywords: impact assessment, pharmacist role, multifaceted intervention, antimicrobial stewardship,
gastroenterology, segmented regression

INTRODUCTION

In recent years, the effectiveness of antimicrobial drugs for
treating common infections has rapidly decreased, and
widespread antimicrobial resistance (AMR) has become an
ongoing threat to public health (Prestinaci et al., 2015; Ferri
et al., 2017). The World Health Organization (WHO) adopted
“antimicrobial resistance” as the theme for World Health Day
2011 and introduced a policy package for governments to take
critical action against antimicrobial resistance (Leung et al,
2011). Many countries implemented antimicrobial stewardship
programs (ASPs) to combat bacterial resistance (Howard et al.,
2015). ASPs are a coherent set of strategies that can promote the
appropriate use of antibiotics (Dellit et al., 2007; Davey et al.,
2017; Dyar et al.,, 2017). The ASP policy of China was
implemented in 2012, and the guidelines for clinical
application of antimicrobials were updated in 2015 (Qu
et al., 2019).

Although the worldwide development and implementation of
ASPs differs on a regional level (Howard et al., 2015; Bishop,
2016), the consensus was that ASP teams should be
multidisciplinary, with pharmacists as the core members that
can optimize the utilization of antimicrobials (Brink et al., 2017;
Wang et al.,, 2018). Clinical pharmacists are professionals who
provide patients with comprehensive drug management and
related care in all medical areas. They are licensed pharmacists
with specialized advanced training, who play an important role
in promoting the optimal use of antimicrobials, reducing the
transmission of infections, and educating health professionals,
patients, and the public (ASHP statement, 2010; American
College of Clinical, 2014). The effect of pharmacists’ actions in
ASPs was well documented in the United States (Barlam et al.,
2016) and the United Kingdom (National Institute for Health
and Care Excellence Guideline, 2015), where pharmacists were
always involved in ASPs (Chou et al., 2016). Since the
establishment of the system of clinical pharmacists in China in
2002, clinical pharmacists have been increasingly involved in
ASPs in hospitals (Xiao and Li, 2013; Li et al., 2017; Zhang et al,,
2017). Pharmacist-led interventions have yielded excellent
results in many areas (Kooij et al., 2016; van Eikenhorst et al.,
2017; Ravn-Nielsen et al., 2018; van der Laan et al., 2018).
However, the studies that have been performed on ASPs for
hospital inpatients led by pharmacists have received insufficient
attention in developing countries (Davey et al., 2017; Sakeena
et al., 2018).

Previous studies have shown that multifaceted pharmacist-led
interventions can lead to more optimized use of medication, as
well as reduced number of hospital visits and length of stay
(Ravn-Nielsen et al., 2018; Skjot-Arkil et al., 2018). Moreover,
pharmacists-driven antimicrobial stewardship interventions can

effectively improve guideline compliance, timely administration
of antibiotics, sustainable patient outcomes, and reduce the mean
costs of antimicrobial therapy (Dunn et al., 2011; Messina et al.,
2015; Brink et al., 2017; Wang et al., 2018). Studies on
intervention in bacteremia (Wenzler et al., 2017), urine culture
(Almulhim et al.,, 2019), perioperative prevention of infection
(Sun, 2013), and surgical infection (Brink et al., 2017; Mahmoudi
et al, 2019) were conducted in emergency departments,
respiratory departments, surgical departments, and intensive
care units. However, it should not be overlooked that bacterial
resistance due to irrational use of antibiotics in gastroenterology
is also a challenge (Fernandez et al., 2016; Piano et al., 2019).
Bedini et al. performed a multidisciplinary team intervention in
an ASP in an Italian gastroenterology ward (GW), which had a
positive impact on reducing the consumption of antibiotics
(Bedini et al., 2016). However, very little is known about
multifaceted pharmacist-led (MPL) interventions in ASPs in
the GW.

In this study, we used segmented regression analysis of
interrupted time series (ITS) to assess the effect of MPL
interventions in ASPs in a GW. The segmented regression
analysis of ITS is a powerful quasi-experimental approach in
which data are summarized at spaced intervals before and after
the intervention (Bernal et al., 2017). It can be used to evaluate
changes in the levels and trends of the outcome after the
intervention while controlling for pre-existing trends and
temporal confounders (Wagner et al., 2002). Therefore, the
intent of this quasi-experimental study was to explore whether
the interventions of MPL reduced the use of antibiotics, to
determine the effectiveness of MPL interventions in a GW, and
to provide a scientific basis for detailed evidence-based
management of ASPs in non-priority departments.

MATERIALS AND METHODS

Study Setting and Patients

This study was performed at the GW of a 1500-bed academic
teaching hospital in Xinjiang, China. The GW had 62 beds and
8305 discharged patients during the study period (January 1,
2016, to December 31, 2018). Patients who had used at least one
antibiotic were selected as subjects, the principal diagnosis and
antimicrobial utilization data of these patients were extracted
from the hospital information system, and the patients’ personal
details (the patient’s name, phone number, id number, home
address) were hidden. The data collected from January 1. 2016 to
December 31. 2018, 18 months prior to the intervention (January
1. 2016 to June 30. 2017) and 18 months after the start of the
intervention (July 1. 2017 to December 31. 2018), included
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demographic information, principal diagnosis, specific
information about antimicrobial use (name, dose, duration of
use, category, etc.).

Multifaceted Pharmacist-Led Interventions
In July 2017, a clinical pharmacist with a professional
qualification in gastroenterology was assigned to the GW to
provide multifaceted interventions for rational use of
antibiotics. The interventions were conducted according to
the updated Chinese Guidelines for the Clinical Application of
Antimicrobial Agents (National Health Commission of the
People’s Republic of China, 2015a). The multifaceted
interventions included (1) daily ward round: made ward
rounds with the physician every day (working days only) to
assess the patients’ diagnosis, medication, and laboratory
sensitivity results, and gave advice to the physician to
determine the optimal drug treatment; (2) regular review of
medical orders: checked each patient’s temporary and long-
term medical orders, and gave feedback and explanation of the
problematic orders to the physician; (3) monthly indicator
feedback: summarized and gave feedback on the department’s
antimicrobial management indicators related to performance
appraisal at the end of each month; (4) frequent physician
training: provided physicians with training on the rational use
of antimicrobial drugs, including gathering physicians
together for training and assessment, and daily
communication; and (5), necessary patient counselling and
education: gave one-on-one medication guidance and
education for patients in need (e.g., older patients, patients
receiving at least 5 medications, or patients after
endoscopic surgery).

Outcomes
We reported four indicators to assess the antimicrobial use and
clinical outcomes.

The intensity of antibiotic consumption (IAC) was defined as
the cumulative number of defined daily doses (DDDs) of
antibiotics in hospitalized patients per 100 patient days in the
same period (DDDs/100pd). According to the WHO
Collaborative Centre for Drug Statistics Methodology (WHO,
2003), the DDDs equivalence was defined as the usage amount
multiplied the pack size divided by the defined daily dose (DDD),
a measurement developed by the WHO to compare drug
consumption, DDDs = (usage amount X pack size/DDD)
(Tang et al., 2018).

The proportion of receiving antibiotics (PRA) = Number of
hospitalizations receiving antibiotics/Number of hospitalizations
over the same period x 100%.

The proportion of receiving combined antibiotics (PRCA) =
Number of hospitalizations receiving more than one antibiotics/
Number of patients that received antibiotics over the same
period x 100%.

The average length of hospital stay (ALoS) = Total
hospitalization days of patients who received antibiotics/
Number of patients who received antibiotics in the same period.

Statistical Analysis
The outcomes were assessed by segmented regression analysis of
ITS data (Wagner et al., 2002; Bernal et al., 2017), calculated
monthly as analytical units in this study.

The segmented regression model (the initial segmented linear
regression model) for each indicator was described as follows:

Y = BBy + Bixtime + Byxintervention + Pyxtimexintervention + €

where Y represents the IAC, PRA, PRCA, or ALoS of the GW
from January 1. 2016 to December 31. 2018. Time represents the
value of the time-variable in months, 1 = January 2016, 2 =
February 2016, 3 = March 2016 ... Intervention is a binary
variable indicating time periods before and after intervention.
The coefficient B, estimates the baseline level of the outcomes in
January 2016 (baseline level); B; estimates the change that occurs
with each month before MPL interventions (baseline trend/
slope); B, and B; represent changes in the levels and trends of
indicators during the intervention (compared with baseline level
and trend), which indicate transient and long-term effects of
intervention, respectively. The term € is a residual error. Residual
analysis was used to assess the presence of serial autocorrelation.
Autocorrelation was assessed by computing the Durbin-Watson
statistic. The generalized least-squares method was used to adjust
the model and re-evaluate the effects of intervention when a
statistically significant autocorrelation was detected. Categorical
variables were assessed using the Chi-squared test or Fisher’s
exact test; continuous variables were assessed using the t-test. All
statistical analyses were conducted using STATA version 12.0
(STATA Corp, College Station, TX, USA), and differences with
P < 0.05 were considered statistically significant.

RESULTS

Patient Characteristics

Table 1 presents the characteristics of the patients who received
at least one antibiotic during the time that they were admitted to
the GW. Before and after the intervention period, 883 and 880

TABLE 1 | Patient’s characteristics for receiving antibiotics during the pre- and
post-intervention periods.

Characteristic Pre- Post- p-value
intervention  intervention
Admissions, n 883 880
Age, mean (SD) 61.97 (15.75) 62.17 (16.87) 0.79%
Male 482 (54.59) 484 (55.0) 0.86
Principal diagnosis (top 5), n (%°) 0.19
Acute pancreatitis 140 (15.86) 160 (18.18) 0.51
Choledocholithiasis 135 (15.29) 124 (14.09)

Choledocholithiasis with cholangitis 59 (6.68) 73 (8.29)
Cirrhosis 74 (8.38) 68 (7.72)
Chronic gastritis (Helicobacter pylori) 43 (4.87) 42 (4.77)

Data are number (%) unless otherwise indicated. All p-values calculated using Chi-square
unless otherwise noted. SD, standard deviation; “t-test; °the percentage of the patients
with the indicated diagnosis who received antibiotics as a percentage of the total patients
in the same period.
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patients received antimicrobial therapy, respectively. The mean
age of the patients in the periods before and after intervention
was 61.97 years and 62.17 years, respectively. About 55% of these
patients were male. The top 5 principal diagnoses were acute
pancreatitis, choledocholithiasis, choledocholithiasis with
cholangitis, cirrhosis, and chronic gastritis (Helicobacter
pylori). There were no significant differences in age, gender,
and the number of top 5 diagnoses of the admitted patients.

Time Series of Antimicrobial Use and
Length of Hospital Stay in the Period of
2016-2018

Figure 1 shows the time series of monthly values for IAC. Figure
2 presents the time series of monthly values for PRA and PRCA.
Figure 3 displays the time series of monthly values for ALoS.

Results of the Segmented

Regression Analysis

Table 2 lists the detailed results of the levels and trend changes
before and after the MPL intervention. Figures 1-3 show that
antibiotics use or length of hospital stay peaked during certain
seasons, so the regression model included seasonality to control
for confounding. Furthermore, we examined the presence of
serial autocorrelations by residual analysis. There were no auto-
correlative effects in the four models.

The intensity of antibiotic consumption (IAC) per month
showed a slight ascending trend (coefficient = 0.35, p = 0.34)
before the MPL intervention. After the intervention, the trend
was descending (coefficient = —0.88, p = 0.01), and the difference
was statistically significant. There were no significant differences
before and after MPL intervention in the level of change in
the TAC.

A declining secular trend (coefficient = -0.45, p = 0.05) and an
increase in the level of change (coefficient = 4.95, p = 0.038) were
found in the proportion of patients receiving antibiotics (PRA)
per month after the MPL intervention. The PRA had a brief

100 patient days)
S

The intensity of antibiotic consumption (DDDs /

— —
o e OIS S ST
« @5‘ @fo* S (_}Q’ %QA & K @‘D* S %04 W @®\ ‘“@ e $04

Month

FIGURE 1 | The change of the intensity of antibiotic consumption per month
pre- and post-intervention for the gastroenterology ward. The vertical line
separated two segments (before and after the MPL intervention).

increase in level change, but showed a significant descent in the
secular trend.

The proportion of patients receiving combined antibiotics
(PRCA) per month presented a noteworthy decrease in the level
of change (coefficient = -9.91, p = 0.03) after the MPL
intervention. Similarly, the decreasing change in the level of
ALoS was statistically significant (coefficient = —1.79, p = 0.00).
The MPL interventions slightly reduced the trend of PRCA
(coefficient = —0.08, p = 0.86) and a slightly increased the
trend of ALoS (coefficient =0.02, p = 0.69), but these effects
were not statistically significant.

Discussion

This study provides an evidence for the effect of MPL
interventions on antibiotic use and length of hospital stay in a
gastroenterology department in the Xinjiang province of China.
The segmented regression analysis of a 3-year ITS indicated that
the MPL intervention was associated with a significant decline in
the secular trend of IAC and PRA, as well as an immediate drop
in the level change of PRCA and ALoS. The advantage of the
segmented regression analysis of ITS is the ability to control for
prior trends in the outcome and study the dynamics of change
(Wagner et al., 2002; Taljaard et al., 2014), which fully explained
the instantaneous influences and potential long-term effects of
the interventions implemented by the clinical pharmacist.

In this study, four indicators were used to measure the
effectiveness of MPL interventions, which will be discussed in
more detail.

Firstly, reducing the consumption of antimicrobials.
Pharmacists’ interventions in ASPs have been attested to be
associated with a reduction in antibiotic consumption
(Magedanz et al., 2012; Cappelletty and Jacobs, 2013; Brink
et al,, 2016). In this study, the changes of IAC in the slope of
the time series after the MPL intervention were 0.88 defined daily
doses/100 bed-days per month. In an Italian GW, intervention
by a multidisciplinary ASP team reduced the consumption of
antibiotics and improved the clinical outcomes (Bedini et al,
2016). Although the consumption of antibiotics in the GW is not
particularly high compared to other departments, bacterial
resistance is still a problem (Fernandez et al., 2016; Piano
et al., 2019). Therefore, this MPL intervention of ASPs in the
GW was an important supplement to existing research.

Secondly, we observed the changes in the percentage of
patients receiving antibiotics. The PRA and PRCA indices,
which are used by the Chinese government to evaluate the
effects of clinical application management of antibacterial
therapeutics (National Health Commission of the People’s
Republic of China, 2015b), were also used by scholars to
analyze prescribing practice (Yang et al., 2014; Liu et al., 2019).
In this study, the PRA and PRCA presented a decreasing trend
and reduced levels after intervention.

Thirdly, a declining level in the ALoS was observed. Some
studies found that the ALOS was shorted after the intervention of
a clinical pharmacist (Shen et al., 2011), while some studies
indicated that the intervention had no effect on the ALoS (Bedini
et al,, 2016; Wenzler et al, 2017), which may be related to
differences in the study design and analytical methods.
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FIGURE 2 | The change in the proportion of receiving antibiotics and the proportion of receiving combined antibiotics per month pre- and post-intervention. The
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FIGURE 3 | The change of the average length of stay for patients used
antimicrobial per month pre- and post-intervention. The vertical line separated
two segments (before and after the MPL intervention).

Changes in prescription behavior require multifaceted
interventions. The decision to prescribe an antibiotic is
influenced by many factors, and professionals play an
important role (van der Meer and Grol, 2007). Studies found
that physicians feared treatment failure and, therefore, routinely
prescribed broad-spectrum antibiotics for surgical prophylaxis.as
well as frequently switched and used combinations (Livorsi et al.,
2015; Gebretekle et al., 2018). Moreover, these habits were not
easily changed (Furst et al, 2015), whereby multifaceted
interventions with activities at a variety of levels were the most

successful in reducing antibiotic prescriptions (Arnold and
Straus, 2005; van der Meer and Grol, 2007). Pharmacist-driven
ASPs could positively influence doctors’ prescribing behavior
and perceptions of antibiotic use (Ansari et al., 2003; Shen et al.,
2011; Magedanz et al., 2012). This MPL intervention in the GW
reaffirmed the need and urgency to expand the involvement of
clinical pharmacists in ASPs.

Our research focused on ASPs of digestive diseases that have
not received widespread attention. Based on a comparison of 3
years post-intervention to the pre-intervention phase, we found
that the MPL intervention reduced the use of antimicrobials and
shortened the length of hospital stay for digestive diseases,
suggesting that antimicrobial management in non-priority
departments also needs to be strengthened. Furthermore, the
segmented regression of the ITS analysis techniques could
estimate the influence of intervention more accurately than a
simple pre-post comparison (Sun, 2013).

Nevertheless, this study also has some limitations. Firstly, our
study used retrospective data from an information system, which
did not include the patients’ condition and details of the
pharmacists’ intervention, such as medication appropriateness.
Consequently, we were unable to evaluate the specific situation of
guidance given by the clinical pharmacists to the physician,
which will be a goal of our further research. Secondly, this
study did not include a simultaneous control group, since there
was only one gastroenterology department treating the same
diseases in this hospital, and it was difficult to control the
consistency of the pharmacists’ intervention measures in the
gastroenterology departments of different hospitals. Therefore,
we only made a comparative before and after analysis.

Frontiers in Pharmacology | www.frontiersin.org

April 2020 | Volume 11 | Article 442


https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Du et al.

Multifaceted Pharmacist-Led Interventions on Antimicrobial Stewardship

TABLE 2 | Results of the segmented regression analysis of IAC, PRA, PRCA,
and ALoS.

Outcomes Coefficient Standard t - statistic P - value
error
IAC (DDDs/100pd) (DW =
1.97)
Level before MPL 17.36 2.53 6.86 0.00

interventions (Bo)
Trend before MPL 0.35 0.18 2.02 0.34
interventions (B+)

Level change after MPL -1.12 3.38 -0.33 0.11
interventions (Bo)

Trend change after MPL -0.88 0.33 —2.66 0.01
interventions (Bz)
PRA (%) (DW =1.97)

Level before MPL 16.23 1.84 8.82 0.00
interventions (Bo)

Trend before MPL 0.1 0.15 0.70 0.49
interventions (B+)

Level change after MPL 4.95 2.27 2.18 0.038
interventions (Bo)

Trend change after MPL -0.45 0.22 -2.08 0.046
interventions (Bg)
PRCA (%) (DW =2.08)

Level before MPL 29.83 3.44 8.67 0.00

interventions (Bo)
Trend before MPL 0.24 0.29 0.82 0.42
interventions (B+)

Level change after MPL -9.91 4.25 -2.33 0.03
interventions (By)

Trend change after MPL -0.08 0.41 -0.18 0.86
interventions (B3)
ALoS (day) (DW =2.00)

Level before MPL 10.01 0.37 27.40 0.00
interventions (Bo)

Trend before MPL -0.02 0.03 -0.58 0.56
interventions (B+)

Level change after MPL -1.79 0.45 -3.97 0.00

interventions (2)
Trend change after MPL 0.02 0.04 0.41 0.69
interventions (83)

Residual analysis was used to examine the presence of serial autocorrelation and the four
models had no autocorrelation. IAC, the intensity of antibiotic consumption; PRA, the
proportion of receiving antibiotics; PRCA, the proportion of receiving combined antibiotics;
ALoS, the average length of hospital stay; DW, Durbin-Watson statistic; MPL, Multifaceted
pharmacist-led.

CONCLUSIONS

This study provides a segmented regression analysis of the effects
of involving a clinical pharmacist in reducing the use of
antimicrobial agents and length of hospital stay in a
gastroenterology department of a Chinese hospital. After the
MPL intervention, the utilization of antibiotics was reduced, and
the average length of hospital stay was shortened. Our data

REFERENCES

Almulhim, A. S., Aldayyen, A., Yenina, K., Chiappini, A., and Khan, T. M. (2019).
Optimization of antibiotic selection in the emergency department for urine
culture follow ups, a retrospective pre-post intervention study: clinical
pharmacist efforts. J. Pharm. Policy Pract. 12, 8. doi: 10.1186/s40545-019-
0168-z

indicate that departments that are not a priority for antimicrobial
administration also need attention. It is very important for local
or regional policymakers to practice multiple interventions by
clinical pharmacists in ASPs to improve the health care system.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article/
supplementary material.

ETHICS STATEMENT

The study was approved by the Ethics Committee of Tongji
Medical College, Huazhong University of Science and
Technology, Wuhan, Hubei, China. Because the study used
anonymous, aggregated, and retrospective data, the ethics
committee waived the need for written informed consent
provided by participants.

AUTHOR CONTRIBUTIONS

YD, JL, XZ, XinW, XP, and XiaW contributed with the design
and conception of the study. QY, YL, WH, and XueW made
significant contributions to the data interpretation. XZ, JL and
XinW contributed to the revision of the manuscript. All authors
read and approved the final manuscript as submitted.

FUNDING

This study was supported by the National Natural Science
Foundation of China, “Theorising Pharmacist-Patient
Communication Model and Mechanism Based on King’s
Theory of Goal Attainment” (Grant Number G040602, 2017).

ACKNOWLEDGMENTS

The authors would like to thank Haihong Chen for her assistance
on data preprocessing. The authors would like to thank Chenxi Liu
for his suggestions on the modification of the manuscript. We
thank Dr. Ivan Hajnal for his professional editing of the manuscript.

American College of Clinical (2014). Standards of Practice for Clinical
Pharmacists. Pharmacother.: J. Hum. Pharmacol. Drug Ther. 34 (8), 794-
797. doi: 10.1002/phar.1438

Ansari, F., Gray, K., Nathwani, D., Phillips, G., Ogston, S., Ramsay, C., et al.
(2003). Outcomes of an intervention to improve hospital antibiotic prescribing:
interrupted time series with segmented regression analysis. J. Antimicrob.
Chemother. 52 (5), 842-848. doi: 10.1093/jac/dkg459

Frontiers in Pharmacology | www.frontiersin.org

April 2020 | Volume 11 | Article 442


https://doi.org/10.1186/s40545-019-0168-z
https://doi.org/10.1186/s40545-019-0168-z
https://doi.org/10.1002/phar.1438
https://doi.org/10.1093/jac/dkg459
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Du et al.

Multifaceted Pharmacist-Led Interventions on Antimicrobial Stewardship

Arnold, S. R, and Straus, S. E. (2005). Interventions to improve antibiotic
prescribing practices in ambulatory care. Cochrane Database Syst. Rev. 4,
Cd003539. doi: 10.1002/14651858.CD003539.pub2

ASHP statement (2010). ASHP statement on the pharmacist’s role in
antimicrobial stewardship and infection prevention and control. Am. J.
Health Syst. Pharm. 67 (7), 575-577. doi: 10.2146/sp100001

Barlam, T. F., Cosgrove, S. E., Abbo, L. M., MacDougall, C., Schuetz, A. N,,
Septimus, E. J., et al. (2016). Implementing an Antibiotic Stewardship Program:
Guidelines by the Infectious Diseases Society of America and the Society for
Healthcare Epidemiology of America. Clin. Infect. Dis. 62 (10), E51-E77.
doi: 10.1093/cid/ciw118

Bedini, A., De Maria, N., Del Buono, M., Bianchini, M., Mancini, M., Binda, C.,
et al. (2016). Antimicrobial stewardship in a Gastroenterology Department:
Impact on antimicrobial consumption, antimicrobial resistance and clinical
outcome. Dig. Liver Dis. 48 (10), 1142-1147. doi: 10.1016/j.d1d.2016.06.023

Bernal, J. L., Cummins, S., and Gasparrini, A. (2017). Interrupted time series
regression for the evaluation of public health interventions: a tutorial. Int. J.
Epidemiol. 46 (1), 348-355. doi: 10.1093/ije/dyw098

Bishop, B. M. (2016). Antimicrobial Stewardship in the Emergency Department:
Challenges, Opportunities, and a Call to Action for Pharmacists. J. Pharm.
Pract. 29 (6), 556-563. doi: 10.1177/0897190015585762

Brink, A. J., Messina, A. P., Feldman, C., Richards, G. A., Becker, P. J., Goff, D. A.,
et al. (2016). Antimicrobial stewardship across 47 South African hospitals: an
implementation study. Lancet Infect. Dis. 16 (9), 1017-1025. doi: 10.1016/
$1473-3099(16)30012-3

Brink, A. J., Messina, A. P, Feldman, C., Richards, G. A., and van den Bergh, D.
(2017). From guidelines to practice: a pharmacist-driven prospective audit and
feedback improvement model for peri-operative antibiotic prophylaxis in 34
South African hospitals. J. Antimicrob. Chemother. 72 (4), 1227-1234.
doi: 10.1093/jac/dkw523

Cappelletty, D., and Jacobs, D. (2013). Evaluating the impact of a pharmacist’s
absence from an antimicrobial stewardship team. Am. J. Health Syst. Pharm. 70
(12), 1065-1069. doi: 10.2146/ajhp120482

Chou, A. F,, Graber, C. J,, Jones, M., Zhang, Y., Goetz, M. B., Madaras-Kelly, K.,
et al. (2016). Characteristics of Antimicrobial Stewardship Programs at
Veterans Affairs Hospitals: Results of a Nationwide Survey. Infect. Cont.
Hosp. Ep. 37 (6), 647-654. doi: 10.1017/ice.2016.26

Davey, P., Marwick, C. A, Scott, C. L., Charani, E., McNeil, K., Brown, E., et al.
(2017). Interventions to improve antibiotic prescribing practices for hospital
inpatients. Cochrane Database Syst. Rev. 2, Cd003543. doi: 10.1002/
14651858.CD003543.pub4

Dellit, T. H., Owens, R. C., McGowan, J. EJr., Gerding, D. N., Weinstein, R. A.,
Burke, J. P., et al. (2007). Infectious Diseases Society of America and the Society
for Healthcare Epidemiology of America guidelines for developing an
institutional program to enhance antimicrobial stewardship. Clin. Infect. Dis.
44 (2), 159-177. doi: 10.1086/510393

Dunn, K., O'Reilly, A, Silke, B., Rogers, T., and Bergin, C. (2011). Implementing a
pharmacist-led sequential antimicrobial therapy strategy: a controlled before-
and-after study. Int. J. Clin. Pharm. 33 (2), 208-214. doi: 10.1007/s11096-010-
9475-9

Dyar, O. J., Huttner, B., Schouten, J., Pulcini, C., and Esgap, (2017). What is
antimicrobial stewardship? Clin. Microbiol. Infect. 23 (11), 793-798.
doi: 10.1016/j.cmi.2017.08.026

Fernandez, J., Bert, F., and Nicolas-Chanoine, M. H. (2016). The challenges of multi-
drug-resistance in hepatology. J. Hepatol. 65 (5), 1043-1054. doi: 10.1016/
jjhep.2016.08.006

Ferri, M., Ranucci, E., Romagnoli, P., and Giaccone, V. (2017). Antimicrobial
resistance: A global emerging threat to public health systems. Crit. Rev. Food
Sci. Nutr. 57 (13), 2857-2876. doi: 10.1080/10408398.2015.1077192

Furst, J., Cizman, M., Mrak, J., Kos, D., Campbell, S., Coenen, S,, et al. (2015). The
influence of a sustained multifaceted approach to improve antibiotic prescribing in
Slovenia during the past decade: findings and implications. Expert Rev. Anti. Infect.
Ther. 13 (2), 279-289. doi: 10.1586/14787210.2015.990381

Gebretekle, G. B., Haile Mariam, D., Abebe, W., Amogne, W., Tenna, A., Fenta, T. G.,
et al. (2018). Opportunities and barriers to implementing antibiotic stewardship in
low and middle-income countries: Lessons from a mixed-methods study in a
tertiary care hospital in Ethiopia. PloS One 13 (12), €0208447. doi: 10.1371/
journal.pone.0208447

Howard, P., Pulcini, C,, Hara, G. L., West, R. M., Gould, I. M., Harbarth, S., et al.
(2015). An international cross-sectional survey of antimicrobial stewardship
programmes in hospitals. J. Antimicrob. Chemoth. 70 (4), 1245-1255.
doi: 10.1093/jac/dku497

Kooij, M. J., Heerdink, E. R, van Dijk, L., van Geffen, E. C. G., Belitser, S. V., and
Bouvy, M. L. (2016). Effects of Telephone Counseling Intervention by
Pharmacists (TeICIP) on Medication Adherence; Results of a Cluster
Randomized Trial. Front. Pharmacol. 7, 1-11. doi: 10.3389/fphar.2016.00269

Leung, E., Weil, D. E., Raviglione, M., Nakatani, H.-World Health Organization
World Health Day Antimicrobial Resistance Technical Working (2011). The
WHO policy package to combat antimicrobial resistance. Bull. World Health
Organ 89 (5), 390-392. doi: 10.2471/BLT.11.088435

Li, Z., Cheng, B., Zhang, K., Xie, G., Wang, Y., Hou, J,, et al. (2017). Pharmacist-
driven antimicrobial stewardship in intensive care units in East China: A
multicenter prospective cohort study. Am. J. Infect. Control. 45 (9), 983-989.
doi: 10.1016/.jic.2017.02.021

Liu, C,, Liu, C., Wang, D., Deng, Z., Tang, Y., and Zhang, X. (2019). Determinants
of antibiotic prescribing behaviors of primary care physicians in Hubei of
China: a structural equation model based on the theory of planned behavior.
Antimicrob. Resist. Infect. Control. 8, 23. doi: 10.1186/s13756-019-0478-6

Livorsi, D., Comer, A., Matthias, M. S., Perencevich, E. N., and Bair, M. J. (2015).
Factors Influencing Antibiotic-Prescribing Decisions Among Inpatient
Physicians: A Qualitative Investigation. Infect. Control. Hosp. Epidemiol. 36
(9), 1065-1072. doi: 10.1017/ice.2015.136

Magedanz, L., Silliprandi, E. M., and dos Santos, R. P. (2012). Impact of the
pharmacist on a multidisciplinary team in an antimicrobial stewardship
program: a quasi-experimental study. Int. J. Clin. Pharm. 34 (2), 290-294.
doi: 10.1007/s11096-012-9621-7

Mahmoudi, L., Ghouchani, M., Mahi-Birjand, M., Bananzadeh, A., and Akbari, A.
(2019). Optimizing compliance with surgical antimicrobial prophylaxis
guidelines in patients undergoing gastrointestinal surgery at a referral
teaching hospital in southern Iran: clinical and economic impact. Infect.
Drug Resist. 12, 2437-2444. doi: 10.2147/idr.s212728

Messina, A. P., van den Bergh, D., and Goff, D. A. (2015). Antimicrobial
Stewardship with Pharmacist Intervention Improves Timeliness of
Antimicrobials Across Thirty-three Hospitals in South Africa. Infect. Dis.
Ther. 4 (Suppl 1), 5-14. doi: 10.1007/s40121-015-0082-x

National Health Commission of the People’s Republic of China (2015a). Guiding
Principles of Clinical Use of Antibiotics, 2015 edition. Available at: http://www.
nhc.gov.cn/yzygj/s3593/201508/c18e1014de6c45ed9f6f9d592b43db42.shtml
(Accessed March 1, 2020)

National Health Commission of the People’s Republic of China (2015b). Notice on
further strengthening the management of clinical application of antibacterial
drugs. Available at: http://www.nhc.gov.cn/yzygj/s3593/201508/
fofdf1£52df14b87aa97be53819f1036.shtml. (Accessed March 1, 2020).

National Institute for Health and Care Excellence Guideline [NG15] (2015).
Antimicrobial stewardship: systems and processes for effective antimicrobial
medicine use. Guidance and guidelines. https://www.nice.org.uk/guidance/ng15
(accessed March 1, 2020).

Piano, S, Singh, V., Caraceni, P., Maiwall, R., Alessandria, C., Fernandez, J., et al. (2019).
Epidemiology and Effects of Bacterial Infections in Patients With Cirrhosis
Worldwide. Gastroenterology 156 (5), 1368-1380.e1310. doi: 10.1053/
j-gastro.2018.12.005

Prestinaci, F., Pezzotti, P., and Pantosti, A. (2015). Antimicrobial resistance: a
global multifaceted phenomenon. Pathog. Glob. Health 109 (7), 309-318.
doi: 10.1179/2047773215y.0000000030

Qu, J., Huang, Y., and Lv, X. (2019). Crisis of Antimicrobial Resistance in China:
Now and the Future. Front. Microbiol. 10, 2240. doi: 10.3389/fmicb.2019.02240

Ravn-Nielsen, L. V., Duckert, M.-L,, Lund, M. L., Henriksen, J. P., Nielsen, M. L.,
Eriksen, C. S., et al. (2018). Effect of an In-Hospital Multifaceted Clinical Pharmacist
Intervention on the Risk of Readmission A Randomized Clinical Trial. JAMA
Intern. Med. 178 (3), 375-382. doi: 10.1001/jamainternmed.2017.8274

Sakeena, M. H. F., Bennett, A. A.,, and McLachlan, A. J. (2018). Enhancing
pharmacists’ role in developing countries to overcome the challenge of
antimicrobial resistance: a narrative review. Antimicrob. Resist. Infect.
Control. 7, 63. doi: 10.1186/s13756-018-0351-z

Shen, J., Sun, Q., Zhou, X., Wei, Y., Qi, Y., Zhu, J., et al. (2011). Pharmacist
interventions on antibiotic use in inpatients with respiratory tract infections in

Frontiers in Pharmacology | www.frontiersin.org

April 2020 | Volume 11 | Article 442


https://doi.org/10.1002/14651858.CD003539.pub2
https://doi.org/10.2146/sp100001
https://doi.org/10.1093/cid/ciw118
https://doi.org/10.1016/j.dld.2016.06.023
https://doi.org/10.1093/ije/dyw098
https://doi.org/10.1177/0897190015585762
https://doi.org/10.1016/s1473-3099(16)30012-3
https://doi.org/10.1016/s1473-3099(16)30012-3
https://doi.org/10.1093/jac/dkw523
https://doi.org/10.2146/ajhp120482
https://doi.org/10.1017/ice.2016.26
https://doi.org/10.1002/14651858.CD003543.pub4
https://doi.org/10.1002/14651858.CD003543.pub4
https://doi.org/10.1086/510393
https://doi.org/10.1007/s11096-010-9475-9
https://doi.org/10.1007/s11096-010-9475-9
https://doi.org/10.1016/j.cmi.2017.08.026
https://doi.org/10.1016/j.jhep.2016.08.006
https://doi.org/10.1016/j.jhep.2016.08.006
https://doi.org/10.1080/10408398.2015.1077192
https://doi.org/10.1586/14787210.2015.990381
https://doi.org/10.1371/journal.pone.0208447
https://doi.org/10.1371/journal.pone.0208447
https://doi.org/10.1093/jac/dku497
https://doi.org/10.3389/fphar.2016.00269
https://doi.org/10.2471/BLT.11.088435
https://doi.org/10.1016/j.ajic.2017.02.021
https://doi.org/10.1186/s13756-019-0478-6
https://doi.org/10.1017/ice.2015.136
https://doi.org/10.1007/s11096-012-9621-7
https://doi.org/10.2147/idr.s212728
https://doi.org/10.1007/s40121-015-0082-x
http://www.nhc.gov.cn/yzygj/s3593/201508/c18e1014de6c45ed9f6f9d592b43db42.shtml
http://www.nhc.gov.cn/yzygj/s3593/201508/c18e1014de6c45ed9f6f9d592b43db42.shtml
http://www.nhc.gov.cn/yzygj/s3593/201508/f0fdf1f52df14b87aa97be53819f1036.shtml
http://www.nhc.gov.cn/yzygj/s3593/201508/f0fdf1f52df14b87aa97be53819f1036.shtml
https://www.nice.org.uk/guidance/ng15
https://doi.org/10.1053/j.gastro.2018.12.005
https://doi.org/10.1053/j.gastro.2018.12.005
https://doi.org/10.1179/2047773215y.0000000030
https://doi.org/10.3389/fmicb.2019.02240
https://doi.org/10.1001/jamainternmed.2017.8274
https://doi.org/10.1186/s13756-018-0351-z
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Du et al.

Multifaceted Pharmacist-Led Interventions on Antimicrobial Stewardship

a Chinese hospital. Int. J. Clin. Pharm. 33 (6), 929-933. doi: 10.1007/s11096-
011-9577-z

Skjot-Arkil, H., Lundby, C., Kjeldsen, L. J., Skovgards, D. M., Almarsdottir, A. B.,
Kjolhede, T., et al. (2018). Multifaceted Pharmacist-led Interventions in the
Hospital Setting: A Systematic Review. Basic Clin. Pharmacol. Toxicol. 123 (4),
363-379. doi: 10.1111/bcpt.13030

Sun, J. (2013). Systematic review of interventions on antibiotic prophylaxis in
surgery in Chinese hospitals during 2000-2012. J. Evid. Based Med. 6 (3), 126
135. doi: 10.1111/jebm.12048

Taljaard, M., McKenzie, J. E,, Ramsay, C. R., and Grimshaw, J. M. (2014). The use of
segmented regression in analysing interrupted time series studies: an example in
pre-hospital ambulance care. Implement Sci. 9, 77. doi: 10.1186/1748-5908-9-77

Tang, Y. Q,, Liu, C.]., Zhang, Z. N., and Zhang, X. P. (2018). Effects of prescription
restrictive interventions on antibiotic procurement in primary care settings: a
controlled interrupted time series study in China. Cost Eff. Resour. Alloc. 16, 11.
doi: 10.1186/512962-018-0086-y

van der Laan, D. M., Elders, P. J. M., Boons, C., Nijpels, G., van Dijk, L., and
Hugtenburg, J. G. (2018). Effectiveness of a Patient-Tailored, Pharmacist-Led
Intervention Program to Enhance Adherence to Antihypertensive Medication:
The CATI Study. Front. Pharmacol. 9, 13. doi: 10.3389/fphar.2018.01057

van der Meer, J. W. M., and Grol, R. P. T. M. (2007). The Process of Antibiotic
Prescribing: Can It Be Changed? (US: Springer).

van Eikenhorst, L., Taxis, K., van Dijk, L., and de Gier, H. (2017). Pharmacist-Led
Self-management Interventions to Improve Diabetes Outcomes. A Systematic
Literature Review and Meta-Analysis. Front. Pharmacol. 8, 1-14. doi: 10.3389/
fphar.2017.00891

Wagner, A. K., Soumerai, S. B., Zhang, F., and Ross-Degnan, D. (2002). Segmented
regression analysis of interrupted time series studies in medication use research. J.
Clin. Pharm. Ther. 27 (4), 299-309. doi: 10.1046/j.1365-2710.2002.00430.x

Wang, N., Athans, V., Neuner, E., Bollinger, J., Spinner, M., and Brizendine, K.
(2018). A pharmacist-driven antimicrobial stewardship intervention targeting

cytomegalovirus viremia in ambulatory solid organ transplant recipients.
Transpl. Infect. Dis. 20 (6), e12991. doi: 10.1111/tid.12991

Wenzler, E., Wang, F., Goft, D. A,, Prier, B., Mellett, ], Mangino, J. E., et al. (2017).
An Automated, Pharmacist-Driven Initiative Improves Quality of Care for
Staphylococcus aureus Bacteremia. Clin. Infect. Dis. 65 (2), 194-200.
doi: 10.1093/cid/cix315

WHO (2003). The anatomical therapeutic chemical classification system with
defined daily doses (ATC/DDD) [Online], Available at: http://www.who.int/
classifications/atcddd/en/. (Accessed March 1, 2020).

Xiao, Y., and Li, L. (2013). Legislation of clinical antibiotic use in China. Lancet
Infect. Dis. 13 (3), 189-191. doi: 10.1016/s1473-3099(13)70011-2

Yang, L., Liu, C,, Wang, L., Yin, X,, and Zhang, X. (2014). Public reporting
improves antibiotic prescribing for upper respiratory tract infections in
primary care: a matched-pair cluster-randomized trial in China. Health Res.
Policy Syst. 12, 61. doi: 10.1186/1478-4505-12-61

Zhang, X., Rowan, N., Pflugeisen, B. M., and Alajbegovic, S. (2017). Urine culture
guided antibiotic interventions: A pharmacist driven antimicrobial stewardship
effort in the ED. Am. J. Emerg. Med. 35 (4), 594-598. doi: 10.1016/
j.ajem.2016.12.036

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Du, Li, Wang, Peng, Wang, He, Li, Wang, Yang and Zhang. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org

April 2020 | Volume 11 | Article 442


https://doi.org/10.1007/s11096-011-9577-z
https://doi.org/10.1007/s11096-011-9577-z
https://doi.org/10.1111/bcpt.13030
https://doi.org/10.1111/jebm.12048
https://doi.org/10.1186/1748-5908-9-77
https://doi.org/10.1186/s12962-018-0086-y
https://doi.org/10.3389/fphar.2018.01057
https://doi.org/10.3389/fphar.2017.00891
https://doi.org/10.3389/fphar.2017.00891
https://doi.org/10.1046/j.1365-2710.2002.00430.x
https://doi.org/10.1111/tid.12991
https://doi.org/10.1093/cid/cix315
http://www.who.int/classifications/atcddd/en/
http://www.who.int/classifications/atcddd/en/
https://doi.org/10.1016/s1473-3099(13)70011-2
https://doi.org/10.1186/1478-4505-12-61
https://doi.org/10.1016/j.ajem.2016.12.036
https://doi.org/10.1016/j.ajem.2016.12.036
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Impact of a Multifaceted Pharmacist-Led Intervention on Antimicrobial Stewardship in a Gastroenterology Ward: A Segmented Regression Analysis
	Introduction
	Materials and Methods
	Study Setting and Patients
	Multifaceted Pharmacist-Led Interventions
	Outcomes
	Statistical Analysis

	Results
	Patient Characteristics
	Time Series of Antimicrobial Use and Length of Hospital Stay in the Period of 2016–2018
	Results of the Segmented Regression Analysis
	Discussion

	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


