
Page 1/7

Application of Monitoring Indicators in The Management of Hospital Use of
Antimicrobials
Ravena Silva  (  ravena_melo_@hotmail.com )

Universidade Federal de Sergipe https://orcid.org/0000-0002-0923-7704
Ravena Silva 

Universidade Federal de Sergipe
Quesia Santos 

Universidade Federal de Sergipe
Alessandra Batista 

Universidade Federal de Sergipe
Matheus Melo 

Universidade Federal de Sergipe
Lucindo Júnior 

Universidade Federal de Sergipe
Simonize Mendonça 

Universidade Federal de Sergipe
Milena Xavier 

Universidade Federal de Sergipe
Ingrid Leão 

Universidade Federal de Sergipe
Wellington Silva 

Universidade Federal de Sergipe
Iza Maria Fraga Lobo 

Universidade Federal de Sergipe

Research article

Keywords: Anti-Infective Agents, Antimicrobial Stewardship, Drug Resistance

Posted Date: May 15th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-27793/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

Version of Record: A version of this preprint was published at BMC Infectious Diseases on August 17th, 2021. See the published version at
https://doi.org/10.1186/s12879-021-06542-5.

https://doi.org/10.21203/rs.3.rs-27793/v1
mailto:ravena_melo_@hotmail.com
https://orcid.org/0000-0002-0923-7704
https://doi.org/10.21203/rs.3.rs-27793/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12879-021-06542-5


Page 2/7

Abstract
Background It is described in the literature that between 25–50% of antimicrobial prescriptions, in the hospital environment, are unnecessary or inadequate.
The National Health Surveillance Agency launched the “Brazil Stewardship Project”, in order to assess the national panorama of antimicrobial use
management programs, therefore, it is expected that managers will be encouraged to implement the antimicrobial use management program, with publication
of the results, enabling the confrontation of national data.

Methods This is an observational, analytical and prospective study conducted in a teaching hospital, with 94 active beds, distributed between the intensive
care unit (ICU), the surgical clinic (SUR), the medical clinic (MED), the pneumology/infectology (PNE/INF) and pediatrics (PED).

Results During the study period, a total of 11,628 patient-days were followed up and an average of 58.3% of patients were exposed to some antimicrobial. In
376 days, for every 1,000 days of hospitalization, patients were receiving antimicrobial therapy (LOT = 376/1000pd). The calculated global DOT / LOT ratio
showed that each patient received an average of 1.5 antimicrobials during hospital stay.

Conclusions The indicators addressed in this study proved to be of great relevance for obtaining data regarding the use of antimicrobials, contributing to the
initiatives to be taken by the Stewardship program. This study is expected to encourage other hospitals to monitor the use of antimicrobials, allowing
comparison of data.

Background
One of the main public health problems worldwide is microbial resistance, a process that, although it is a natural biological phenomenon, is occurring at an
accelerated rate due to the excessive use of antimicrobials (ATMs). It is described in the literature that between 25–50% of antimicrobial prescriptions, in the
hospital environment, are unnecessary or inadequate, increasing hospital stay, morbidity and mortality and health care costs [1–6].

The absence of guidelines on the rational use of antimicrobials, uncertainty about the differential diagnosis, incorrect choice of medication, improper
treatment duration, presence of complex comorbidities, incorrect interpretation of microbial results and lack of surveillance to monitor the use of
antimicrobials are factors that imply the inappropriate use of these drugs [5, 7, 8].

In view of the above, the Centers for Disease Control and the World Health Organization, together with the United Nations member countries, including Brazil,
have been encouraging the implementation of programs such as the "Antimicrobial Stewardship Program", which is a set of interventions, audits and
feedbacks, in order to optimize the use of ATMs [2, 3, 9, 10]. Recently, in July 2019, the National Health Surveillance Agency launched the “Brazil Stewardship
Project” [6], in order to assess the national panorama of antimicrobial use management programs, encouraging managers to implement antimicrobial use
management programs, with publication of the results, enabling the confrontation of national data.

Several measures have been used to evaluate ATM use and consumption. De�ned Daily Dose (DDD), which expresses consumption in grams, is the oldest
and most widely used. However, alternative metrics, focused on use in days, have been proposed and adopted, such as “Days of Therapy” (DOT), equivalent to
the number of days a patient receives an antimicrobial agent (regardless of the dose) and “Length of Therapy” (LOT), referring to the number of days the
patient is on antimicrobial therapy (regardless of the number of drugs) [1, 9, 11, 12].

Brazil still has scarce information on the use of antimicrobials at the patient level, making it impossible to see the magnitude of the use of these drugs in this
country, so this study aims to evaluate the application of the indicators DOT and LOT, in the monitoring and mapping of hospital use of antimicrobials, after
the implementation of the Stewardship program in a university hospital in northeastern Brazil.

Methods

Design and setting
This is an observational, analytical and prospective study conducted in a teaching hospital, with 94 active beds, distributed between the Intensive Care Unit
(ICU), the Surgical Clinic (SUR), the Medical Clinic (MED), the Pneumology/Infectology (PNE/INF) and Pediatrics (PED).

Data Source
A monthly analysis of the prescriptions of a sample of adult and pediatric patients admitted to the wards (including those who did not receive antimicrobials)
was carried out between 1 January and 31 December 2018. The review of prescriptions and data extraction was performed by the researcher, using an
electronic database created especially for this purpose. The data regarding the use of antimicrobials were obtained from the individual prescriptions of the
patients and forms of requests for antimicrobials, under the responsibility of the hospital pharmacy.

Inclusion and exclusion criteria
Data analysis included antimicrobial agents administered intravenously or orally. The exclusion criteria involved patients with a stay of fewer than 24 hours,
use of intramuscular, topical, ophthalmologic, inhaled, antiviral, and antiretroviral antimicrobials. Preoperative antimicrobial prophylaxis given in the operating
room does not follow the prescription and, therefore, was excluded from the analysis.

Outcome measures
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Primary outcomes were represented by the percentage of patients using antimicrobials, the number of antimicrobial prescriptions by class, and diagnostics.
Secondary outcomes included analyzes of antimicrobial use, expressed in DOT, and LOT per 1000 patient-days (pd).

Statistical analysis
Data entry and storage were performed in Microsoft Excel 2019 (Microsoft Corporation, Redmond, WA, USA), transferred for statistical analysis using Stata
software version 15.1 (StataCorp, College Station, Texas, USA).The variables were expressed as means and percentages. The normality of data distribution
was veri�ed and compared using the ANOVA test or the Kruskal-Wallis test with respective post-tests, as appropriate. The level of statistical signi�cance was
set at 0.05.

Results
During the study period, a total of 11628 patient-days were followed up and an average of 58.3% of patients was exposed to some antimicrobial. The
intensive care unit was the ward that contained the largest number of patients using ATM (86%; ICU vs SUR, MED, PNE / INF, PED; p < 0.05), followed by
pneumology/infectology (62%; PNE / INF vs SUR, MED; p < 0.05) and pediatrics (61%; PED vs SUR, MED; p < 0.05) (Table 1).

Table 1
Distribution of antimicrobial prescriptions, by wards, 2018.

VARIABLES WARDS

SUR MED PNE/INF PED ICU p-value

Use of antimicrobials 38%a 42%b 62%c(ab) 61%d(ab) 86%e(abcd) 0.000*

Number of prescriptions (%)            

First-generation cephalosporins 49.4%a(bce) 3.8%b 1.4%c 34.5%d(bc) 9.4%e 0.000*

Fluoroquinolone 20.5%a 14.1%b 11.2%c 3.6%d(abe) 13.5%e 0.000*

Carbapenems 1.7%a(bc) 11.5%b 8.8%c 6.3%d 19.2%e(abcd) 0.000*

Third-generation cephalosporins 6.5%a 14.7%b(ae) 8.5%c 9.2%d 4%e 0.004*

Metronidazole 10.1%a 5.8%b 1.7%c(ae) 6.3%d 11.1%e 0.031*

Cefepime 0.8%a 10.3%b(a) 15.6%c(ade) 6.0%d 7.1%e 0.000*

Clindamycin 9.1% 7.1% 5.1% 2.1% 7.4% 0.072

Antifungals 0.2%a 7.1%b(a) 16%c(ad) 4.5%d 6.7%e 0.000*

Glycopeptides 1.1%a 6.4%b 3.4%c 3%d 10.4%e(acd) 0.001*

Azithromycin 0%a 2.6%b 9.5%c(abe) 6.3%d(ae) 1.7%e 0.000*

Penicillins 0.2%a 10.3%b(ae) 3.4%c 8.3%d(ae) 1%e 0.000*

Sulfamethoxazole + trimethoprim 0%a 3.2%b 10.9%c(abe) 3.6%d(a) 3%e 0.000*

Aminoglycosides 0.4%a 2.6%b 4.4%c 6.5%d(a) 3.4%e 0.025*

Polymyxin B 0%a 0.6%b 0%c 0%d 2%e(acd) 0.014*

Subtitle: SUR - Surgical Clinic, MED - Medical Clinic, PNE/INF - Pneumology / Infectology, PED - Pediatrics, ICU - Intensive Care Unit. *p < 0.05.

a,b,c,d,e – statistical differences per line (Bonfferroni p < 0.05)

The 1st generation cephalosporins were the most prescribed classes both in surgical clinic (49.9%; SUR vs MED, PNE / INF, ICU; p < 0.05) and in pediatrics
(34.5%; PED vs MED, PNE / INF; p < 0.05). The medical clinic had a higher number of prescriptions referring to 3rd generation cephalosporins (14.7%; MED vs
SUR, ICU; p < 0.05), pneumology/infectology had a higher number of antifungals (16%; PNE / INF vs SUR, PED; p < 0.05) and the ICU prevailed the prescription
of carbapenems (19.2%; ICU vs SUR, MED, PNE / INF, PED; p < 0.05) (Table 1).

Exposure time to 1st generation cephalosporins in the surgical clinic (123 DOT / 1000pd; SUR vs MED, PNE / INF; p < 0.05) and in pediatrics (94 DOT / 1000pd;
PED vs MED, PNE / INF; p < 0.05) was superior to the other antimicrobial classes. Higher exposures were also observed for quinolone in the medical clinic (57
DOT / 1000pd), sulfamethoxazole + trimethoprim in pneumology/infectology (121 DOT / 1000pd) and carbapenems in the ICU (368 DOT / 1000pd; ICU vs
SUR, MED, PED; p < 0.05) (Table 2).
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Table 2
Distribution of use rates for antimicrobial classes, by wards, 2018.

VARIABLES WARDS

SUR MED PNE/INF PED ICU p-value

DOT/1000pd            

Fluoroquinolone 108a 57b 71c 24d 147e(bd) 0.001*

First-generation cephalosporins 123a(bc) 5b 6c 94d(bc) 73e(bc) 0.000*

Carbapenems 11a 43b 84c(a) 40d 368e(abd) 0.000*

Third-generation cephalosporins 43 50 64 61 35 0.775

Cefepime 8a(ce) 32b 95c 47d 114e 0.000*

Metronidazole 56a 12b 8c(ad) 59d 119e(bc) 0.000*

Antifungals 1a(ce) 24b 83c 40d 118e 0.000*

Sulfamethoxazole + trimethoprim 0a(cde) 4b(c) 121c 25d 72e 0.000*

Clindamycin 47 28 37 12 75 0.099

Glycopeptides 8a 25b 36c 10d 183e(abcd) 0.000*

Aminoglycosides 6 16 32 34 83 0.055

Penicillins 1a(bd) 35b 18c 38d 13e(bd) 0.000*

Azithromycin 0a(cd) 8b(c) 40c 31d 23e 0.000*

Polymyxin B 0a 5b 0c 0d 59e(acd) 0.010

LOT/1000pd 300a 262b 470c(ab) 382d 753e(abd) 0.000*

DOT/LOT ratio 1.4a 1.3b 1.5c 1.4d 2.0e(abcd) 0.000*

Subtitle: SUR - Surgical Clinic, MED - Medical Clinic, PNE/INF - Pneumology / Infectology, PED - Pediatrics, ICU - Intensive Care Unit. *p < 0.05.

a,b,c,d,e – statistical differences per line (Bonfferroni p < 0.05)

In 376 days, for every 1000 days of hospitalization, patients were receiving antimicrobial therapy (LOT = 376/1000pd). Comparing hospital wards, the ICU was
where patients were exposed to ATMs for the longest time (753 DOT / 1000pd; ICU vs SUR, MED, PED; p < 0.05), followed by pneumology/infectology (470
DOT / 1000pd; PNE / INF vs SUR, MED; p < 0.05). The calculated global DOT / LOT ratio showed that each patient received an average of 1.5 antimicrobials
during hospital stay, with a higher number within the ICU (2 DOT / LOT; ICU vs SUR, MED, PNE / INF, PED; p < 0.05) (Table 2).

Surgical prophylaxis was the main diagnostic for the use of antimicrobials in the surgical clinic (80.8%; SUR vs MED, PNE / INF; p < 0.05) and in pediatrics
(36.2%; PED vs MED, PNE / INF; p < 0.05). Respiratory infections were higher in the medical clinic (22.4%) and pneumology/infectology (39.1%; PNE / INF vs
SUR; p < 0.05), while in the ICU the diagnosis of sepsis prevailed (34.1%; ICU vs SUR; p < 0.05). There was no signi�cant difference in the diagnosis of skin /
soft tissue infections, urinary infections, abdominal infections and others (Table 3).

Table 3
Distribution of diagnostic for the use of antimicrobials, by hospital ward, in 2018.

DIAGNOSTIC WARDS

SUR MED PNE/INF PED ICU p-value

Surgical prophylactic 80.8%a(bc) 0%b 0%c 36.2%d(bc) 33.9%e 0.000*

Respiratory infection 4.2%a 22.4%b 39.1%c(a) 32.9%d 19.8%e 0.017*

Sepsis 0%a 19.0%b 19.6%c 5.4%d 34.1%e(a) 0.033*

Skin/soft tissue infection 2.5% 17.2% 16.3% 10.1% 0.9% 0.154

Urinary infection 2.5% 19.0% 14.1% 5.4% 3.8% 0.749

Abdominal infection 7.5% 19.0% 1.1% 0.7% 7.5% 0.134

Others 2.5% 3.4% 9.8% 9.4% 0% 0.141

Subtitle: SUR - Surgical Clinic, MED - Medical Clinic, PNE/INF - Pneumology / Infectology, PED - Pediatrics, ICU - Intensive Care Unit.
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Others - Surgical Site Infection, Visceral Leishmaniasis, Febrile Neutropenia, Bacterial Endocarditis. *p < 0.05.

a,b,c,d,e – statistical differences per line (Bonfferroni p < 0.05)

Discussion
The present study found that an average of 58.3% of patients was exposed to some antimicrobial. A large study carried out by Versporten [7], when evaluating
the use of antimicrobials in patients admitted to adult hospitals in 53 countries, identi�ed, in Latin America, the average use of 36.8%, ranging from 32.5–
43.4%. However, the literature describes a broader range that extends from 22–76% of hospitalized patients receiving at least one antimicrobial during
hospital stay [1, 4, 8, 9, 12]. Even though the result, observed here, is within the presented range, these studies demonstrate variations that may be related to
the type of care provided in each hospital, where the need for antimicrobial indication may be higher or lower.

The greatest number of patients exposed to the use of antimicrobials was in the intensive care unit (86%), followed by pneumology/infectology (62%) and
pediatrics (61%). The predominance of the use of ATMs in the ICU was also observed in a study of one-off prevalence on health-related infections in Austria, in
which 67.9% of patients in this ward were exposed to some antimicrobial, other studies indicate variations from 55.1–57% [1, 4, 7]. Variations are also
observed in the medical clinic (31.8% − 73.2%), and in the surgical clinic (37.3–84.1%) [1, 7, 8, 13]. The weak conditions with which patients arrive at the ICUs
explain the greater frequency of infections and, consequently, the greater need for antibiotic therapy in this ward.

The 1st generation cephalosporins were the most prescribed classes and had longer use time at the surgical clinic (49.9%; 123 DOT / 1000pd) and in
pediatrics (34.5%; 94 DOT / 1000pd); the medical clinic had a higher number of prescriptions referring to 3rd generation cephalosporins (14.7%), however the
greatest exposure time was for quinolones (57 DOT / 1000pd); pneumology/infectology predominated the use of antifungals (16%) and longer use for
sulfamethoxazole + trimethoprim (121 DOT / 1000pd). In the ICU, carbapenems (19.2%; 368 DOT / 1000pd) stood out both in the number of prescriptions and
the time of use.

The use of 1st generation cephalosporins and quinolones in the hospital under study is mainly related to the extension of prophylaxis in surgeries, which
requires a more critical look at their real need, considering that in early January 2019, European Medicines Agency released a report recommending the
suspension and restriction of the use of some antibiotics, among them quinolones and �uoroquinolones, because of the serious, disabling and potentially
permanent side effects that these drugs have presented. The literature also reports a signi�cant correlation between the use of cephalosporins and
�uoroquinolones with the increase in carbapenem-resistant Enterobacteriaceae [14, 15].

A study conducted by Kimura [16], which evaluated the long-term effects of antibiotic administration programs at a university hospital in Japan, found that
therapy days per 1000 patient-days were higher for 1st generation cephalosporins (45 DOT / 1000pd). The time of use of quinolones (4.7 DOT / 1000pd) and
carbapenems (13.5 DOT / 1000pd) were well below the values veri�ed in this study. However, studies show results ranging from 25.8 DOT / 1000pd to 132.3
DOT / 1000pd for quinolones and 8.7 DOT / 1000pd to 39.1 DOT / 1000pd for carbapenems [2, 9, 10], this variation may be related to the lack of uniformity in
data collection, which implies the importance of standardizing the obtainment of these rates, allowing reliable comparability of the data.

In 376 days, for every 1000 days of hospitalization, patients were receiving antimicrobial therapy (LOT = 376/1000pd), with the longest time observed in the
ICU (753 DOT / 1000pd), followed by pneumology/infectology (470 DOT / 1000pd). The LOT indicator is rarely found in the literature to express the use of
antimicrobials, however, a study in the United States of America found an average LOT of 536 (median, 529; range, 427–684) per 1000 patient-days in 70
American hospitals [12], a value above that observed in this study. In addition to the gap in publications on the different monitoring measures for antimicrobial
management programs, the lack of disclosure of monitoring strategies and measures in hospitals in low and middle-income countries stands out. A recent
meta-analysis of 221 studies using clinical trials, interrupted time series, and other methods evaluated the effectiveness of antibiotic management programs,
in which unfortunately few studies represent these countries [17].

The ICU and pneumology/infectology presented LOTs well above the overall hospital rate, re�ecting the severity and frequency of community and hospital
infections in patients assisted in these two wards, which require more frequent, intense, and longer antimicrobial therapy. The calculated global DOT / LOT
ratio showed that each patient received an average of 1.5 antimicrobials during the hospital stay, with a higher number prescribed within the ICU (2 DOT /
LOT). The literature points to similar values ranging from 1.3 to 2.1 antimicrobials per patient [4, 5, 8].

The surgical clinic and pediatrics pointed out surgical prophylaxis as the main diagnostic for the use of antimicrobials (80.8% and 36.2%, respectively), which
is in line with the greater number of indications of 1st generation cephalosporins in these wards. Highlights for the prophylactic use of antimicrobials, as
observed in this study, were reported by Talaam [5], in a rural hospital in western Kenya, where prophylaxis was responsible for 56.3% of antimicrobial
indications. Gutema [8], documented that the prophylactic use of antimicrobials represented 41.3% in the prescriptions in the surgical clinic and 8.5% in the
medical clinic.

Respiratory infections prevailed in the medical clinic and pneumology/infectology (22.4% and 39.1%, respectively), this data re�ects the characteristics of the
wards described, and corroborate with studies that describe that approximately 50% of the use of antimicrobials is used in the treatment of respiratory and
urinary infections [4, 8, 9, 13]. In the ICU the main diagnostic indications were for the treatment of sepsis (34.1%). Sepsis is a serious public health problem in
ICUs in Brazil, this pathology is the second leading cause of mortality within this environment. Empirical treatment with antibiotics is usually initiated with
broad-spectrum drugs, such as carbapenems, observed in this study, possibly due to the number of multidrug-resistant strains isolated in these patients [18].

The strengths of this study include the prospective design with direct observation of the prescriptions, allowing a greater precision of the analysis regarding
the use of antimicrobials. However, some limitations were noted. First, the study was conducted at a single center. Second, comorbidities have not been
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evaluated. Third, the adequacy of the prescriptions was not addressed. Fourth, no data were obtained on the prevalence of bacterial pathogens and their
susceptibility patterns. Fifth, the analysis of temporal trends has not been carried out.

Conclusion
The indicators addressed in this study proved to be of great relevance for obtaining data regarding the use of antimicrobials, contributing to the initiatives to
be taken by the Stewardship program, recently implemented in the hospital, to improve patient care and safety. All data found were in accordance with the
ranges observed in the literature, which implies the accuracy of the information. This study is expected to encourage other hospitals to monitor the use of
antimicrobials, allowing comparison of data.
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Length of Therapy
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Pneumology/Infectology
SUR
Surgical Clinic
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