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Abstract:

This prospective observational study investigates antibiotic prescription patterns among 460
Intensive Care Unit (ICU) patients in Karachi, Pakistan, with a specific focus on extended-spectrum
antibiotics. The study analyzes data from the first to the last day of admission, exploring mono and
combination antibiotic therapies and their association with extended-spectrum regimens. The
findings reveal dynamic shifts in antibiotic utilization, with a notable decrease in combination
therapies over the ICU stay. Examining the extended-spectrum antibiotic, the study identifies a
significant increase in monotherapy on the last day of admission. This reflects a potential refinement
in antibiotic choices as patients progress through their ICU stay. Notably, the association analysis
highlights a significant link between extended-spectrum antibiotics and the choice between mono
and combination therapy on the last day, emphasizing the evolving nature of antibiotic decision-
making in critical care settings. The results underscore the importance of ongoing monitoring and
adaptation of antibiotic regimens based on clinical responses and microbial data. The study
contributes valuable insights for antibiotic stewardship in the ICU, emphasizing the need for regular
reassessment and adjustment of treatment plans. While acknowledging study limitations, including
its prospective nature, these findings provide a foundation for future research aimed at optimizing
antibiotic use and improving patient outcomes in critical care settings.
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Introduction:

In critical care settings, the judicious use of antibiotics plays a pivotal role in influencing patient
outcomes and the management of infections(1). Antibiotics, often referred to as antimicrobial
agents, are substances designed to inhibit the growth or destroy microorganisms, particularly
bacteria(2). In the complex environment of the Intensive Care Unit (ICU), where patients are
susceptible to severe infections, the choice and administration of antibiotics become paramount in
ensuring effective treatment while justifying the risk of antibiotic resistance(3).

Extended-spectrum antibiotics, a subset of antimicrobial agents, possess an extended range of
activity against a broader spectrum of bacteria, including both Gram-positive and Gram-negative
strains(4, 5). These antibiotics are frequently employed in ICU settings to address complex and
polymicrobial infections(6). Their utilization requires a delicate balance, as the benefits of extended
coverage must be weighed against the potential risks, including the emergence of resistant strains
and adverse effects(7).

The ICU serves as a crucible for challenging clinical scenarios, where critically ill patients often
present with diverse and severe infections(8). The dynamics of antibiotic prescription in this setting
are multifaceted, influenced by factors such as the acuity of the illness, the presence of
comorbidities, and evolving microbial susceptibilities(9). The delicate interplay between the need
for broad-spectrum coverage and the imperative to avoid overuse highlights the complexity of
antibiotic decision-making in the ICU(10, 11).

This study delves into the intricate landscape of antibiotic prescription patterns in the ICU, focusing
specifically on extended-spectrum antibiotics(12). As the numbers and types of antibiotics
prescribed from the first to the last day of admission were explored, aims were to unravel the
evolving patterns in therapy regimens. Understanding the nuances of extended-spectrum antibiotic
use in the context of the ICU becomes essential for clinicians striving to optimize patient care while
navigating the challenges posed by emerging antibiotic resistance(13).

Methodology:
Study Design: This prospective observational study was conducted to analyze the antibiotic
prescription patterns among 460 Intensive Care Unit (ICU) patients in Karachi, Pakistan.

Inclusion Criteria:

1. ICU patients in Karachi, Pakistan.

2. Age 18 years and above.

3. Data from patients with documented antibiotic therapy during their ICU stay.

Exclusion Criteria:

1. Patients below the age of 18.

2. Incomplete or missing data on antibiotic regimens.

3. Patients with unclear documentation of extended-spectrum antibiotic use.

Data Collection:

1. Patient Demographics: Collected information includes age, gender, and relevant clinical
history.

2. Antibiotic Regimens: Data on antibiotic prescriptions on the first and last days of ICU
admission were extracted. This includes details on mono-antibiotic therapy and combinations of
two, three, or four antibiotics.

3. Extended-Spectrum Antibiotic Utilization: Specific focus on extended-spectrum antibiotics,
categorizing them into monotherapy and various combinations, was documented for both the
initial and final days of ICU admission.

4. Therapy Changes: The study examined changes in antibiotic therapy patterns, including
complete changes in antibiotic regimens, continuity in prescription, discontinuation and addition
scenarios, and the introduction of antibiotics from different classes.
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Data Analysis:

1. Descriptive statistics were employed to summarize demographic and clinical characteristics.

2. The frequency and distribution of different antibiotic regimens were analyzed.

3. Changes in extended-spectrum antibiotic therapy were examined to identify patterns and trends.

4. Statistical analysis was conducted using appropriate tools, considering the categorical nature of
the data.

Ethical Considerations: This study adhered to ethical guidelines, ensuring patient confidentiality
and privacy. Approval from the relevant institutional review board was obtained, and all data were
anonymized to maintain the privacy and confidentiality of the patients involved.

RESULTS:

NUMBERS OF ANTIBIOTICS PRESCRIBED ONFIRST AND LAST DAY OF
ADMISSION

The antibiotic regimens prescribed in the management of patients in the ICU were categorized into
First day and Last day of Admission, further classified by the number of antibiotics prescribed as
shown in Table 1 and Figure 1. The distribution of these antibiotic regimens is summarized as
follows:

First day antibiotic therapy

e Mono-Antibiotic Therapy: The therapy involved the use of a single antibiotic, with 41.7% of
patients receiving this regimen.

e Combination of Two Antibiotics: A significant portion of patients, 42.7%, received a
combination of two antibiotics on first day.

e Combination of Three Antibiotics: 14.8% patients received antibiotics a combination of three
antibiotics on first day of admission.

e Combination of Four Antibiotics: A smaller proportion of patients, 0.8%, were prescribed a
combination of four antibiotics on first day of admission.

Last day antibiotic therapy

e Mono-Antibiotic Therapy: Among patients receiving antibiotic therapy, 73.1% were treated with
a single antibiotic on Last day of admission.

e Combination of Two Antibiotics: 23.4% of patients received a combination of two antibiotics on
Last day of admission.

e Combination of Three Antibiotics: A smaller subset, 3.4% of patients, received antibiotic
therapy involving a combination of three antibiotics on Last day of admission.

e Combination of Four Antibiotics: No patients were administered a combination of four
antibiotics on Last day of admission.

These findings showed the diversity in antibiotic prescribing patterns, with the majority of patients
receiving mono-antibiotic therapy more on Last day as compare to first day, while combinations of
two antibiotics were also commonly prescribed in both contexts but number of combination of
antibiotic were decreased on Last day of admission. On Last day Antibiotic therapy, a significant
change can be observed as combinations of antibiotics are often switched to monotherapy as
illustrated in Table 1 and Graph 1 The use of combinations involving three or four antibiotics is less
frequent, highlighting the importance of modification of antibiotic regimens to individual patient
needs and clinical indications
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Table 1: Numbers of Antibiotics prescribed on First day and Last day

Antibiotic Regimen First dayn (%) Last dayn (%)
Mono- Antibiotic Therapy 267 (41.7) 468 (73.1)
Combination of two antibiotics 273 (42.7) 150 (23.4)
Combination of three antibiotics 95 (14.8) 22 (3.4)
Combination of four antibiotics 5(0.8) -
Total 640 640

80

20 m First day Antibiotic Therapy

m Last day Antibiotic Therapy
60

(0]
(@)

Patients %
aN
o

Mono- Antibiotic  Combinations of  Combinations of  Combinations of
Therapy two antibiotics three antibiotics four antibiotics
Antibiotic Regimen

Figure 1: Numbers of Antibiotics prescribed on first day and last day

Distribution of extended-spectrum antibiotic regimen on the First day and Last day of
Admission

The antibiotic regimens prescribed for managing ICU patients were categorized into the prescription
of extended-spectrum antibiotics on the first day and last day of admission. This classification was
further detailed based on the number of antibiotics prescribed, as indicated in Table 2 and Figure 2.
Overall, number of extended-spectrum antibiotics was prescribed more in first day than Last day of
admission. The distribution of these antibiotic regimens is summarized as follows:

Mono-Antibiotic Therapy: On the first day, among 538 cases, 223 (41.45%) received mono-
extended-spectrum antibiotics, while on the last day, among 372 cases, 248 (66.66%) received
mono-extended-spectrum antibiotics.

Combination of Two Antibiotics: On the first day, among 538 cases, 219 (40.71%) received
combination of two antibiotics in which either one or both are extended-spectrum antibiotics, while
on the last day, among 372 cases, 102 (27.41%) received this combination.

Combination of Three Antibiotics: On the first day, among 538 cases, 91 (16.91%) received
combination of three antibiotics in which extended-spectrum antibiotics were prescribed, while on
the last day, among 372 cases, 22 (5.91%) received this combination.

Combination of Four Antibiotics: On the first day, among 538 cases, only 5 (0.92%) received this
combination, while on the last day, none was received this combination.
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Table 21: Distribution of the extended-spectrum antibiotic regimen on the first day and last
day of admission

Antibiotic Regimen

Extended-spectrum
antibiotic at first day
n (%o)

Extended-spectrum
antibiotic at last day
n (%)

Monotherapy 223 (41.45) 248 (66.66)
Combination of two antibiotics 219 (40.71) 102 (27.41)
Combination of three antibiotics [91 (16.91) 22 (5.91)
Combination of four antibiotics  [5 (0.92) -
Total 538 (84.1 %) 372 (58.1%)
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Figure 2: Distribution of the extended-spectrum antibiotic regimen on the first day and last

day of admission

The chi-square test results assess the association between the antibiotic regimen (mono or
combination) and the prescription of extended-spectrum antibiotics on the first day as depicted in
Table 3. These results indicate a statistically non-significant association between the survivors and
the use of extended-spectrum antibiotics.

Table3: Association of the extended-spectrum antibiotic regimen on the first day of admission
(mono and combination therapy)

Chi-Square Tests on First day [Value [df  |Asymp. Sig.[Exact Sig.|Exact Sig.
(2-sided) (2-sided) |(1-sided)

Pearson Chi-Square 1000 [1 751

Continuity Correction® 043 1 .836

Likelihood Ratio 100 1 752

Fisher's Exact Test 744 416

Linear-by-Linear Association |.100 1 752

N of Valid Cases 640

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 42.55.
b. Computed only for a 2x2 table

Table 4 shows the chi-square test results assess the association between the antibiotic regimen
(mono or combination) and the prescription of extended-spectrum antibiotics on the last day. These
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results indicate a statistically significant association between the survivors and the use of extended-
spectrum antibiotics on last day.

Table 4: Association of the extended-spectrum antibiotic regimen on the last day of admission
(mono and combination therapy)

Chi-Square Tests on Lastday [Value [(df '(Aész:gepd) S'g'(Ez)f;%ted)S'g'(El)f:liccfed?g'
Pearson Chi-Square 18.854% |1 .000

Continuity Correction® 18.078 |1 .000

Likelihood Ratio 19.471 [1 .000

Fisher's Exact Test .000 .000
Linear-by-Linear Association ]18.825 |1 .000

N of Valid Cases 640

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 72.03.
b. Computed only for a 2x2 table

CHANGES PATTERNINEXTENDED-SPECTRUM  ANTIBIOTIC AND OTHER

ANTIBIOTIC THERAPIES

Changes in antibiotic therapy were observed throughout the course of antibiotic treatment in ICU

patients. These changes were categorized into following categories, each reflecting a different

alteration in the prescribed antibiotic regimen. The distribution of these changes in therapy is

summarized as follows and mentioned in Table 5 and Graph 3.

« Complete Change in Antibiotic Regimen: A substantial portion of patients, 45.5% of the total
640 cases, and from extended-spectrum 233 (43.31%) underwent a complete change in their
regimen underwent a complete change in their antibiotic regimen, indicating a significant shift in
their treatment approach.

« No Change in Antibiotic Therapy: The majority of patients, constituting 29.5% from over all
640 and 153 (28.44%)from extended-spectrum did not undergo any changes in their antibiotic
therapy, maintaining their initial treatment regimen.

« Discontinuation of Any Antibiotic from Combination: Among the patients, 13.8% out of 640
and 84 (15.61%) from extended-spectrum experienced discontinuation of at least one antibiotic
from their combination therapy.

« Discontinuation of One Antibiotic and Addition of Another: 9.7% of patients from 640 and 58
(10.78%) from extended-spectrum had one antibiotic discontinued while another was added to
their therapy.

« Addition of Antibiotic from a Different Class: A small percentage of patients, 1.6% from 640
cases and 10 (1.85%) from extended-spectrum had an antibiotic from a different class added to
their existing regimen.

Table 5: Changes pattern in extended-spectrum antibiotic and other antibiotic therapies

No. of | Extended-
Changes in therapy Therapy Spectrum

n (%) Antibiotic n(%)
Complete change in Antibiotic regimen 291 (45.5) 233 (43.31)
No change in Antibiotic regimen 189 (29.5) 153 (28.44)
Discontinuation of any antibiotic from combination 88 (13.8) 84 (15.61)
Discontinuation of one antibiotic and addition of other 62 (9.7) 58 (10.78)
Addition of antibiotic from different class 10 (1.6) 10 (1.85)
Total 640 538
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Figure 3: Changes pattern in extended-spectrum Antibiotic Regimen

DISCUSSION:

The findings of this prospective observational study provide valuable insights into the antibiotic
prescription patterns among 460 Intensive Care Unit (ICU) patients in Karachi, Pakistan. The
analysis focused on the utilization of antibiotics, with a particular emphasis on extended-spectrum
antibiotics, shedding light on the dynamics from admission to discharge.

The observed distribution of antibiotic regimens on the first and last days of ICU admission
highlights the prevalence of combination therapies, particularly on the initial day. Mono-antibiotic
therapy demonstrated a decrease from the first to the last day, while combination therapies,
especially those involving two antibiotics, showed a substantial decrease. These patterns may reflect
evolving patient conditions and the need for modified antibiotic approaches during the course of
ICU stay.

The examination of extended-spectrum antibiotic regimens revealed a notable shift from the first to
the last day of admission(14). Monotherapy with extended-spectrum antibiotics increased,
indicating a potential refinement in antibiotic choices as patients progressed through their ICU
stay(15, 16). However, the decrease in combination therapies involving extended-spectrum
antibiotics raises questions about the rationale behind these adjustments and warrants further
investigation into the clinical considerations guiding such decisions(17).

The analysis of changes in antibiotic therapy patterns unveiled a considerable proportion of patients
experiencing a complete change in antibiotic regimens(18). This suggests a dynamic decision-
making process among healthcare professionals, potentially influenced by factors such as evolving
clinical conditions, microbial sensitivity results, or adverse effects. Notably, the study identified
instances of discontinuation and addition scenarios, emphasizing the need for ongoing assessment
and optimization of antibiotic therapy(19).

Understanding the intricate patterns of antibiotic prescription in the ICU setting is crucial for
optimizing patient care and addressing challenges such as antibiotic resistance. The observed
changes in therapy underscore the importance of regular reevaluation of antibiotic regimens based
on clinical responses and microbiological data. Furthermore, the increased utilization of
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monotherapy with extended-spectrum antibiotics on the last day of admission may indicate a shift
towards more targeted and streamlined antibiotic approaches(19).

The statistical analysis conducted to assess the association of the extended-spectrum antibiotic
regimen on the first and last days of admission adds a quantitative dimension to understand the
antibiotic prescription patterns(20). On the first day of admission, the Chi-Square tests indicated no
significant association between extended-spectrum antibiotic regimens and the choice between
mono and combination therapy. This lack of association suggests that, at the initiation of ICU
admission, the decision to prescribe extended-spectrum antibiotics may not significantly influence
the choice between mono and combination therapy(21).

However, the scenario shifts dramatically on the last day of admission, where the Chi-Square tests
demonstrate a highly significant association between the extended-spectrum antibiotic regimen and
the choice between mono and combination therapy. The Pearson Chi-Square, Continuity Correction,
Likelihood Ratio, and Fisher's Exact Test all yield p-values of 0.000, underscoring the robustness of
this association. This implies that as patients progress through their ICU stay, the utilization of
extended-spectrum antibiotics becomes closely linked to the decision between mono and
combination therapy.

The observed association on the last day of admission raises important clinical considerations. It
suggests that healthcare professionals may be more inclined to modify antibiotic regimens, opting
for a more targeted approach with extended-spectrum antibiotics as patients approach the end of
their ICU stay(21). This shift could be attributed to several factors, including the availability of
microbiological data, changes in the clinical presentation of the patient, or a response to evolving
resistance patterns.

The significant association identified on the last day of admission emphasizes the role of antibiotic
stewardship in ICU settings. As patients near the end of their ICU stay, healthcare providers might
intensify efforts to optimize antibiotic therapy, considering the implications for both mono and
combination regimens. This finding underscores the dynamic nature of antibiotic decision-making
in critical care, reinforcing the need for regular reassessment and adjustment of treatment plans to
align with evolving clinical conditions.

Study Limitations and Further Investigations: While these findings contribute valuable insights,
it is crucial to acknowledge the limitations of the study, including its prospective nature and reliance
on documented data. Future investigations could delve deeper into the factors influencing the
association identified, exploring the impact of specific clinical indicators, microbial culture results,
and patient outcomes on antibiotic prescription decisions in the ICU.

In summary, the association analysis provides an additional layer of understanding, highlighting the
evolving dynamics of antibiotic prescription practices in the ICU. This information can inform
future interventions aimed at enhancing antibiotic stewardship and optimizing patient care in critical
care settings.

Limitations and Future Directions: It is essential to acknowledge certain limitations, including the
prospective nature of the study and the reliance on documented data. The exclusion of patients
below the age of 18 limits the generalizability of the findings to adult ICU populations. Future
research could explore the factors influencing specific antibiotic choices, including microbial
culture results, patient comorbidities, and local resistance patterns.

In conclusion, this study contributes valuable insights into the antibiotic prescription landscape in an
ICU setting, emphasizing the need for ongoing monitoring and adaptation of antibiotic regimens.
The observed patterns provide a foundation for further research and interventions aimed at
optimizing antibiotic use and improving patient outcomes in critical care settings.

Vol.31 No.2 (2024): JPTCP (2389 - 2398) Page | 2396


https://jptcp.com/index.php/jptcp/issue/view/79

ICU Antibiotic Therapy Dynamics: Examining Extended-Spectrum Antibiotics From Admission To Discharge

References:

1. Moniz P, Coelho L, Povoa P. Antimicrobial stewardship in the intensive care unit: the role of
biomarkers, pharmacokinetics, and pharmacodynamics. Advances in Therapy. 2021;38(1):164-
79.

2. Begum S, Begum T, Rahman N, Khan RA. A review on antibiotic resistance and way of
combating antimicrobial resistance. GSC Biological and Pharmaceutical Sciences.
2021;14(2):087-97.

3. Parra-Rodriguez L, Guillamet MCV, editors. Antibiotic Decision-Making in the ICU. Seminars
in Respiratory and Critical Care Medicine; 2022: Thieme Medical Publishers, Inc. 333 Seventh
Avenue, 18th Floor, New York, NY ....

4. Breijyeh Z, Jubeh B, Karaman R. Resistance of gram-negative bacteria to current antibacterial
agents and approaches to resolve it. Molecules. 2020;25(6):1340.

5. Provenzani A, Hospodar A, Meyer A, Leonardi Vinci D, Hwang E, Butrus C, et al. Multidrug-
resistant gram-negative organisms: a review of recently approved antibiotics and novel pipeline
agents. International Journal of Clinical Pharmacy. 2020;42:1016-25.

6. Trivedi KK, Bartash R, Letourneau AR, Abbo L, Fleisher J, Gagliardo C, et al. Opportunities to
improve antibiotic appropriateness in US ICUs: a multicenter evaluation. Critical care
medicine. 2020;48(7):968-76.

7. Murray E, Draper LA, Ross RP, Hill C. The advantages and challenges of using endolysins in a
clinical setting. Viruses. 2021;13(4):680.

8. Weissman GE, Liu VX. Algorithmic prognostication in critical care: a promising but unproven
technology for supporting difficult decisions. Current Opinion in Critical Care. 2021;27(5):500-
5.

9. Sturm L, Flood M, Montoya A, Mody L, Cassone M. Updates on infection control in alternative
health care settings. Infectious Disease Clinics. 2021;35(3):803-25.

10. Schinas G, Polyzou E, Spernovasilis N, Gogos C, Dimopoulos G, Akinosoglou K. Preventing
Multidrug-Resistant Bacterial Transmission in the Intensive Care Unit with a Comprehensive
Approach: A Policymaking Manual. Antibiotics. 2023;12(8):1255.

11. Thormodsen MS. User-Centered Platform on Antibiotics: Design and Usability Evaluation: The
University of Bergen; 2023.

12. Rynkiewich KR. The Social Dynamics of Antibiotic Use in a Large American Medical
Complex: Washington University in St. Louis; 2020.

13. Schinas G, Dimopoulos G, Akinosoglou K. Understanding and Implementing Diagnostic
Stewardship: A Guide for Resident Physicians in the Era of Antimicrobial Resistance.
Microorganisms. 2023;11(9):2214.

14. Le Terrier C, Vinetti M, Bonjean P, Richard R, Jarrige B, Pons B, et al. Impact of a restrictive
antibiotic policy on the acquisition of extended-spectrum beta-lactamase-producing
Enterobacteriaceae in an endemic region: a before-and-after, propensity-matched cohort study
in a Caribbean intensive care unit. Critical Care. 2021;25(1):1-12.

15. Kollef MH, Shorr AF, Bassetti M, Timsit J-F, Micek ST, Michelson AP, et al. Timing of
antibiotic therapy in the ICU. Critical Care. 2021;25(1):1-10.

16. Campion M, Scully G. Antibiotic use in the intensive care unit: optimization and de-escalation.
Journal of intensive care medicine. 2018;33(12):647-55.

17. Leone M, Roberts JA, Bassetti M, Bouglé A, Lavigne J-P, Legrand M, et al. Update in
antibiotic therapy in intensive care unit: report from the 2019 Nimes International Symposium.
Anaesthesia Critical Care & Pain Medicine. 2019;38(6):647-56.

18. Tsutsui A, Yahara K, Shibayama K. Trends and patterns of national antimicrobial consumption
in Japan from 2004 to 2016. Journal of infection and chemotherapy. 2018;24(6):414-21.

19. Chiotos K, Tamma PD, Gerber JS. Antibiotic stewardship in the intensive care unit: challenges
and opportunities. Infection Control & Hospital Epidemiology. 2019;40(6):693-8.

20. Tacconelli E, Gérska A, De Angelis G, Lammens C, Restuccia G, Schrenzel J, et al. Estimating
the association between antibiotic exposure and colonization with extended-spectrum f-

Vol.31 No.2 (2024): JPTCP (2389 - 2398) Page | 2397



https://jptcp.com/index.php/jptcp/issue/view/79

ICU Antibiotic Therapy Dynamics: Examining Extended-Spectrum Antibiotics From Admission To Discharge

lactamase-producing Gram-negative bacteria using machine learning methods: a multicentre,
prospective cohort study. Clinical Microbiology and Infection. 2020;26(1):87-94.
21. Corona A, De Santis V, Agarossi A, Prete A, Cattaneo D, Tomasini G, et al. Antibiotic Therapy

Strategies for Treating Gram-Negative Severe Infections in the Critically Ill: A Narrative
Review. Antibiotics. 2023;12(8):1262.

Vol.31 No.2 (2024): JPTCP (2389 - 2398) Page | 2398


https://jptcp.com/index.php/jptcp/issue/view/79

