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Background: Intensive Care Unit (ICU) is a specialized ward where critically ill patients are admitted to provide intensive health care 
Inappropriate antimicrobial therapy (AMT) and high mortality rates were documented in the ICU. The influence of irrational use of 
empiric antibiotics on clinical outcomes in ICU patients is not well studied in Sudan.
Aim: This study aims to determine the rational use of antibiotics and its impact on clinical outcomes among ICU patients.
Methods: Using data collection form, a retrospective longitudinal study was conducted among ICU patients at Omdurman Military 
Hospital, Khartoum State. Patients admitted from January 2019 to December 2019 were included in the study. Patients who stayed in 
ICU < 48 hr were excluded. Appropriateness of AMT is assessed using culture sensitivity test (CST) and the American Society of 
Infectious Diseases (IDSA) guideline.
Results: Among 102 patients, 54.9% male, one-third of patients developed nosocomial infections, 80.4% received empiric therapy 
with broad-spectrum antibiotics. The CST is done in 19%, and 43% patients are prescribed inappropriate AMT. Inappropriate AMT is 
associated with recurrent infections 38.4% (p=0.028) and high mortality 33.8% (p=0.014). Overall mortality rate 63.7% ICU patients. 
Elevated mortality in nosocomial 57.8%, decreased with inappropriate AMT in 21.6% patients. Significantly higher mortality rates 
90.7% among uncontrolled infections (p<0.001), 80.6% nosocomial infections (p=0.001), and 76.7% renal compromised (p=0.002).
Conclusion: Empirical AMT reduces the frequency of nosocomial infections, which has an impact on mortality. Inappropriate AMT 
is significantly associated with uncontrolled infections and lower mortality. Implementing a restrictive infectious control system and 
effective stewardship programs in hospital ICU wards is recommended.
Keywords: rational use of antibiotics, mortality rate, intensive care unit, clinical outcomes, appropriate antibiotic therapy

Introduction
The intensive care unit (ICU) is a critical care unit for providing care to critically ill patients that involves intensive and 
specialized medical and nursing monitoring care. Also, it enhances the capacity for multiple methods of physiological 
organ support to sustain life during life-threatening organ system insufficiency.1 Patients with critical infectious diseases 
are also managed in the ICU; they can become a significant source of spreading infectious organisms, which may lead to 
nosocomial infections. Nosocomial infections are associated with increased morbidity, mortality, and health-care costs.2 

Nosocomial infections are a serious patient safety concern in the modern healthcare system as it is the fifth most 
hazardous cause of death among hospitalized patients.3 The mortality rates associated with nosocomial infections can 
reach 60%, accounting for approximately 40% of total ICU expenditures.4

The World Health Organization (WHO) defines the rational use of drugs as requiring that patients receive medications 
appropriate to their clinical needs, in doses suitable to their requirements for an adequate period, and at an affordable cost 
to them and their community.2 Available evidence shows that 20% to 50% of antimicrobial prescriptions in the hospital 
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are inappropriate.2 Reduction in the quality of drug therapy is associated with increased morbidity and mortality, wastage 
of resources affected in reducing the availability of other vital drugs, increased costs, increased risk of unwanted effects, 
and the emergence of antimicrobial drug resistance.5 There is also an adverse psychosocial impact of irrational 
prescribing by perpetuating the notion that every symptom requires medication.6 Extensive and irrational use of 
antibiotics has also been reported to increase the risk of toxicity and drug interactions.7 Worldwide, over 50% of 
antibiotics are prescribed, dispensed, or sold inappropriately, while 50% of patients cannot take them correctly.2 

Unfortunately, the situation is alarming; because of inappropriate use, the effective medicines of yesterday become 
ineffective today. The early initiation of empiric therapy and the selection of optimum antibiotics lead to a better outcome 
for the patient, prevent complications, and shorten the duration of illness.8 It is crucial for each hospital to have its 
antibiotic prescribing protocol to ensure appropriate treatment of patients and reduce antibiotic resistance. There are 
many factors influencing the use of antibiotics in hospitals, for example, the characteristics of the patients, susceptibility 
to antibiotics, and the hospital restrictions on antibiotic use. In Sudan, there was a significant resistance rate to most 
antibiotics frequently used in hospitals.9 However, extensive use of both broad- and narrow-spectrum antibiotics in ICU 
may develop resistant strains of bacteria and other pathogens.10 Antibiotic resistance within the ICU is very high because 
nosocomial infections require multiple antimicrobial therapies.10 Therefore, this study aims to determine the rational use 
of antibiotics and its impact on clinical outcomes and mortality rates among ICU patients.

Materials and Methods
Study Design, Settings
A retrospective longitudinal study was conducted among patients admitted to medical ICUs at Omdurman Military 
Hospital, Khartoum State, between January 2019 and December 2019. Omdurman Military Hospital is a tertiary hospital 
with more than 500 Beds. The hospital offers medical, surgical, orthopedic, pediatric, obstetrics and gynecology, ear, 
nose and throat, dental, and psychological services. The two wards of the medical ICU have 20 beds.

Study Population
The study included all patients who fulfilled the inclusion criteria, were admitted into the ICU, and subsequently 
discharged/died in Omdurman Military Hospital, Sudan. Patients aged ≥ 18 years with ≥48 hours of ICU stay were 
included in the study.

Study Questionnaire
A data collection form was used; the variables included were compared with previously reported studies. The developed 
checklist form was subjected to content validity through a focus group discussion of clinical researchers and practitioners 
to identify any missed variable or clinical consequence. The variables included socio-demographic data, medical history 
(such as diagnosis, comorbidities, type of infections, performed of CST, suffering from nosocomial infection), laboratory 
data, medication, and clinical outcomes (death or discharge).

Measurement of Clinical Outcomes
Clinical evaluation for each patient record was performed. The clinical outcomes were determined on the last day 
regarding “discharge” or “death” after treatment. Renal function was determined using the Cockcroft-Gault equation,11 

and guidelines from the Physician Desk Reference and British National Formulary (BNF) were used to determine the 
dose adjustment and required dose after adjustment.12,13 The need for dose adjustment and required quantity after 
adjustment were determined using guidelines from the National Institute of Health and Care Excellence.14 The adverse 
events and drug interactions for every administered drug were determined by Stockley’s drug interaction.15 We defined 
inappropriate prescriptions as antibiotics for a health event determined not to require antibiotic therapy. The infection 
treatment was determined by reducing white blood cell (WBC) count and fever. The appropriateness of the antibiotic 
therapy was determined using the results of a culture sensitivity test (CST) and the American Society of Infectious 
Diseases (IDSA) guidelines.
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Data Analysis
All the data collected through the data collection form were entered into a spreadsheet in Statistical Package for Service 
Solutions (SPSS version 25) after carefully defining all the variables under study. The analysis was performed in two 
steps, including a descriptive analysis in which the patient’s clinical situation and various variables were described using 
frequencies and percentages. Inferential statistics were performed to determine the associations between patient- and 
therapy-related variables, clinical outcomes, and mortality rate using Pearson’s chi-squared test. A statistically significant 
was considered when the P-value <0.05

Results
Characteristics of Study Patients
This study involved 102 patients admitted to ICUs between January 2019 and December 2019 and fulfilled the inclusion 
criteria. The characteristics of the study patients were identified; more than half, 56 (54.9%) of the patients were males, 
and 67 (66%) were above 55 years old. Moreover, the duration of patient stay in the ICUs ranged between 2 days to 
a month, and 46 (45%) of the patients admitted to the ICUs for 1 week or less.

Infections and Use of Antibiotics Among Study Patients
Table 1 illustrates that 31 (30.4%) patients developed infections during the study period and were diagnosed with 
nosocomial disorders. However, 82 (80.4%) patients were being administered empiric treatment with broad-spectrum 
antibiotics during admission to the ICU. The pattern of nosocomial infection was lower among the patients who initiated 
empiric antibiotic therapy 25 (24.5%), which is statistically insignificant (p=0.265). The CST samples were drawn from 
19 (18.6%) patients, as presented in Figure 1. Moreover, the frequency of antimicrobial drugs prescribed among the study 
patients is shown in Table 2.

In the current study, 44 (43%) patients were prescribed antibiotics that were not according to the recommendations of 
IDSA. Of these patients, 23 (52.2%) were discharged after recovering, as presented in Table 3. On the other hand, 58 
(57%) patients were prescribed appropriate antibiotics following the IDSA recommendations.

Association Between Antibiotic Therapy and Clinical Outcomes
Table 3 shows the association between the appropriate use of antibiotic therapy and the clinical outcomes. There was 
a statistically significant association between the administration of inappropriate antibiotic therapy and recurrent infec-
tions among study patients (p-value=0.028) and high mortality among ICU patients (p-value=0.014). The drug–drug 
interactions 27 (60%) increased among patients who received appropriate antibiotics (p-value<0.001). Furthermore, the 
mortality rate among patients who received inappropriate antibiotics was 21.6%, as shown in Figure 2.

Mortality Rate Among ICU Patients
The current study also demonstrated an overall mortality rate of 65 (63.7%) among ICU patients. However, mortality 
rates of 57.8% were observed among patients with nosocomial infections, 46.1% of patients not performing CST, and 
42.2% in renal compromised patients. The mortality rates among patients with different clinical conditions are demon-
strated in Figure 2.

Table 1 Association Between the Development of Nosocomial Infection and Initiation of 
Empiric Antibiotic Therapy Among Study Patients (n=102)

Patients with Nosocomial  
Infections

Initiation of Empiric Antimicrobial Therapy P-value*

Yes N (%) No N (%) Unknown N (%)

Yes 25 (24.5) 4 (3.9) 2 (1.9) 0.265

No 47 (46.1) 13 (12.7) 11 (10.7)

Note: *Chi-square test.
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The current study also documented that more than 50% of the patients who received inappropriate antibiotic therapy 
were discharged from the ICU (p-value=0.014). However, a higher mortality rate of 59 (90.7%) was documented in 
patients with uncontrolled infections despite receiving appropriate antibiotic therapy (p-value<0.001). Moreover, 25 

Table 2 Frequency of Antimicrobial Drugs 
Prescribed Among Study Patients

Drug Frequency (%)

Broad-spectrum

Carbapenems 18 (17.6)

Penicillin 15 (14.7)

Cephalosporin 17 (16.7)

Aminoglycosides 11 (8.8)

Fluoroquinolones 11 (7.8)

Narrow-spectrum

Vancomycin 12 (11.7)

Tigecycline 2 (1.9)

Figure 1 The frequency of changes in antibiotic therapy after initiation of empiric therapy. 
Abbreviations: CST, culture sensitivity test; ICU, intensive care units.

Table 3 Association Between the Clinical Outcomes and the Appropriateness of Antibiotic 
Therapy Among Study Patients (n=102)

Clinical Variables Appropriateness of Antibiotic Therapy P-value*

Yes N (%) No N (%) Unknown N (%)

Infection even after antibiotic administration 22 (33.8) 25 (38.4) 18 (27.6) 0.028

Patients used ventilator 22 (48.8) 12 (26.6) 11 (24.4) 0.084

Dead patients 21 (32.3) 22 (33.8) 22 (33.8) 0.014

Drug-drug interaction 27 (60.0) 15 (33.3) 3 (6.6) <0.001

Notes: *Chi-square test; Bold emphasis denotes statistical significance, p-value<0.05.
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(80.6%) and 29 (64.4%) were the mortality rates among the patients with nosocomial infections (p-value=0.001) and 
patients on ventilators (p-value=0.007), respectively, as presented in Table 4.

In our study, 45 (44.1%) patients were on ventilators. However, 22 (48.8%) of them received appropriate antibiotic 
therapy, and 29 (64.4%) had a high mortality rate. Nevertheless, in ICU patients, most drugs are excreted through the 
kidneys, and assessing kidney function is critical in ensuring safe and effective therapy administration.16 In this study, 56 
(54.9%) were renal-compromised patients who needed special consideration in drug therapy, and out of them, 43 (76.7%) 

Table 4 Associations Between Clinical Variables and the End Outcomes Among ICU 
Patients

Clinical Variables Clinical Outcome P- 
value*

Death 
N (%)

Discharge 
N (%)

Inappropriate antibiotic therapy 21 (47.7) 23 (52.2) 0.014

The culture sensitivity test was not performed 47 (92.1) 36 (43.4) 0.107

No initiation of empirical antibiotic therapy 6 (20.0) 24 (80.0) 0.025

Renal dose adjustments required 33 (76.7) 10 (23.2) 0.016

Use of steroids 21 (63.6) 12 (36.3) 0.891

Patients on ventilator 29 (64.4) 16 (35.5) 0.007

Infection (not well-controlled infection), even after the 

use of antibiotic

59 (90.7) 6 (9.2) 0.000

Nosocomial infection 25 (80.6) 6 (19.3) 0.001

Renal compromised patient 43 (76.7) 13 (23.2) 0.002

Drug-drug interaction 25 (55.5) 20 (44.4) 0.098

Notes: *Chi-square test; Bold emphasis denotes statistical significance, p-value<0.05.

Figure 2 The mortality rate of various clinical conditions among the study patients (n=102). 
Abbreviation: CST, Culture Sensitivity Test.
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patients died at the end of the study duration, as illustrated in Table 4. Moreover, the frequency of nephrotoxic drugs 
prescribed among them was documented as 17 (30.4%) proton pump inhibitors (PPIs), 10 (17.9%) penicillin, 9 (16.1%) 
aminoglycoside, 8 (14.3%) analgesic steroidal drugs, 7 (12.5%) fluoroquinolones, and 5 (8.9%) vancomycin.

Discussion
In the current study, 80.4% of patients were prescribed empiric broad-spectrum antibiotics during ICU admission. 
However, this rate of patients receiving empiric therapy with broad-spectrum antibiotics is higher than that of 
a similar study conducted in South Africa that found the rate to be 73.3% and 73.5%, respectively,17,18 a lower pattern 
was documented in North America, Europe, and Pakistan, at 68% and 28.8%, respectively.19,20 The current study finding 
was higher than previous studies conducted among ICU patients in Sudan and India, documenting that antibiotics were 
prescribed to all study patients.21,22 This higher rate of prescribing empirical antibiotics could be explained by the fact 
that the health-care practitioner was not concordant with standard guidelines in the patient’s therapy.

Our study also showed that appropriate antibiotic therapy was prescribed in 57% of patients. This finding is higher 
than the previous study, where 14% of patients were appropriately prescribed antibiotics and discharged after recovery.19 

However, mortality among patients who received inappropriate antibiotics was higher, 96.5%, than in our study, 47.7%. 
In contrast, our study result was lower than another study, finding that empiric antibiotic treatment was appropriate in 
77.5%.23 Moreover, a previous study conducted in Khartoum documented inappropriate empiric choice in 44.9%, and 
broad antibiotics were used among 40.6% of study patients.24 This discrepancy could be explained by the hospitals’ lack 
of established protocols or infectious control committees. Consequently, standard treatment guidelines for empirical 
antibiotic therapy should be developed for Sudanese patients based on the local antibiotic resistance susceptibility 
pattern. However, all ICU patients are at high risk for developing infections due to intense pathological and critical 
conditions. Therefore, all measures should be taken to prevent infections. Nevertheless, antibiotics could be appropriately 
used with an antibiotic stewardship program and drug utilization evaluation (DUE) to maximize the therapeutic response 
and reduce unintended side effects.25

However, in the absence of an antibiotic control or stewardship program in the hospital and none of the prescribed 
therapies reviewed by clinical pharmacists specialized in infectious diseases, inappropriate therapy was prescribed in 
43% of patients, which is very low compared to previous data.26 Inconsistent with an earlier study, inappropriate empiric 
antimicrobial therapy was associated with serious interactions and unwanted adverse reactions.20 However, inappropriate 
use of antibiotics among hospitalized patients was not only reported in developing countries 97% and 58.5% in Indonesia 
and Sudan, respectively,27,28 but also documented in the developed county as in the United States among 44–97% of 
hospitalized patients.29 Nevertheless, the irrational use of antibiotics leads to an escalation in the morbidity and mortality 
rate in the community, health-care costs, and the development of antibiotic resistance.30,31 The mortality rate among 
inappropriate antibiotic therapy ICU patients in this study was 21.6%. This result differs from another study that showed 
mortality of inappropriately treated 88% of patients.32 The use of standardization and guidelines for antibiotic therapy 
may explain this discrepancy in mortality among ICU patients.

In the current study, the spread of nosocomial infections was documented among one-third of study patients; this 
finding is consistent with the result of a previous retrospective study.19 This might be related to poor hygienic conditions; 
proper sterilization and disinfection could not be attained at all levels due to high patient influx.33,34 However, in our 
study, a higher percentage, 46.1%, of the patients who received empiric therapy did not develop nosocomial infection 
during ICU admission. Similarly, previous studies demonstrated a reduction of nosocomial infections among ICU 
patients associated with empiric antimicrobial therapy.19,35 The explanation of this finding might be due to early effective 
treatment of suspected infections by empirical therapy. Therefore, using antibiotics judiciously and following established 
guidelines can prevent the emergency of antibiotic resistance and ensure optimal patient outcomes.

Furthermore, this study also found that the CST was done in 19% of patients, while a prospective study performed in 
43 Italian ICU patients found that CST followed the onset of empiric antibiotic treatment in 93% of the cases.16 The test 
was done for 46.7% of the patients in a study conducted in India.21 Also, our findings disagree with a previous study in 
an ICU in Sudan, which showed that CST was not done for all patients.22 This discrepancy could be explained by the 
socio-economic situation in developing countries, which leads to insufficient health services and a low rate of CST use. 
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However, excessive and inappropriate use of empiric antibiotics is a major cause of antibiotic resistance, especially if the 
antibiotics were administered for a long time without a CST to identify the type of organism.

In the present study, an overall mortality rate of 63.7% was found among patients in ICU. However, a lower mortality 
rate was documented in previous studies in Sudan, Northland, India, and Turkey.22,36–39 Higher result was observed in 
previous studies.19,40,41 This discrepancy confesses to variations between countries in implementing great systems for 
infectious control and antibiotics stewardship programs and concord with standard guidelines. Consequently, higher 
mortality rate among all ICU patients was found in patients with nosocomial infections, 57.8%. These results were lower 
than those in Spain and Turkey at 69%.40,42 This variation could be related to the higher impact of nosocomial infections 
contracted in critical care, which are ventilator-associated pneumonia, central line-associated bloodstream infection, and 
urinary catheter-related urinary tract infection. Furthermore, this study displays that approximately 81% of the mortality 
among patients experienced nosocomial infections. Lower mortality, 28.1%, was documented in an Indian study.38 The 
difference is probably related to good hygiene practices and ventilatory care. Consequently, this study found a lower 
mortality rate in patients who had not initiated empiric antibiotic therapy, 5.6%. This finding is probably supported by the 
fact that inadequate initial empiric antimicrobial treatment was not associated with higher mortality in ICU patients in 
Canada.43

The present study found a high mortality rate of 76.7% among renal-compromised patients, which is lower than 
Pakistan’s study result of 85.4%.19 Our study results are higher than a previously reported study in seven adult ICUs of 
the tertiary medical center in 57%.44 High mortality among renal compromised patients is usually due to use of 
corticosteroids and other nephrotoxic agents without adequate dose monitoring, which leads to decreased glomerular 
filtration rate in ICU patients. This variation in mortality could be due to disparity in CLOSE monitoring for the renal 
profile of ICU patients. However, inappropriate use of antimicrobials and noncompliance with infection control 
precautions are the main risk factors for antimicrobial resistance. Antimicrobial resistance has become a global 
concern and particularly a life-threatening issue in Sudan. Therefore, implementing infection control with specialized 
health-care providers, including clinical pharmacists, hospital protocol, and a strong stewardship program will 
minimize the risk of infections and resistant strains in health-care settings, particularly in ICUs, and improve patient 
quality of life.

Limitation
The present study provides insight into the rational and inappropriate use of antibiotics and its impact on ICU patients’ 
clinical outcomes. To the best of our knowledge, this is the first study that evaluates the rational and inappropriate use of 
antibiotics and mortality rates among ICU patients in Sudan. The findings reveal the requirement for more infection 
control and reasonable use of antimicrobial therapy to improve clinical outcomes and mortality rate. Despite these, some 
limitations should be considered with caution. Firstly, the research was conducted as a retrospective study. Therefore, 
some information on study patients may be missed. Secondly, national guidelines and hospital protocols for antimicrobial 
therapy need to be well established. Therefore, the use of IDSA guidelines is probably not comparable. The emphasized 
limitations of this study should be abridged in future studies.

Conclusion
Irrational and inappropriate antibiotic therapy among ICU patients is a leading cause of antimicrobial resistance and 
nosocomial infection. Inappropriate antibiotic therapy is significantly associated with uncontrolled infections and 
nosocomial infections. The highest mortality rate was observed among study patients. Nosocomial infection, uncon-
trolled infection, ventilator, and renal compromised patients significantly influenced mortality. Intensive care units must 
maintain regional antimicrobial resistance surveillance and provide the necessary antibiogram data in Sudan. Local 
protocols, improving awareness, training, and continuous education for health-care providers, and optimizing antimicro-
bial medicines should be top priorities in hospital ICUs. Medication review with close monitoring of ICU patients under 
a competent intensive care specialized clinical pharmacist’s supervision can help reduce various factors influencing the 
mortality rate and other clinical outcomes. Health-care policymakers must implement infection control systems and 
effective antimicrobial stewardship programs to improve health-care outcomes and patients’ quality of life.
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