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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Patients in intensive care units are 

more susceptible to catheter-associated urinary tract 
infections (CAUTIs) caused by drug resistant bacteria. 
Methods: This retrospective study was done to determine 
the antibiogram of Urinary Catheter-associated Bacterial 
Pathogens in the Intensive Care Unit, at King Khalid 
General Hospital, Saudi Arabia, using full automated 
MicroScan walkaway 96 plus Beckman Coulter. 
Results: Among the identified bacteria, Escherichia coli and 
Klebsiella pneumoniae were the most prevalent, accounting for 
33.7% (29/86) and 23.3% (20/86), respectively. High resistance 
was documented against ciprofloxacin 75.6% (65/86), 
cefuroxime 69.8% (60/86), levofloxacin 68.6% (59/86) and 
amoxicillin/clavulinic acid 65.1% (56/86), but Colistin showed 
high activity against the isolated bacteria with low resistance 
rate 5.81 % (5/86). Frequency of multi-drug-resistant bacteria 
revealed a rate of 65.1% (56/86). Resistance to piperacillin/
tazobactam and cefuroxime was significantly associated with 
length of stay in the intensive care unit, duration of antimicrobial 
use, and catheterization duration with a p < 0.05. Also, the 
results strongly indicated that resistance to all cephalosporins 
examined was significantly associated with long stay in ICU. 
Conclusion: The identified bacteria among CAUTIs displayed 
resistance to at least one agent in three or more antimicrobial 
groups, indicating high resistance of common prescribed 
antibacterial agent in the study area.

Key words. Antibiogram, urinary catheter-associated bacteria, 
multidrug resistance.
Introduction.

Antimicrobial resistance is a growing global phenomenon 
that threatens patient survival and increases rates of infection, 
treatment failure, and death [1]. In order to reduce antimicrobial 
resistance, activating antimicrobial stewardship is crucial [2]. 
Antimicrobial stewardship forms the foundation upon which 
appropriate interventions to combat antimicrobial resistance 
are built. In the same context, the basic information required to 
intervene to address the resistance problem includes knowledge 
of the indications for antimicrobials use, the types of common 
pathogenic bacteria, and existing resistance mechanisms [3-5]. 

A urinary catheter is used to pass urine directly from the 
bladder in certain medical conditions such as fainting, urinary 
retention, and tumors. However, a urinary catheter is a foreign 
body that contributes to the development of urinary tract 
infections, especially in intensive care patients [6]. Most patients 
in intensive care units develop catheter-associated urinary tract 

infections, leading to prolonged length of stay and antimicrobial 
[7]. It is virtually impossible to avoid catheter-associated 
infections due to the nature of the catheter as a foreign body, 
the patient's health condition, and adherence to infection control 
measures related to catheter fixation guidelines [8,9]. 

The most important cause of urinary tract infections in 
hospitals is the fixation of the urinary catheter, the hypothesis 
of the transmission of pathogens increases throughout the 
period of use and the absence of infection control measures 
[10]. Infections in surgical sites (infections after surgery) and 
catheter-acquired urinary tract infections are the most important 
diseases related to hospitals at the global level [11,12].  
Documents indicate an alarming emergence of drug-resistant 
and multidrug-resistant urinary tract pathogens [13,14]. In fact, 
catheter-associated urinary tract infections are often caused by 
drug-resistant bacteria, so the multidrug resistance hypothesis is 
strong [15]. Studying resistance patterns to drugs used to treat 
catheter-associated urinary tract infections helps determine the 
prevalence of resistant bacteria and the appropriate selection of 
effective drugs [16]. 

Gram-negative bacteria are important predominant causative 
agents of catheter-associated urinary tract infections, followed 
by Gram-positive bacteria [17]. Escherichia coli is reported 
to be the most common species worldwide, followed by less 
common species such as Klebsiella pneumoniae, enterococcus, 
Staphylococcus aureus, Proteus, and Pseudomonas aeruginosa 
[18,19]. AMR is mainly attributed to four specific resistant 
microorganisms commonly acquired in healthcare settings 
[20]. These include Escherichia coli and Klebsiella pneumoniae 
that exhibit resistance to third-generation cephalosporins, 
Methicillin-resistant Staphylococcus aureus (MRSA), and 
Pseudomonas aeruginosa resistant to carbapenems [21,22]. 
Multidrug-resistant bacteria in catheter-related infections 
present significant concerns due to limited treatment options 
and the risk of therapeutic failure. According to many published 
data multidrug-resistant pathogens are defined by resistance 
to at least one agent from three or more distinct antimicrobial 
groups [23,24]. 

In fact, the study of catheter-associated urinary tract infections 
(CAUTIs) is part of the National Survey of Hospital-Acquired 
Infections in Saudi Arabia, and therefore the results of this study 
can be compared and strategies such as antibiotic use policies 
evaluated. 

The present retrospective study aimed to identify the 
bacterial species contributing to catheter-associated urinary 
tract infections and analyze the resistance to the antimicrobial 
agents used. Understanding the spectrum of pathogens causing 
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multidrug-resistant infections, their antimicrobial resistance 
profiles and their origin within hospitals is critical for effective 
treatment strategies and infection control measures in hospitals.
Materials and Methods.
Study settings:

This study was conducted at King Khalid General Hospital in 
Saudi Arabia, located in the city of Hafer Al-Baten, and followed 
a retrospective design to achieve its objective. Bacterial profile, 
infection risk factors and antibiogram were evaluated from ICU 
patients with catheter-associated urinary tract infections in the 
period from January 2022 to December 2023. The findings 
aimed to highlight the most common bacterial species causing 
catheter-associated urinary tract infections (CAUTIs) in the 
intensive care unit (ICU), analyze the effective antimicrobials, 
and detect the rate of multidrug resistance. 

Adult ICU participants aged 30 to 90 years, who had been in 
a urinary catheter for more than 48 hours, and who presented 
with symptoms of catheter-associated urinary tract infections, 
were enrolled in the current study. Patient data were recorded 
according to the risk factors for infection, length of stay in the 
intensive care unit, duration of antimicrobial use, and catheter 
age.

Primary isolation of bacterial species performed using Blood 
agar and CLED agar medium and the mixed infection were 
subculture, while identification was accomplished by MicroScan 
Dried Gram-Negative Breakpoint Combination Panels. These 
panels were used to assess sensitivity to antimicrobial agents and 
identify both aerobic and facultative anaerobic Gram-negative 
bacilli at the species level. Procedures included panel preparation, 
bacterial inoculums adjustment, rehydration/inoculation, and 
incubation. The RENOK system, equipped with Inoculators-D, 
was utilized for rehydration and inoculation steps. The panels 
were incubated for 16 hours at 35°C. The Biotype Lookup 
Software Program facilitates the identification of bacterial 
species. Drug sensitivity was determined by comparing the 
minimum inhibitory limit (MIC) of an antimicrobial for bacteria 
with the achievable concentration in blood or urine, according 
to the interpretive breakpoints described in the CLSI (2023) 
document. Multi-drug resistance (MDR) was characterized by 
acquired non-sensitivity to at least one agent across three or 
more antimicrobial categories.

The Negative Breakpoint Combo 50 is a microbiological 
diagnostic panel that was used for identification and susceptibility 
assessment of Gram-negative bacteria. Antimicrobial agents 
used in this study are shown below in (Table 3). 
Statistical analysis:

Statistics of study findings were accomplished using SPSS 
statistic version 23. Descriptive analysis of socio-demographics, 
bacterial species and antimicrobial resistance were presented 
as frequency. Association between antimicrobial resistance 
and length of stay in ICU, duration of antimicrobial use and 
catheterization was evaluated by chi-square test in which a 
p-value of < 0.05 was considered significant.
Results.

As shown in (Table 1), intensive care unit participants ranged in 
age from 30 to 90 years, with a mean age ± standard deviation of 

Parameter N = (%)
Sex:
Male 44 (64.7)
Female 24 (35.3)
Total 68 (100)
Age group:
Less than 60 yrs 14 (20.6)
More than 60 yrs 54 (79.4)
Total 68 (100)
Length of stay in ICU
Less than 2 weeks 52 (76.5)
More than 2 weeks 16 (23.5)
Total 68 (100)
Duration of Antimicrobials Use:
Less than 10 days 50 (73.5)
More than 10 days 18 (26.5)
Total 68 (100)
Comorbidities:
Diabetes Mellitus 50 (73.5)
Hypertension 44 (64.7)
Cardiovascular disease 10 (14.7)
Urinary tract infection 20 (29.4)
Others 58 (85.3)
Total 68 (100)
Catheterization:
Catheter type:
Foley 12 (17.6)

Table 1. Baseline data of ICU participants. No = 68.

Bacterial species Frequency (%)
Acinetobacter baumannii/haemolyticus
E. cloacae
E. coli
E. faecalis
K. aerogenes
K. pneumoniae
M. morganii
P. aeruginosa
P. alcalifaciens
P. mirabilis

2 (2.3)
3 (3.5)
29 (33.7)
6 (7.0)
2 (2.3)
20 (23.3)
4 (4.7)
9 (10.5)
1 (1.2)
10 (11.6)

Table 2. Frequency of bacterial species isolated from catheter-associated 
urinary tract infections in ICU patients. No = 86.

68.32 ± 10.86 years. In terms of gender distribution, the majority 
of cases were males 64.7% (44/68), while the percentage of 
females was 35.4% (24/68). The age groups (less than 30 years) 
and (more than 60 years) represented 20.6% (14/68) and 79.4% 
(54/68) of the frequency, respectively. Participants' length of 
stay in the ICU was categorized as less than two weeks 76.5% 
(52/68) and more than two weeks 23.5% (16/68), while the 
duration of antimicrobial use was recorded as less than 10 days 
73.5% (50/68) and more than 10 days 26.5 (18/68). Among the 
ICU patients studied, the most common comorbidities were 
diabetes mellitus 73.5% (50/68), followed by hypertension 
64.7% (44/68). The results showed that silicone catheters 82.4% 
(56/68) were more commonly used than Foley catheters, and 
that 50% (34/68) of ICU patients had catheterization for more 
than one week.
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Table 3. Overall resistance of isolated bacterial species causing catheter-associated urinary tract infections in intensive care unit patients. No 86.

Antimicrobial Resistance n (%)
Amoxicillin/Clavulanate 56 (65.1)
Piperacillin/Tazobactam 32 (37.2)
Cefuroxime 60 (69.8)
Cefotaxime 57 (66.3)
Ceftazidime 52 (60.5)
Cefepime 48 (55.8)
Cefoxitin 49 (57)
Meropenem 32 (37.2)
Imipenem 36 (41.9)
Ertapenem 48 (55.8)
Amikacin 36 (41.9)
Gentamicin 41 (47.7)
Tobramycin 57 (66.3)
Ciprofloxacin 65 (75.6)
Levofloxacin 59 (68.6)
Norfloxacin 60 (69.8)
Tetracycline 48 (55.8)
Tigecycline 34 (39.5)
Monobactam 57 (66.3)
Trimethoprim/Sulfamethoxazole 60 (69.8)
Colistin 5 (5.81)
Nitrofurantoin 51 (59.3)

Acinetobac ter 
baumannii/ haemolytic 
us (n = 2)

E. 
cloacae 
(n= 3)

E.
coli (n
=29)

E.
faecalis 
(n=6)

K.
aeroge 
nes 
(n=2)

K.
pneum 
oniae 
n=20)

M.
morga 
nii (n=4)

P.aer 
uginosa 
(n=9)

P.al calif 
aciens 
(n=1)

P.m irabilis 
(n=10)

Amox/KClav 2 3 14 4 2 14 2 7 0 8
Piperacilli n/
Tazobactam 2 3 8 4 0 14 0 0 0 2

Cefuroxime 0 3 17 4 2 15 4 7 0 8
Ceftazidime 2 3 14 4 2 14 0 4 1 8
Cefepime 2 3 14 4 1 18 0 4 0 2
Cefoxitin 0 3 13 4 2 14 0 7 0 6
Meropenem 2 3 7 4 0 12 0 0 0 4
Imipenem 2 3 7 4 0 8 4 0 0 8
Ertapenem 0 3 12 4 0 14 0 7 1 7
Monobactam 2 3 15 4 2 14 0 6 1 10
Amikacin 2 3 9 4 2 10 0 2 0 4
Gentamicin 0 3 9 4 2 10 0 5 0 8
Tobramycin 2 3 19 4 2 17 0 4 0 6
Ciprofloxacin 2 3 21 2 2 19 4 4 0 8
Levofloxacin 2 3 18 2 2 16 2 6 0 8
Norfloxacin 2 3 19 2 2 18 0 6 0 8
Tetracycline 2 3 12 4 2 11 2 6 0 6
Tigecycline 2 3 2 4 2 4 4 6 0 7
Trimeth/Sulfa 2 3 17 4 2 13 4 7 0 8
Colistin 0 0 3 0 0 1 0 0 0 1
Nitrofurantoin 0 3 8 6 2 14 4 4 0 10

Table 4. Resistance patterns of bacterial species isolated from patients studied in the intensive care unit. (n = 86).
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Antimicrobial Length of stay in ICU 
P value

Duration of Antimicrobial Use
P value

Duration of catheterization P 
value

Amoxicillin/Clavulanate .069 .354 .017
Piperacillin/Tazobactam .001 .006 .001
Cefuroxime .006 .003 .010
Cefotaxime .002 .034 .321
Ceftazidime .021 .136 .699
Cefepime .005 .041 .484
Cefoxitin .008 .057 .070
Meropenem .944 .431 .450
Imipenem .103 .857 .368
Ertapenem .078 .283 .412
Monobactam .001 .018 .200
Amikacin .033 .632 .172
Gentamicin .157 .400 .573
Tobramycin .002 .034 .148
Ciprofloxacin .537 .396 .912
Levofloxacin .006 .003 .240
Norfloxacin .011 .147 .568
Tetracycline .169 .077 .872
Tigecycline .837 .109 .172
Trimethoprim/Sulfamethoxazole .147 .085 .240
Colistin .764 .528 .317
Nitrofurantoin .945 .618 .131

Table 5. Association between resistance of antimicrobials and Length of stay in ICU, Duration of Antimicrobial Use and catheterization among 
ICU patients.

Figure 1. Frequency of multi-drug resistant bacteria causing catheter-associated urinary tract infections in intensive care unit patients. No 86. 
MDR: Multi-drug resistant; Non-MDR: Non-multidrug resistant.
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In total, ten non-fastidious bacterial species were isolated as 
pathogens of catheter-associated urinary tract infections (Table 
2). The overall number of identified strains was 86. Escherichia 
coli and Klebsiella pneumoniae were the most prevalent, 
accounting for 33.7% (29/86) and 23.3% (20/86), respectively. 
Less common species were P. mirabilis at 11.6% (10/86) and 
P. aeruginosa at 10.5% (9/86). The polymicrobial infection was 
detected in 36.76% (25/68) of patients.

The classes of penicillin examined showed variable 
resistance; the resistance rate to amoxicillin/clavulanate was 
higher (65.1%) than to piperacillin/tazobactam (37.2%). The 
current sensitivity results showed that, bacterial resistance to 
cephalosporins was at near levels; isolated bacteria revealed 
the highest resistance to cefuroxime at 69.8% followed by 
Cefotaxime at (66.3%). Carbapenems sensitivity was best 
with meropenem, with 37.2% resistance while ertapenem 
resistance was 55.8%. Amikacin recorded the lowest resistance 
frequency among the aminoglycoside group at 41.9%, making 
it the most effective aminoglycoside in the present study, in the 
same group, tobramycin showed poor efficacy, with resistance 
reaching 66.3%. Regarding fluoroquinolones sensitivity, the 
isolated bacterial species showed high resistance against the 
studied antimicrobial; Ciprofloxacin resistance showed the 
highest rate among all antimicrobials tested, at 75%. Among 
the tetracyclines, tigecycline yielded a low resistance against 
bacterial species of 39.5%. Other antimicrobial agents from 
different classes resulted in similar resistance levels such as 
monobactam of 66.3%, antrimethoprim/sulfamethoxazole 
69,8% and nitrofurantoin 59.3%. The colistin resistance rates 
reveal 5.81%.

The total number of bacterial species isolated from ICU 
patients was 86 isolates; complete resistance was observed 
among the three E. cloacae stains, while the two Acinetobacter 
baumannii/haemolyticus stains showed susceptibility to only 
five antimicrobial classes. Escherichia coli and Klebsiella 
pneumoniae were the predominant species. Furthermore, 
Klebsiella pneumoniae strains were almost completely resistant 
to ciprofloxacin. Fortunately, Pseudomonas aeruginosa was 
fully susceptible to piperacillin/tazobactam, meropenem, 
and imipenem. P. mirabilis expressed complete resistance to 
monobactam and Nitrofurantoin antimicrobials (Table 4).

(Table 5) represents the relationship between antimicrobial 
resistance, length of stay in the intensive care unit, duration 
of antimicrobial use, and catheterization among ICU patients. 
Piperacillin/tazobactam and cefuroxime resistance were 
significantly associated with length of stay in the intensive 
care unit, duration of antimicrobial use, and catheterization 
with p value of less than 0.05. The results strongly indicated 
that resistance to all cephalosporins examined was significantly 
associated with longer ICU stay; p values for Cefuroxime, 
Cefotaxime, Ceftazidime, Cefepime and Cefoxitin equal 
0.006, 0.002, 0.021, 0.005 and 0.008 respectively. Drugs such 
as monobactam, tobramycin, and levofloxacin, all of which 
belong to different classes of antimicrobials, were significantly 
associated with length of ICU stay and duration of antimicrobial 
use, while their association with catheterization was not 
statistically significant.

Discussion.
Studies have confirmed that catheter-associated urinary tract 

infections (CAUTIs) occur commonly in hospital settings 
[25]. and are usually caused by resistant bacterial pathogens 
[26].  Studying the bacterial pathogens associated with urinary 
catheters in the intensive care unit aids treatment by isolating 
pathogens and determining their antimicrobial resistance 
patterns.

Regarding gender, this study noted a slight variation in the 
frequency of catheter-associated UTI among the studied cases, 
with males recording a higher frequency, however, females are 
known to be more susceptible to both urinary tract infections 
and catheter-associated UTIs [27]. Data related to the duration 
of stay in intensive care units (ICUs) indicates a diverse patient 
demographic within critical care settings. The considerable 
variation, ranging from as little as three days to an extensive 146 
days, underscores disparities in disease severity, the complexity 
of required medical interventions, and recovery trajectories 
among the study subjects. 

The current study revealed a population with a high incidence 
of chronic diseases, especially diabetes and hypertension. This 
observation is important because both conditions are considered 
risk factors for different types of infections, including urinary 
tract infections. Since diabetes affects nearly three-quarters 
of people, its role in compromising immune function is well 
documented. Chronic diabetes affects the activity of phagocytic 
white blood cells, cell-mediated immunity, and the production 
of immunomodulatory cytokines [28,29]. Also, diabetic patients 
who suffer from neurological disorders that result in incomplete 
emptying of the bladder, which increases the chances of survival 
and spread of pathogenic bacteria [30]. The results of this study 
showed that, a large percentage of participating patients suffered 
from high blood pressure, which in turn weakens the body's 
immunity and blood vessel function [31]. On the other hand, 
the results showed a lower rate of cerebrovascular accidents 
(CVAs) at 14.7% among participants, indicating a limited risk 
of urinary tract infections. However, cerebrovascular accidents 
are associated with complications such as neurogenic bladder.

Positively, the study observed a greater use of silicone catheters 
compared to conventional latex foley catheters. In line, several 
studies have promoted the use of silicone catheters to reduce 
bacterial colonization as well as biofilm formation [32].

Most cases 79.4% (54/68) in the current study had 14 days or 
less catheterization period and this is recommended standardly 
[33]. Prolonged catheter therapy is a risk factor for the 
development of infections [34]. The 20.6% (14/68) of patients 
who underwent catheterization for more than 14 days represent 
a group at particular risk for catheter-associated urinary tract 
infections and associated complications. Prolonging the duration 
of the catheter without replacing it is also a risk factor because it 
acts as a foreign body that helps germs adhere and reach internal 
organs [35].  Therefore, further investigation is necessary to 
identify improvement opportunities in clinical protocols and 
adherence to timely intervention practices. 

The current study showed that Escherichia coli was the 
predominant isolate in catheter-associated urinary tract 
infections (CAUTIs), accounting for 33.7% (29/86) of cases. 



92

This rate is due to its ability to attach to the urinary catheter 
through various virulence factors, such as fimbriae [36]. After 
Escherichia coli, Klebsiella pneumoniae represents 23.3% 
(20/86) of isolates and is similarly known as an important 
urinary pathogen, particularly due to its ability to form biofilms 
on medical devices [37]. The combined dominance of these 
two Gram-negative bacteria, which together represent over 
half of the isolated strains, underscores the necessity for 
broad-spectrum empirical antimicrobials that can effectively 
target these common uropathogens when initiating treatment 
for suspected CAUTIs. Notably, Pseudomonas aeruginosa is 
particularly challenging to combat due to its intrinsic resistance 
mechanisms and its ability to produce biofilms. Moreover, the 
isolation of Enterococcus faecalis 7% (6/86) and Acinetobacter 
baumannii/haemolyticus 2.3% (2/86) raises additional concerns. 
Acinetobacter species are notorious for their multi-drug 
resistance and are frequently linked to severe hospital-acquired 
infections with high morbidity and mortality rates. Although 
Enterococcus faecalis is sometimes perceived as less virulent, 
it presents a significant treatment challenge due to increasing 
resistance to vancomycin and other antimicrobials, particularly 
in immunocompromised patients or those with prolonged 
hospital stays. 

The increasingly resistance rate of 65.1% observed for 
Amoxicillin/Clavulanate suggests that a substantial proportion 
of bacterial isolates examined in this study have developed 
mechanisms to circumvent its antibacterial effects. This 
combination was formulated to address resistance conferred 
by prevalent beta-lactamase enzymes, integrating a broad-
spectrum penicillin (amoxicillin) with a beta-lactamase 
inhibitor (clavulanate). In contrast, the lower resistance rate 
of 37.2% associated with Piperacillin/Tazobactam implies that 
this antimicrobial remains a more reliable alternative against the 
identified bacterial strains. Tazobactam acts as a potent inhibitor 
of several significant beta-lactamases, some of which may render 
Amoxicillin/Clavulanate ineffective [38]. The comparatively 
lower utilization of narrower-spectrum antibiotics, such 
as Ciprofloxacin, Cefixime, Ceftaxon, Cefuroxime, and 
Ceftazidime, could suggest either an urgent demand for broader 
coverage or a reflection of the severity of infections encountered 
by this patient population. However, without additional context 
regarding these clinical situations, it is challenging to ascertain 
the appropriateness of these prescribing habits. 

The results articulated in this analysis delineate a concerning 
landscape of cephalosporin resistance among bacterial species 
associated with catheters. The resistance rates observed for 
Cefuroxime (69.8%) and Cefotaxime (66.3%) indicate a marked 
decline in their efficacy as reliable empirical therapy options for 
treating catheter-related infections within this specific context. 

Carbapenems represent a crucial category of broad-spectrum 
beta-lactam antibiotics, playing a significant role in treating 
severe infections [39]. The observed rise in carbapenem 
resistance among catheter-associated bacteria raises concerns, 
yet the data also reveal marked differences in susceptibility 
among the various carbapenem agents [40]. Specifically, 
Meropenem stands out with a resistance rate of 37.2%, 
suggesting it is the most reliable option for empirical therapy 

in cases of severe catheter-related infections. Relying on 
Ertapenem as a primary carbapenem in this context could lead 
to a considerable incidence of treatment failures when faced 
with resistant pathogens or infections caused by organisms 
outside its effective range [41].

The increasing rates of carbapenem resistance underscore the 
urgent necessity for robust antibiotic stewardship programs 
aimed at preserving the effectiveness of these critical 
antimicrobials. 

Among the aminoglycosides assessed in this investigation, 
Amikacin exhibits the lowest resistance rate at 41.9%. This 
finding underscores Amikacin's significant clinical relevance. 
The dominant mechanism of resistance affecting various 
aminoglycosides, such as Gentamicin and Tobramycin, 
suggests an inherent stability in Amikacin that may contribute 
to its superior performance. Notably, Tobramycin demonstrates 
a substantial resistance rate of 66.3%. These observations 
highlight a pronounced decline in Tobramycin's efficacy against 
bacterial isolates from catheter sources. The high resistance rate 
likely reflects the widespread presence of enzymatic inactivation 
or alternative resistance mechanisms that particularly target 
Tobramycin [42]. In contrast, Tigecycline exhibits a more 
advantageous profile, characterized by a lower resistance rate 
(39.5%). Colistin exhibited a relatively good susceptibility rate 
among E. coli (10.34%) and K. pneumoniae (5%). Our findings 
are disagreement with previous studies conducted in West Africa 
[43] and Nigeria [44]. Infections caused by colistin-resistant 
Enterobacteriaceae are an emerging challenge in Saudi Arabia 
[45]. A colistin-resistant strain of K. pneumoniae (63.1%) was 
also reported in Pakistan [46]. Additionally, in multidrug-
resistant (MDR) E. coli isolates from both commercial poultry 
and humans, colistin resistance was detected in 78.6% and 
48.1% of isolates, respectively [47]. The high prevalence of 
mcr genes in E. coli may further contribute to broader antibiotic 
resistance concerns [47]. These differences may be due to a high 
restriction of antibiotic prescription in Saudi Arabia and emerge 
of plasmid-mediated mcr genes.

This study also examined the relationship between antimicrobial 
resistance and length of stay in the intensive care unit, duration 
of antimicrobial use, and catheterization. The results confirmed 
the relationship between antimicrobial resistance and length of 
stay in the intensive care unit, and a significant association was 
observed with resistance to several antimicrobials. Evidence 
suggests that prolonged stays in intensive care require more 
surgical procedures and greater use of antimicrobials [48]. In 
addition, monitoring of antimicrobial resistance among urinary 
tract isolates indicated increased resistance in bacterial agents 
isolated from patients with catheters compared to those without 
[49].

The frequency of multidrug-resistant (MDR) bacteria in 
catheter-related infections presents significant concerns due 
to the limited options for treatment and the risk of therapeutic 
failure. The widespread use of broad-spectrum antibiotics in 
healthcare settings has facilitated the survival and expansion 
of these resistant strains. One mechanism that exacerbates 
antibiotic resistance is the formation of biofilms by catheter-
associated bacteria, which not only prevents the penetration of 
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drugs but also creates a conducive environment for bacterial 
growth and the horizontal transfer of resistance genes [50]. 
The fight against MDR involves not only addressing resistant 
infections but also preventing the further emergence and spread 
of resistance, which poses a threat to the treatment of all bacterial 
infections. Enhancing antimicrobial stewardship and improving 
diagnostic capabilities are essential for managing both sensitive 
and resistant infections [51]. It was discovered in the study 
that 65.1% of identified bacteria displayed resistance to at least 
one agent in three or more antimicrobial groups. This finding 
indicates that there is a significant occurrence of multidrug 
resistance associated with catheterization. It is important to note 
that the implications of such widespread MDR are multifaceted 
and carry substantial consequences for the management of 
patients and healthcare systems [51].
Conclusion.

The emergence of multi-drug resistance, which poses a threat 
to the treatment of all bacterial infections. These situations 
indicate that antimicrobial stewardship and improving 
diagnostic capabilities are essential for managing both sensitive 
and resistant infections. This finding indicates that there is a 
significant occurrence of multidrug resistance associated with 
catheterization in the study area. It is important to note that 
the implications of such widespread MDR are multifaceted 
and carry substantial consequences for the management of 
patients and healthcare systems. Hence, there is an urgent need 
for multicenter, routine surveillance of bacterial infections in 
intensive care units to help reduce the emergence and spread of 
antibiotic resistance. 
Limitation of the Study.

This study utilized univariate analysis, and potential 
confounding factors were not adjusted for, which limits 
causal inference. In addition, due to resource limitations, re-
confirmation using the micro-volume liquid dilution method 
could not be performed in this study.
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