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Abstract

Background: The published rates of catheter-associated urinary tract infection (CAUTI) in Saudi Arabia were
derived from single-centre studies or nationally non-representative studies.

Objectives: The aim of this study was to estimate CAUTI rates and urinary catheter utilisation (UCU) ratios
in 99 Saudi Ministry of Health (MOH) hospitals from all regions.

Methods: A prospective surveillance study was conducted in 15 different types of intensive care units (ICUs)
between January 2018 and December 2019. The data were entered into the Health Electronic Surveillance
Network (HESN) programme. The methods of the US National Healthcare Safety Network (NHSN) and the
Gulf Cooperation Council (GCC) centre for infection control were used.

Results: During 2 years of surveillance covering 919,615 patient-days and 573,720 urinary catheter days, a
total of 965 CAUTI events were identified. The overall MOH CAUTI rate was 1.68 (95%confidence interval
(CI) 1.58-1.79) per 1,000 urinary catheter days, and the overall UCU was 0.624 (95%CI 0.623-0.625). CAUTI
rates were highest in paediatric medical (5.73) and adult medical (2.02) ICUs. UCU were highest in neurosur-
gical (0.795) and medical surgical (0.743) ICUs. CAUTI standardised infection ratios across different ICUs in
Saudi MOH hospitals were 16% lower than NHSN hospitals, 47% lower than GCC hospitals and 69% lower
than International Nosocomial Infection Control Consortium (INICC) hospitals. Urinary catheter stan-
dardised utilisation ratios across different ICUs in Saudi MOH hospitals were 15% higher than NHSN hospi-
tals, 9% higher than INICC hospitals and 13% lower than GCC hospitals.

Conclusions: The current study is a unique national CAUTI benchmark that can potentially help in the fight
against healthcare-associated infection.
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he use of Foley’s catheter is an inevitable part of

I modern healthcare services, especially among
intensive care patients, post-operative patients and
neurological patients (1). Catheter-associated urinary
tract infection (CAUTI) is one of the most frequent
healthcare-associated infections (HAISs), representing up
to one-third of all HAIs (2-4). CAUTI events cause
approximately 10% excess mortality and approximately
10 days of additional stay among patients admitted to
intensive care units (ICUs) (5, 6). In addition, they are the
leading cause of secondary bloodstream infections (7, 8).
Furthermore, CAUTT events are associated with disabil-
ity, accounting for 16% of the total HAI-related years
lived with disability (9). Moreover, they cause a significant

increase in healthcare costs due to prolonged hospitalisa-
tion and associated morbidity (10).

Approximately 65-70% of the CAUTI events can be
potentially prevented with appropriate infection preven-
tion measures and control practices (11). The rate of
CAUTI can be significantly reduced through implementa-
tion of preventive bundles in hospitalised patients (12).
The results of HAI surveillance shared with healthcare
providers is a key element of quality improvement and
patient safety (13). In addition, CAUTI surveillance with
or without other preventive measures has been shown to
reduce the utilisation of urinary catheters and the rate of
CAUTI (14-16). The rates of CAUTI in Saudi Arabia
have been estimated from several reports (17-20).
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However, some of these reports were derived from sin-
gle-centre studies (19, 20), and none of them were nation-
ally representative (17-20). Therefore, a national
benchmark for CAUTI rates is still lacking. To overcome
this, the Saudi Ministry of Health (MOH) started to col-
lect standardised CAUTI data from its hospitals using the
new system of health electronic surveillance network
(HESN) programme. The objective of the current study
was to estimate unit-specific CAUTI rates along with uri-
nary catheter utilisation (UCU) ratios in MOH hospitals
and, additionally, to benchmark such rates and ratios with
recognised regional and international benchmarks.

Methods

Setting

The total number of hospitals in Saudi Arabia is 484, with
a total bed capacity of approximately 75,000 beds. Of
these, the MOH is administering 284 hospitals with a
total bed capacity of around 43,000 beds (21). The cur-
rent study was conducted in 99 Saudi MOH hospitals dis-
tributed in 20 different geographical regions across Saudi
Arabia. Out of 99 hospitals, 86% were general or central
hospitals, 9% were maternal and children’s hospitals, and
5% were cardiac hospitals (Table 1). The hospitals
included in the CAUTI surveillance had a total bed capac-
ity of 26,399 beds, including 3,560 ICU beds (Table 1).

Design

A prospective surveillance study was conducted between
1 January 2018 and 31 December 2019 using the HESN
programme.

Population
All included hospitals had at least 100-bed capacity,
one ICU, a microbiology laboratory and a full-time

microbiologist. The data were obtained from 15 different
types of ICUs. The data were included in the analysis if at
least 50 urinary catheter days of surveillance were reported
per the reporting year, 2018 or 2019 (Table 2).

Methods

The surveillance methodology was similar to the methods
recommended by the US National Healthcare Safety
Network (NHSN) (22) and the Gulf Cooperation Council
(GCC) Centre for Infection Control (23). It was an active,
patient-based, prospective targeted surveillance that was
carried out in specific ICUs for specific durations after a
local infection risk assessment.

Definitions

CAUTI was defined as a symptomatic urinary tract infec-
tion (SUTTI) or an asymptomatic bacteremic urinary tract
infection UTI (ABUTI) in a patient who had an indwell-
ing urinary catheter. The catheter had to be in place for
more than 2 days and in place at the date of CAUTI or the
day prior. The symptoms included fever, suprapubic pain
or tenderness, or costovertebral angle pain or tenderness,
and additionally, urinary urgency, frequency or dysuria
only if the catheter was not in place (22, 23). A physician’s
diagnosis of UTI that did not match the surveillance crite-
ria was not an acceptable diagnosis for CAUTI. The UCU,
intended to provide a standardized indication of the extent
of catheter use, was calculated by dividing the number of
catheter-days by the number of patient-days in each par-
ticipating ICU.

HESN programme

HESN is an integrated, semi-automated, national elec-
tronic surveillance system that has several domains to uni-
formly monitor communicable diseases, disease epidemics,

Table 1. Ministry of Health (MOH) hospitals enrolled in the Health Electronic Surveillance Network (HESN) which contributed the current

CAUTI surveillance data, 2018-2019

Enrolled Hospitals data <200 beds 200-300 beds >300 beds Total
Type of hospital

General/central 33 (80.5%) 35 (89.7%) 17 (89.5%) 85 (85.9%)
Maternal and children 3 (7.3%) 4 (10.3%) 2 (10.5%) 9 (9.1%)
Cardiac 5 (12.2%) 0 (0.0%) 0 (0.0%) 5 (5.1%)
Total 41 (100.0%) 39 (100.0%) 19 (100.0%) 99 (100.0%)
Surveillance numbers

Patient days 138,010 441,152 340,453 919,615
Urinary catheter days 98,772 260,595 214,354 573,720
CAUTI events 201 501 253 965
Bed capacity

Total beds 4,723 11,385 10,291 26,399
ICU beds 645 1,382 1,533 3,560

CAUTI, catheter-associated urinary tract infection; ICU, intensive care unit.
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Table 2. Rates of catheter-associated urinary tract infections (CAUTIs) by type of intensive care unit (ICU) enrolled in the Health Electronic

Surveillance Network (HESN), 2018-2019

Percentile™*

Type of ICU Number i:;:‘ea;yr CAUTI CTS% 95% Confidence -
of ICUs* days events rate interval 10% 25% 50% 759% 90%
(median)
Burn 8 3,253 5 1.54 0.19-2.88
Medical 47 73,600 149 2.02 1.70-2.35 0.00 0.00 1.06 345 5.41
Medical cardiac 29 20,344 20 0.98 0.55-1.41 0.00 0.00 0.00 1.51 2.19
Medical surgical 161 420,588 724 1.72 1.60-1.85 0.00 0.00 0.94 2.49 4.28
Neurological 2 289 0 0.00 0.00-0.00
Neurosurgical 3 6,156 11 1.79 0.73-2.84
Paediatric cardiothoracic 2 428 0 0.00 0.00-0.00
Paediatric medical 10 4,883 28 5.73 3.61-7.86
Paediatric medical surgical 38 22,312 16 0.72 0.37-1.07 0.00 0.00 0.00 0.89 5.67
Paediatric surgical 2 505 0 0.00 0.00-0.00
Prenatal | 54 0 0.00 0.00-0.00
Respiratory 3 2,300 0 0.00 0.00-0.00
Surgical 9 10,679 5 0.47 0.06-0.88
Surgical cardiothoracic 5 3,915 3 0.77 0.00-1.63
Trauma 4 4,414 4 091 0.02-1.79
Total 324 573,720 965 1.68 1.58-1.79 0.00 0.00 0.46 2.18 4.23

*ICUs contributing less than 50 urinary catheter days per year were excluded from the analysis.

**Standard percentiles were calculated only when at least 20 hospitals were contributing data for a specific type of ICU.

immunisation and HAIs across Saudi Arabia (24). It
allows users at different hospitals to continually and uni-
formly report HAIs to the General Directorate of
Infection Prevention and Control (GDIPC) at Riyadh,
Saudi Arabia. CAUTI and urinary catheter use data were
collected by infection control practitioners (ICPs) at
respective hospitals. The data were directly entered into
the HESN programme at two levels: urinary catheter bun-
dle form and CAUTI event form. The number of urinary
catheter days was estimated using daily count at a fixed
time (usually around 8.00 AM) for all patients with a uri-
nary catheter or an electronic count that was within +5%
of the manually collected daily count. The surveillance
department of GDIPC at MOH provided the included
hospitals with the required training in surveillance defini-
tions, surveillance methodology, use of HESN pro-
gramme and information technology support. Training
workshops followed by hands on training were conducted
in all regions (during 2017) before the start of the study.

Statistical analysis

The data from all regions were extracted from the HESN
programme and analysed using SPSS. Data extraction,
management, analysis and interpretation were carried out
centrally at the GDIPC. CAUTI rates (expressed per 1,000
urinary catheter days) and UCU ratios were calculated
and stratified by type of ICU (18, 25). Confidence intervals
(CIs) (18) and standard percentiles (25) were calculated for
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both CAUTI rates and UCU ratios. Percentiles were not
calculated for ICU types with less than 20 data points
(during a hospital year of surveillance). To benchmark the
current CAUTI rates and UCU ratios with regional and
international benchmarks, standardised infection ratios
(SIRs) and standardised utilisation ratio (SUR) were cal-
culated (respectively) after adjusting for differences in ICU
types. SIR and SUR were calculated by dividing the num-
ber of observed CAUTI events and urinary catheter days
(respectively) by their expected values (22). The expected
values were calculated using the published reports of
NHSN (25, 26), GCC (18) and International Nosocomial
Infection Control Consortium (INICC) (27). P-values
were two-tailed. P-value <0.05 was considered as signifi-
cant. Statistical analyses were performed using SPSS soft-
ware (release 25.0, Armonk, NY: IBM Corp.).

Results

During 2 years of surveillance covering 919,615 patient-
days and 573,720 urinary catheter days, a total of 965
CAUTTI events were identified. As shown in Table 2, the
overall CAUTI rate was 1.68 per 1,000 urinary catheter
days with 95%CI ranging between 1.58 and 1.79. The
50th, 75th and 90th percentiles were 0.46, 2.18 and 4.23,
respectively. Five types of ICUs contributed 95% of the
urinary catheter days surveyed in all types of ICUs: adult
medical surgical, adult medical, paediatric medical surgi-
cal, adult medical cardiac and adult surgical. CAUTI
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Table 3. Urinary catheter utilisation ratios by type of intensive care unit (ICU) enrolled in the Health Electronic Surveillance Network (HESN),

2018-2019
. Urinary - . Percentile™*

Type of ICU Number Patient catheter UtI|ISZ.ltIOn 9SA.conﬁdence :

of ICUs* days days ratio interval 10% 25% 50% 759% 90%

(median)

Burn 8 15,945 3,253 0.204 0.198-0.210
Medical 47 103,007 73,600 0.715 0.712-0.717 0.40 0.54 0.72 0.87 0.91
Medical cardiac 29 61,642 20,344 0.330 0.326-0.334 0.19 0.26 0.36 0.47 0.72
Medical surgical 161 566,259 420,588 0.743 0.742-0.744 0.36 0.58 0.73 0.82 0.89
Neurological 2 562 289 0514 0.473-0.556
Neurosurgical 3 7,741 6,156 0.795 0.786-0.804
Paediatric cardiothoracic 2 1,552 428 0.276 0.254-0.298
Paediatric medical 10 23,106 4,883 0.211 0.206-0.217
Paediatric medical surgical 38 105,868 22,312 0.211 0.208-0.213 0.06 0.10 0.15 0.30 0.45
Paediatric surgical 2 2,048 505 0.247 0.228-0.265
Prenatal | 184 54 0.293 0.228-0.359
Respiratory 3 3,176 2,300 0.724 0.709-0.740
Surgical 9 15,618 10,679 0.684 0.676-0.691
Surgical cardiothoracic 5 6,801 3,915 0.576 0.564-0.587
Trauma 4 6,106 4,414 0.723 0.712-0.734
Total 324 919,615 573,720 0.624 0.623-0.625 0.13 0.34 0.59 0.78 0.88

*ICUs contributing less than 50 urinary catheter days per year were excluded from the analysis.

**Standard percentiles were calculated only when at least 20 hospitals were contributing data for a specific type of ICU.

rates per 1,000 urinary catheter days were highest in pae-
diatric medical (5.73), adult medical (2.02), adult neuro-
surgical (1.79) and adult medical surgical (1.72) ICUs.
There were no CAUTI events reported in adult respira-
tory, paediatric surgical, paediatric cardiothoracic, adult
neurological and prenatal ICUs. The 90th percentiles of
CAUTIT rates per 1,000 urinary catheter days ranged from
2.19 in adult medical cardiac ICUs to 5.67 in paediatric
medical surgical ICUs.

As shown in Table 3, the overall UCU ratio was 0.624,
with the 95%CI ranging between 0.623 and 0.625. The
50th, 75th and 90th percentiles were 0.59, 0.78 and 0.88,
respectively. The UCU ratios were highest in the following
adult ICUs: neurosurgical (0.795), medical surgical
(0.743), respiratory (0.724), trauma (0.723) and medical
(0.715) ICUs. The UCU ratios were lowest in the following
ICUs: adult burn (0.204), paediatric medical (0.211) and
paediatric medical surgical (0.211) ICUs. The 90th percen-
tiles of UCU ratios ranged between 0.45 in paediatric
medical surgical ICUs and 0.91 in adult medical ICUs.

Figure 1 compares CAUTI rates and UCU ratios in
adult and paediatric ICUs in MOH hospitals with other
recognised benchmarking networks. CAUTI rates in adult
ICUs in MOH hospitals were exactly the same as NHSN
rates (1.7 each), lower than GCC rates (3.3), and much
lower than INICC rates (5.3). CAUTI rates in paediatric
ICUs in MOH hospitals (0.7) were lower than NHSN
rates (2.5) and INICC rates (5.6). UCU ratios in adult
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ICUs in MOH hospitals (0.74) were slightly higher than
NHSN ratios (0.60) and INICC ratios (0.62) but slightly
lower than GCC ratios (0.85). UCU ratios in paediatric
ICUs in MOH hospitals were exactly the same as NHSN
ratios (0.21 each) and lower than INICC rates (0.31).

Table 4 compares CAUTI rates and UCU ratios in
MOH hospitals with the three benchmarks using SIR and
SUR, respectively. CAUTI SIR across all types of ICUs in
MOH hospitals were significantly lower than the rec-
ognised benchmarks; 16% lower than NHSN hospitals,
47% lower than GCC hospitals and 69% lower than
INICC hospitals. Urinary catheter SUR across all types
of ICUs in MOH hospitals were 15% higher than NHSN
hospitals, 9% higher than INICC hospitals and 13% lower
than GCC hospitals.

Discussion

Using huge-standardised data, the current study is docu-
menting CAUTI rates and UCU ratios in almost 100
Saudi MOH hospitals. The overall rate was 1.68 per 1,000
urinary catheter days. This rate is considered lower than
CAUTT rates previously reported in Saudi Arabia (17—
20). For example, CAUTI rates per 1,000 urinary catheter
days ranged between 0.0 and 11.8 in ICUs of 12 referral
and secondary MOH hospitals (17), between 1.3 and 4.1
in ICUs of four National Guard hospitals (18), and
between 6.6 and 10.0 in three ICUs of Saudi Aramco
Medical Services Organisation (19). The lower CAUTI
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Fig. 1. Comparisons of CAUTI rates (above) and urinary
catheter utilisation ratios (below) between the Saudi health
electronic surveillance network (HESN) and other recognised
benchmarking networks.

Note: Adult and paediatric ICUs were medical-surgical ICUs. NHSN,
US National Healthcare Safety Network; INICC, International Nosoco-
mial Infection Control Consortium of developing countries; GCC, Gulf
Cooperation Council countries; CAUTI, catheter-associated urinary
tract infection; UC, urinary catheter.
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rate in the current study can be explained by several fac-
tors. Firstly, the majority of previous local CAUTI data
were collected based on the older CAUTI definition (18-
20), while the current study used the new CAUTI defini-
tion. It has been shown that the new NHSN CAUTI
definition introduced in 2015 resulted in a large reduction
of CAUTI rates (7, 8). Secondly, some of the previous
local CAUTI data were collected before widespread
implementation of the urinary catheter bundle (18-20),
whereas the current data were collected while the urinary
catheter bundle was fully implemented. The implementa-
tion of the urinary catheter bundle resulted in a signifi-
cant reduction of CAUTI rates (12). Thirdly, the majority
of previous local CAUTI data were collected from one to
three types of ICUs (17-20), while the current data were
collected from 15 different ICUs, some of them had zero
CAUTI rates. Finally, despite the training and auditing
done by the GDIPC, under-reporting of CAUTI events to
the new HESN system cannot be completely excluded.

The UCU ratio ranged between 0.20 and 0.80 with an
average ratio of 0.62. The current UCU ratios are consid-
ered similar or slightly lower than those previously
reported in Saudi Arabia (17-19). For example, UCU
ranged between 0.06 and 0.85 in 12 MOH hospitals (17),
between 0.39 and 0.69 in the Saudi Aramco Medical
Services Organisation (19), and between 0.85 and 0.96 in
four National Guard hospitals (18). The slightly lower
UCU ratios in the current study may be related to the
inclusion of paediatric ICUs in the current study but their
exclusion in previous local reports (17-19). Paediatric
ICUs in the current and international studies are known
for their lower UCU ratios (25-27).

The current CAUTI rates were generally lower than
the recognised international benchmarks, especially
after adjusting for the type of ICUs. The difference was

Tuble 4. Comparisons of CAUTI rates and urinary catheter utilisation ratio between the Saudi Health Electronic Surveillance Network (HESN)
and other recognised benchmarking networks after adjustment for different types of ICUs

HESN vs. NHSN HESN vs. INICC HESN vs. GCC
CAUTI rates
Number of ICU types included 14 10 3
Observed CAUTI events 965 932 740
Expected CAUTI events 1152.1 2970.2 1405.6
Standardised infection ratio (SIR) 0.84 0.31 0.53
95% confidence interval of SIR 0.79-0.89 0.29-0.33 0.49-0.57
P-value <0.001 <0.001 <0.001
Urinary catheter utilisation ratios
Number of ICU types included 14 10 3
Observed urinary catheter days 573,720 564,597 437,423
Expected urinary catheter days 499,872 519,268 500,438
Standardised utilisation ratio (SUR) 1.148 1.087 0.874
95% confidence interval of SUR 1.145-1.151 1.084-1.090 0.871-0.877
P-value <0.001 <0.001 <0.001

CAUTI, catheter-associated urinary tract infection; ICU, intensive care unit
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minimal with NHSN hospitals (25, 26) and considerable
with INICC and GCC hospitals (18, 27). Similar to the
local comparisons discussed above, the data used in
these reports were mainly based on the older CAUTI
definition and were collected before full implementation
of the urinary catheter bundle (18, 27). Interestingly, the
differences in UCU ratios between this study and rec-
ognised international benchmarks were minimal. The
slightly lower urinary catheter SUR in MOH hospitals
compared with GCC hospitals may be related to the
presence of paediatric data in the current report but not
the GCC report (18). The generally high UCU ratios in
the current report and the recognised international
benchmarks may indicate the need for more work to
reduce catheter utilisation, including training and edu-
cation (14, 15).

The current study can serve perfectly as a national
benchmark for CAUTI. The benchmarking use of this
study is supported by the large, unprecedented number
of hospitals included, the coverage of 20 geographical
regions, and the use of the same electronic data collec-
tion system. Additionally, this has been further facili-
tated by presenting unit-specific rates and ratios and by
calculating CIs and standard percentiles for both rates
and ratios. Moreover, the use of the same surveillance
methodology and the same electronic platform ensured
the homogeneity of the calculated rates and ratios. Yet,
several challenges still need to be overcome to further
improve CAUTI surveillance in MOH hospitals, includ-
ing data validation, site audits and rapid turnover of
ICPs (29).

Conclusion

The current study estimated CAUTI rates and UCU ratios
in 15 different types of ICUs from 99 MOH hospitals dis-
tributed in 20 different regions. The overall CAUTI rate
was 1.68 per 1,000 urinary catheter days, and the overall
UCU ratio was 0.62. MOH CAUTI rates adjusted for the
type of ICUs were 16 to 69% lower than recognised bench-
marks. Interestingly, the differences in UCU ratios between
this study and recognised international benchmarks were
minimal. The current study is a unique national CAUTI
benchmark that can potentially help in the fight against
HALI (28). As HAIs increase morbidity, mortality, length
of hospital stay and financial loss, certain initiatives are
necessary to prevent and control them (30).
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