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ABSTRACT

Background: Infections acquired within a hospital setting, commonly called healthcare-associated infections (HAISs),
are nosocomial infections that are typically absent or in an incubation phase upon admission. The study aimed to
determine the prevalence of device-associated HAI and the factors affecting HAI in the Medical Intensive Care Unit
(MICU).

Methods: A prospective observational study was conducted, including patients admitted to the MICU of a tertiary care
medical centre from March 2020 to March 2023. The patient’s total ventilator days, catheter days, central line days, and
development of HAI, according to the definition of surveillance, were recorded for each patient. Rates for
device-associated infections and device utilisation ratios (DURs) were calculated. Statistical analysis involved
descriptive statistics, Kaplan-Meier curve analysis with the Log Rank test, and logistic regression analysis to identify
factors associated with HAIL.

Results: 386 patients were included in the study, of which 52 (13.47%) developed HAI. The DUR for ventilators,
catheters, and central lines were found to be 0.502, 0.949, and 0.545, respectively. Ventilator-associated pneumonia
(VAP) rate was 16.07 per 1000 ventilator days, the catheter-associated urinary tract infection (CAUTI) rate was
calculated to be 1.64 per 1000 catheter days, and the central line-associated bloodstream infection (CLABSI) rate was
1.91 per 1000 central line days. On multivariate analysis, the length of stay [adjusted odds ratio (AOR), 1.292; 95% CI:
1.200-1.391], and history of hospitalisation in the past 90 days (AOR, 6.556; 95% CI: 2.619-16.411) were also found to be
independent predictors for HAIL

Conclusion: Our institution has lower rates of CAUTI and CLABSI. However, the VAP rate is higher than in studies
conducted in an Indian setting. Hence, adopting the INICC multidimensional approach can address and reduce our
VAP rate.
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INTRODUCTION

Infections acquired within a hospital setting, commonly
called healthcare-associated infections (HAIs), are
nosocomial infections that are typically absent or in an
incubation phase upon admission. These infections
usually manifest post-hospitalisation, with symptoms
emerging at least 48 hours after the patient's admission
to the healthcare facility.!

With the ever-increasing complexity of medical
interventions, devices such as ventilators, catheters,
and central lines have become integral to patient care.
These life-saving devices risk acquired infection for the
patient, significantly impacting in-hospital mortality.>
This usually results in a more extended hospital stay,
leading to an even more significant economic burden
on the patient. The incidence of HAI in an Indian study
by Dasgupta et al. is around 13.6%. The prevalence
varies in different studies as VAP accounts for 10.4 per
1000 ventilator days in Mehta et al., and CAUTI 9.4 per
1000 catheters per day in Pariher et al. It is estimated
that HAIs cause a substantial economic burden per
year, even in the United States, necessitating proper
medical surveillance.?

Various measures have been employed to reduce the
incidence of HAIs, including hand hygiene practices,

maintaining a hygienic hospital environment,
categorising patients based on risk factors,
implementing robust public health surveillance

systems, advocating for judicious antibiotic use, and
ensuring adherence to established patient safety
guidelines.! Despite these various measures taken into
account to reduce different types of HAIs, the
prevalence of HAI in India remains higher. According to
the International Nosocomial Infection Control
Consortium (INICC), the prevalence of HAI in India is
approximately 9.06 infections per 1,000 ICU patient
days.” Thus, understanding the
device-associated HAIs in ICUs
implementing effective preventive measures and
ensuring the safety of patients who rely on these
critical medical interventions.

dynamics of
is essential for

According to a literature review by Iyer et al. (2015),
the prevalence of HAIs in India is impacted by
challenges such as resource constraints, lack of
standardised infection control practices, and the rising
incidence of antimicrobial resistance.’

Therefore, this study is conducted to determine the
prevalence of device-associated HAI and the factors
affecting HAI in a tertiary care centre’s medical
intensive care unit (ICU).
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METHODOLOGY
Study design and setting: This

observational study was conducted in the medical
intensive care unit (MICU) of the All India Institute of
Medical Sciences, Patna, a tertiary care medical centre
in eastern India, after approval from the Institute Ethics
Committee (IEC).

Study participants: The study involved patients
admitted to the MICU between March 2020 and March
2023.

prospective

Case definitions

CAUTL Patients with any of the following with no
alternative  source: fever, rigors, new onset
hypotension, confusion/ functional decline, and

increased leucocytosis. New costovertebral tenderness/
pain, new supra pubic tenderness/ pain, pus around
catheter insertion site AND any of the following — (A) If
the catheter was removed in the past 2 days -clean
catch urine culture with no more than two species of
micro-organisms, at least one of which is bacteria of
100,000 or more colonies; in/out catheter urine culture
with any number of micro-organisms, at least 1 of
which is bacteria of 100 or more colonies (2107
CFU/ml), (B) If an indwelling catheter is in place — then
a positive urine culture with any number of
microorganisms, at least 1 of which is bacteria of
100,000 colonies or more (10° CFU/ml).”

VAP: National Health Safety Network Pneumonia
(NHSN PNU1) definition includes at least one of the
following- new-onset fever (> 100.4 F), leucopenia/
leukocytosis, for adults> 70 years — altered mental
status with no other cause. With at least one of the
following in chest X-ray- new progressive infiltrates,
consolidation, cavitation. And at least 2 of the
following- new-onset purulent sputum, change in
colour of sputum, increased suction requirement,
increased respiratory secretion/ worsening gas
exchange/ new onset or worsening cough/ dyspnea/
tachypnea, rails or bronchial breath sounds.”

CLABSI: patients with central venous catheter and
Fever (> 100.4 F), chills, hypotension, and organisms
identified in the blood are unrelated to an infection at
another site. The same NHSN common commensal is
determined by culture from two or more blood
specimens collected separately.”

Inclusion criteria

1. Patients admitted to the MICU for any indication.

2. As per the definition of HAI, the minimum ICU stay
is 48 hours.

3. Patients aged 15 years or older.
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Exclusion criteria
1. Patients with evidence of any pre-existing HAI (i.e.,
HAI developed in the wards or at other hospitals).

Sampling technique Complete enumeration: all
patients admitted to the MICU during the study period
meeting the inclusion criteria were included.

Study protocol: All patients admitted to the MICU were

assessed for possible inclusion in the study. Informed

consent was obtained from each participant or their

first-degree relative if the patient was not mentally

sound to provide consent. Surveillance was done

during their stay in the ICU, and the following data was

recorded:

1. Demographic parameters such as age and gender

2. Detailed history, including the presence of
comorbidities and any history of hospitalisation in
the past 90 days

3. Surveillance data includes ICU stay duration (patient
days), ventilator days, catheter days, and central
line days.

4. Clinical parameters, including intubation, the
development of any HAI, and the outcome in terms
of either a fatality or discharge from the MICU

Measures: The rates for device-associated infections
were calculated. The VAP rate was calculated as the
number of VAP cases per 1000 ventilator days.

The CAUTI rate was calculated as the number of
CAUTI cases per 1000 catheter days.

The CLABSI rate was calculated as the number of
CLABSI cases per 1000 central line days.

The device utilisation rates (DURs) for ventilators,
catheters, and central lines were also calculated as the
ratio of the number of days a device was used to the
total patient days.

Statistical analysis: Data was entered in Microsoft
Excel, cleaned, and coded. Analysis was performed
using IBM SPSS ver. 26.0 (IBM Corp., Armonk, NY,
USA). Categorical variables were expressed as
frequencies and proportions. Kaplan-Meier curve
analysis and Log Rank test were performed to calculate
and compare the median survival times of patients who
developed an HAI and those who did not.

A univariate binary logistic regression analysis was
performed to look for factors associated with the
development of HAI, and the variables with a p-value
less than 0.2 were considered for the multivariate
analysis model. The crude odds ratios with 95%
confidence intervals (CI) were reported. The ‘Enter
Method’ in SPSS was used to build the multivariate
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model, and the Hosmer-Lemeshow goodness of fit test
assessed the model fit. The model variability was given
by Nagelkerke’s R square (pseudo-R square). Adjusted
odds ratios were calculated with their 95% CIL
Statistical significance was attributed to p<0.05.

Ethics approval: This study was started after the
approval of the Institute Ethics Committee with
reference number AIIMS/Pat/TEC/PGTh/Jan21/21

RESULTS

A total of 386 patients were included in the study. Most
of the patients, i.e., 166 (43.0%), belonged to the age
group of 60-80 years, followed by 109 (28.2%) in the age
category of 40-60 years. 218 (566.5%) were males. Most
of the participants, i.e., 346 (89.9%), were admitted to
the ICU for 2 weeks or less, and 300 (77.7 %) died
during their stay. 52 (13.56%) individuals developed HAI
(Table 1).

Table 1: Demographic details and clinical outcomes of
the patients admitted to the ICU (N=386)

Variable Categories n (%)
Age Less than 20 12 (3.1)
20 - 40 years 73 (18.9)
40 - 60 years 109 (28.2)
60 - 80 years 166 (43.0)
80 -100 years 26 (6.8)
Gender Female 168 (43.5)
Male 218 (56.5)
Length of ICU stay 7 days or less 207 (53.2)
8- 14 days 142 (36.6)
15 - 28 days 27 (7.8)
29 days or more 9(2.4)
Hospital-acquired Yes 52 (13.2)
infection
No 334 (86.8)
Final Outcome Death 300 (77.7)
Discharged (from ICU) 86 (22.3)

The total number of patient days (the sum of the total
number of patients admitted to the ICU) was 3843 days.
The DUR for ventilators, catheters, and central lines
were found to be 0.502, 0.949, and 0.545, respectively.
The VAP rate was 17.12 per 1000 ventilator days, the
CAUTI rate was calculated to be 1.37 per 1000 catheter
days, and the CLABSI rate was found to be 1.43 per
1000 central line days (Table 2).
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Table 2: Summary of the surveillance data for Figure 2: Kaplan-Meier curves of patients in the ICU
ventilator-associated, catheter-associated, and central with and without hospital-acquired infection

line-associated events
Survival Functions

Hospital-acquired
infection
~"TNo hospital-acquired infection

_Developed hospital-acquired
infection

No hospital-acquired infection-
-+ censored

Developed hospital-acquired
+iMedioErcensoF;ed !

Cum Survival

Ventilator 17.12 per
days 1000 04
ventilator
days 0
Catheter 3646 0.949 5 1.37 per 00
days 1000 0 2 w0 &0
catheter Length of stay in ICU (in days)
days
Central 2094 0.545 3 1.43 per
line days 1000 central The Log Rank test revealed that there was a statistically
DGR significant  difference  between the  curves

[Chi-square=91.037 (at 1 degree of freedom) and
p<0.001]. This paradox might suggest that those who
stayed more in the ICU developed HAI, and those who
did not develop HAI succumbed early due to their
illness. More use of broad-spectrum higher antibiotics
and other supportive measures in patients with HAI
might have prolonged the stay but not overall survival.

On univariate logistic regression analysis, it was
observed that the length of stay [crude odds ratio
(COR), 1.254; 95% CI: 1.175-1.339], history of
hospitalisation in the past 90 days (COR, 2.775; 95% CI:

Among the 52 patients who developed HAI, 33 (63.5%)
patients had VAP, 11 (21.2%) patients had HAP, 5(9.6%)
patients had CAUTI, and 3 (5.7%) patients had CLABSI

(Figure 1).

Figure 1: The distribution of various types of
hospital-acquired infections among the patients (n=52)

35 33 1.442-5.337), and intubation (COR, 0.187; 95% CI

10 0.101-0.346) were significant predictors of HAL
. On multivariate analysis, the length of stay [adjusted
E® odds ratio (AOR), 1.292; 95% CL 1.200-1.391], and
B 20 history of hospitalisation in the past 90 days (AOR,
E . 6.556; 95% CI. 2.619-16.411), were also found to be
E 11 independent predictors for HAI (Table 3).
210

5 > 3 Table 3. Associates of hospital-acquired infection in

; . ICU patients

HAP VAP CAUTI CLABSI
Types of HAI

In our study, 261 out of 344 patients who didn’t have
HAI succumbed, and 13 out of 52 who had HAI also
succumbed. For total patients who expired, on
Kaplan-Meier Curve analysis, it was seen that the
median survival time in patients who did not develop
HAI was 7 (95% CI: 6.518-7.5682) days, while the median
survival time in patients who did develop HAI was 17
(95% CI: 13.088-20.912) days (Figure 2).

Age(n A 09 | 09 |10 |01 098 09 | 1.0 | 0.08
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Female | 1.6 | 09 | 3.0 | 0.0 | 140 | 0.6 | 3.2 | 041
sex 87 | 32 | b2 | 84 8 14 | 29 9

Length 1.2 | 1.1 | 1.3 | <0. | 1.29 | 1.2 | 1.3 | <0.0
of stay 54 7 | 39 | 001 2 00 | 91 01
(in days)

History 27 |14 | 53| 00 | 655 | 26 | 16. | <0.0

of 75 42 | 37 | 02 6 19 | 411 01

hospitali

zation in

the past

90 days

Chi-square - 2.624 (df 8), p-value - 0.956
Nagelkerke R Square = 0.561

DISCUSSION

Our study screened 386 patients, and 52 patients
developed HAI. VAP was the most prevalent HAI,
followed by CAUTI and CLABSI (17.12 per 1000
ventilator days, 1.43 per 1000 central line days, and 1.37
per 1000 catheter days were the VAP, CLABSI, and
CAUTI rates, respectively). Length of stay, history of
hospitalisation in the past 90 days, and intubation were
independent predictors of HAL

HAIs pose a significant challenge in the management of
ICU patients, thus requiring proper surveillance. The
incidence of HAI in our study (13.2%) is comparable to
a survey by Dasgupta S. et al. in the ICU setting in
eastern India (11.98%).® However, the incidences of
CAUTI were lower compared to other Indian studies.’!!
The VAP rate found in our study (17.12 per 1000
ventilator days) is higher than the VAP rate evaluated in
other Indian cities (10.4 per 1000 ventilator days),'**
and other Southeast Asian countries.'*’> However, the
VAP rate observed in our study is like the pooled mean
VAP rate observed (16.3 per 1,000 device days) in 43
countries.!® This high rate of VAP can be due to alack
of Infection control practices in the ICU,
cross-contamination and the non-availability of
isolation facilities in the ICU. The INICC-developed
multimodal approach for the prevention of VAP should
be used. It has six main parts: (1) bundle care, which
has 10 elements to prevent pneumonia; (2) educational
programmes; (3) outcomes monitoring; (4) online
process surveillance to see how healthy bundles are
being followed; (5) giving feedback on VAP rates and
their effects; and (6) performance feedback."”

The Device Utilisation Ratio (DUR) is a measure that
assesses the usage of a medical device in a healthcare
setting.’® DUR is a decisive factor known for its positive
correlation with HAIL In 2014, the National Healthcare
Safety Network (NHSN) reported a DUR of 0.44, less
than the DUR of the endotracheal tube observed at our
study site, which stands at 0.502. This can be attributed
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to the transfer of more complex cases from all over the
state, as our centre is one of the three tertiary care
centres in Bihar, the third most populated state of the
nation.

More than five million patients globally in intensive
care hospital environments experience the insertion of
urinary catheters, elevating their susceptibility to
CAUTLY The CAUTI rate in our study is 1.37 per 1000
catheter days, which is very low compared to the study
done in an Indian setting by Parihar S. et al. (9.4 per
1000 urinary catheter days).*® A survey by
Letica-Kriegel A. S. et al. reported a similar CAUTI rate
compared to our institution.?! This can be attributed to
adequately implementing hand hygiene, infection
control, and catheter care bundles. The DUR for
catheter utilisation in our study is 0.9, which is very
high compared to the INICC report. This can be
attributed to the severity of cases treated at
tertiary-level referral
monitoring.

hospitals requiring output
The central line is one of the most common procedures
done in the ICU setting, and CLABSIs are associated
with significant morbidity and mortality in the patient,
ultimately causing increased healthcare costs. The
CLABSI rate in our study was 1.43 per 1000 central line
days, which is lower than the rate reported by INICC
(4.47 per 1000 central line days) and about the same as
the rate reported by Rosenthal V. D. in the US (1.6 per
1000 central line days).?® Our study's central line
utilisation rate is 0.545, similar to the INICC report
(0.53). CLABSI is the most preventable form of HAI
infection, and its incidence is higher in developing
countries. The low rate of CLABSI can be attributed to
the incorporation of quality aseptic precaution
methods, skilled healthcare workers, and compliance
with the insertion bundle method in the hospital's
culture and policies.

Risk factors like length of hospital stay and history of
hospitalisation in the past 90 days are the independent
risk factors that cause an increase in the incidence of
HAIs. HAI was found to be shared in advancing age and
females, but they didn’t show statistical significance.
Among device-associated HAIs, VAP is a major
contributor to prolonged patient stays. Stewart S. et al.
highlight that preventing a single HAI can result in an
average reduction of 7.8 days in hospital stay.
Consequently, preventing HAIs diminishes the length of
stay. It contributes to the availability of hospital beds to
treat additional patients—a particularly valuable
outcome in countries with high patient loads, such as
India.?**

There are some limitations to this study as well. Since
this study was conducted at a single centre, its findings
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may not be generalised to other institutions. Other
limitations are the recruitment from the medical ICU,
the inability to include pediatric patients, and the
failure to assess the quality of infection control practice
among healthcare workers. Certain suspected cases of
bloodstream infections and CAUTI in whom initial
cultures were sterile were missed because of their
untimely death or due to leave against medical advice
(LAMA). However, it's worth noting that our study
included a large sample size, which helps mitigate the
potential for selection bias.

CONCLUSION

While our medicine ICU has lower rates of CAUTI and
CLABSI, it is noteworthy that the VAP rate is higher
compared to studies conducted in the Indian setting.
Hence, adopting the INICC multidimensional approach
can address and reduce our VAP rate. The device
utilisation rate is also high at our centre, which needs
to be dealt with through training and education of
healthcare workers, audits and protocol-wise care in
the Intensive care unit.
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