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Multiple Logistic Regression

Background: The International Nosocomial Infection Control Consortium has found a high ICU mortality rate.
Our aim was to identify all-cause mortality risk factors in ICU-patients.

Methods: Multinational, multicenter, prospective cohort study at 786 ICUs of 312 hospitals in 147 cities in 37
Latin American, Asian, African, Middle Eastern, and European countries.

Results: Between 07/01/1998 and 02/12/2022, 300,827 patients, followed during 2,167,397 patient-days,
acquired 21,371 HAIs. Following mortality risk factors were identified in multiple logistic regression: Central
line-associated bloodstream infection (aOR:1.84; P<.0001); ventilator-associated pneumonia (aOR:1.48;
P<.0001); catheter-associated urinary tract infection (aOR:1.18;P<.0001); medical hospitalization (aOR:1.81;
P<.0001); length of stay (LOS), risk rises 1% per day (aOR:1.01; P<.0001); female gender (aOR:1.09; P<.0001);
age (aOR:1.012; P<.0001); central line-days, risk rises 2% per day (aOR:1.02; P<.0001); and mechanical venti-
lator (MV)-utilization ratio (aOR:10.46; P<.0001). Coronary ICU showed the lowest risk for mortality (aOR:
0.34;P<.0001).

Conclusion: Some identified risk factors are unlikely to change, such as country income-level, facility owner-
ship, hospitalization type, gender, and age. Some can be modified; Central line-associated bloodstream infec-
tion, ventilator-associated pneumonia, catheter-associated urinary tract infection, LOS, and MV-utilization.
So, to lower the risk of death in ICUs, we recommend focusing on strategies to shorten the LOS, reduce MV-
utilization, and use evidence-based recommendations to prevent HAIs.

© 2022 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.

INTRODUCTION

The goals of medicine encompass alleviating pain and suffering,
promoting health and preventing disease, forestalling death, promot-
ing a peaceful death, curing disease when possible, and caring for the
incurable.! The International Nosocomial Infection Control Consor-
tium (INICC) is dedicated to promoting these goals through the sur-
veillance and prevention of health care-associated infections (HAISs)
worldwide.? INICC is a multinational multicenter, prospective HAI
research network, operating internationally since 2002.> Its main
objective is surveillance of HAIs, and promoting evidence-based
infection prevention practices to reduce the incidence of HAls and
their associated mortality.? INICC has published international reports
providing data on HAIs and related mortality in 2006,* 2008,> 2010,°
2012, 2014,° 2016,° 2019,'° and 2021."" INICC found that the mor-
tality rate in ICU patients without HAI it is 17.12% (95% CI 16.93-
17.32), for those with 1 HAI is 30.15% (95% CI 27.70-32.77) to 48.21%
(95% CI 45.57-50.96), and for those with 3 simultaneous HAISs it is
63.44% (95% C1 55.99-71.60).""

Regarding risk factors (RF) for in hospital all-cause mortality in
ICUs, a study conducted in a Turkish ICU found that age, APACHE II
score, invasive mechanical ventilation (MV), decreased serum albu-
min levels, and increased creatinine levels are independent death
RFs.'? A research in an ICU in Thailand identified Staphylococcus
aureus infection, diagnosis of systemic inflammatory response, and
having received adrenaline as independent mortality RFs.!> An Indian
study in ICUs observed that male gender was a mortality RE.'* A
Turkish research identified thrombocytopenia as a RF of ICU mortal-
ity.'> An investigation conducted in Brazil identified HAI as a mortal-
ity RE.'® Another Turkish study showed that use of central line (CL) is
a significant mortality RF.!” Similarly, a Northern Thai study of a

tertiary-care university-based general surgical intensive care unit
found that resistant organisms are mortality RF.'®

The above mentioned studies have analyzed the impact of sever-
ity of illness scores, underlying diseases, age, gender, presence of
HAIs, and a few others for in hospital all-cause mortality in ICUs.
However, as of publication, no study has analyzed multiple countries
from different continents simultaneously to identify RF for mortality
in ICUs. Additionally, no study has been conducted prospectively
over 24 years. To our knowledge no study has analyzed all the follow-
ing variables simultaneously and their association with in hospital
all-cause mortality in ICUs: Income per country according with World
Bank (low, lower-middle, upper-middle, high),'® hospital ownership
(publicly owned facilities, not-for-profit privately owned facilities,
for-profit privately owned facilities, university hospitals),>® type of
hospitalization (medical, surgical), ICU type (cardio-thoracic, coro-
nary, medical, medical-surgical, neuro-surgical, neurologic, adult-
oncology, pediatric-oncology, pediatric, respiratory, surgical, trauma,
burn), device days (CL-days, MV-days, urinary catheter [UC]-days),
device utilization ratio as a marker of severity (CL-utilization ratio,
MV-utilization ratio, UC-utilization ratio).?! The goal of the present
study is to analyze the impact of these variables and others as RFs for
in hospital all-cause mortality in ICUs.

METHODS
Study population and design
This multinational, multi-center, cohort, prospective study was

carried out with patients admitted to 786 ICUs of 287 hospitals in
147 cities in 37 countries of Latin America, Asia, Africa, the Middle
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East, and Eastern Europe throughout 24 years, between July 1st,
1998, and February 12th, 2022.

Surveillance of health care associated infections

The data was collected on each patient at the time of their ICU
admission. From admission to discharge, infection prevention profes-
sionals (IPP) went to the bedside of each patient on a daily basis. All
patients with or without HAIs admitted to an ICU were prospectively
included in this investigation, and their data were collected from admis-
sion to discharge using the INICC Surveillance Online System (ISOS).%"
IPPs go with a tablet to the bedside of each hospitalized patient in the
ICU, log in on ISOS, and upload the patient’s data in real time.>*

At the time the patient is admitted, this information includes
details about the setting, including the country, city, hospital name,
and type of ICU; as well as details about the patient, including age,
type of hospitalization (surgical or medical), and use of invasive devi-
ces (CL, MV, UC, peripheral catheter).>® IPPs upload information
about a patient’s invasive devices (CL, MV, UC, peripheral catheter),
and positive cultures (blood cultures, urine cultures, respiratory sam-
ples), until the patient is released.’”

In the case the patient has signs or symptoms of infection, an infec-
tious diseases specialist approach the patient to determine the presence
of an HAI (central line associated bloodstream infection [CLAB], ventila-
tor associated pneumonia [VAP], catheter associated urinary tract infec-
tion [CAUTI], or other). According to the Centers for Disease Control and
Prevention |/ National Healthcare Safety Network (CDC/NHSN), IPPs look
at a patient’s signs and symptoms, cultures, X-rays, and other described
criteria to fulfill definitions of HAL?>?> When IPPs upload the result of a
culture to the ISOS, the ISOS immediately shows a message to the IPP
and leads the IPP to an online module of the ISOS to check all the criteria
of CDC NHSN to confirm the presence of an HAI and kind of HAI (CLABS]I,
VAP, CAUT], or other).%?

ISOS checks device utilization (DU) on a daily basis. From admis-
sion to discharge, the ISOS sends messages to the IPPs when a bias on
patient-days or use of devices is detected. If ISOS detects lack of use
of any kind of device on any given day, it will send a message to IPP
to remind him or her to upload missing devices or upload the dis-
charge of the patient, because if the patient is hospitalized in ICU
without any device in place, it is most probably because IPP forgot to
upload to ISOS the use of devices, or forgot to upload to ISOS the dis-
charge of the patient. That is, ISOS requests that IPPs investigate why
a patient in an ICU has no devices in place,”> This approach signifi-
cantly reduces biases associated with DU, patient-days, and discharge
conditions.*?

Patients with missing data on their age or gender were excluded
from this analysis. This study was approved by the Institutional
Review Boards of the hospitals involved. The identities of patients
and hospitals are kept confidential.

INICC surveillance online system

According to standard CDC/NSHN methods, HAI denominators are
device-days collected from all patients as pooled data, without speci-
fying each patient’s characteristics or the number of device-days
related to such patient.>>?> INICC HAI surveillance is carried out
through the use of an online platform, the ISOS, which includes CDC
NHSN criteria and methods.?*?*

ISOS also adds the collection of patient-specific data on all
patients, with and without HAI, including several variables per
patient.” Data from all patients admitted to the ICU, allow matching
by various characteristics, serving to estimate RF for death.

Data collected through INICC’s online surveillance system applies
the latest CDC/NHSN criteria and methodology to diagnose HAls, cal-
culate HAI rates, and calculate DU ratio, among others.?**3

Definitions of HAI used during surveillance were those published by
CDC in 1991%? and all their subsequent updates through 2022.%

Study definitions

World Bank country classifications by income level

The World Bank assigns the world’s economies to four income
groups—low, lower-middle, upper-middle, and high-income coun-
tries. The classifications are based on GNI per capita in current USD.
Low income are those countries with gross national income (GNI)
less than USD 1,045. Lower-middle income those with GNI from
1,046 to 4,095. Upper-middle income those with GNI from 4,096 to
12,695. High income those with GNI >12,695."°

Patient-day
A count of the number of patients in a patient care location during
a defined time period.?!

Device-utilization

DU was calculated as a ratio of device-days to patient-days for
each location type. As such, the DU of a location measures the use of
invasive devices and constitutes an extrinsic RF for HAL. DU may also
serve as a marker for severity of illness of patients (ie severely ill
patients are more likely to require an invasive device) which is an
intrinsic RF for infection.?*

Facility/institution ownership type

Publicly owned facilities owned or controlled by a governmen-
tal unit or another public corporation (where control is defined as
the ability to determine the general corporate policy); not-for-profit
privately owned facilities that are legal or social entities created for
the purpose of producing goods and services, whose status does not
permit them to be a source of income, profit or other financial gain
for the unit(s) that establish, control or finance them; and, for-profit
privately owned facilities that are legal entities set up for the pur-
pose of producing goods and services and are capable of generating a
profit or other financial gain for their owners.”°

Intensive care unit: It is a nursing care area that provides inten-
sive observation, diagnostic and therapeutic procedures for patients
who are critically ill. An ICU excludes nursing areas that provide
step- down, intermediate care or telemetry only. Specialty care areas
are also excluded. The type of ICU is determined by the type of
patients cared for in that unit according to the 80% Rule —which
means 80% of the patients in a location are of a certain type. For
example, if 80% of the patients in an area are patients receiving criti-
cal care for trauma, this area should be designated as an Inpatient
Trauma Critical Care Unit. When an ICU houses roughly equal popula-
tions of medical and surgical patients (a 50/50 to 60/40 mix), it is
called a medical-surgical ICU.?!

Recorded data

Income group by World Bank country classifications by income
level (low, lower middle, upper middle, high),’® country name, city
name, hospital name, hospital ownership (publicly owned facilities,
not-for-profit privately owned facilities, for-profit privately owned
facilities, university hospitals),?° ICU type,?! age, gender, device-days
(CL-days, MV-days, UC-days),>! DU ratio as a marker of severity of ill-
ness of patients (CL-utilization ratio, MV-utilization ratio, UC-utiliza-
tion ratio),?* patient-days/length of stay (LOS),”! and acquisition of
HAI according with CDC/NHSN definitions (CLABSI, VAP, CAUTI)***3
were recorded as independent variables. The evaluated outcome was
in hospital all-cause mortality.
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Statistical analysis

Surviving and deceased patients were compared using multiple
logistic regression. Statistically significant variables were indepen-
dently associated with an increased RF for mortality. The test statistic
used was the Wald test, and the statistical significance level was set
at 0.05. Calculated from the outputs of multiple logistic regression,
adjusted odds ratios (aORs) and the corresponding 95% Cls of statisti-
cally significant variables were also reported. We used DU ratio as a
marker for severity. We estimated independent variables indepen-
dently associated with the outcome (death), adjusted for all con-
founders present in Table 1. All statistical analyses were performed
using R software, version 4.1.3.

RESULTS

From July 1st' 1998 to February 12th’ 2022, during the course of
24 years, a multinational, multicenter, cohort, prospective, surveil-
lance study was conducted in 786 ICUs of 287 hospitals in 147 cities
in 37 countries (Argentina, Bahrain, Brazil, Bulgaria, China, Colombia,
Costa Rica, Cuba, Dominican Republic, Ecuador, Egypt, El Salvador,

Table 1
Setting and patient characteristics

India, Jordan, Kingdom of Saudi Arabia, Kosovo, Kuwait, Lebanon,
Malaysia, Mexico, Mongolia, Morocco, Nepal, Pakistan, Palestine, Pan-
ama, Peru, Philippines, Poland, Romania, Slovakia, Sri Lanka, Thailand,
Turkey, United Arab Emirates, Venezuela, and Vietnam) from Latin-
America, Asia, Africa, Middle East, and Europe, currently participating
in INICC.

Of all 287 hospitals, 121 (42.1%) were for-profit privately owned
facilities, 115 (40.0%) were publicly owned facilities, 69 (24.04%)
were academic, and the remaining 7 (2.43%) were not-for-profit pri-
vately owned facilities.

Among all 786 ICUs, 242 (29.44%) were medical-surgical, 138
(16.79%) were medical, 81 (9.85%) were pediatric, 76 (9.25%) were
surgical, 75 (9.12%) were coronary, 47 (5.72%) were neuro-surgical,
27 (3.28%) were cardio-thoracic, 25 (3.04%) were neurologic, 23
(2.8%) were respiratory, 20 (2.43%) were trauma, 11 (1.34%) were
pediatric-oncology, 11 (1.34%) were adult-oncology, and 10 (1.22%)
were burn.

This is a cohort study, and length of participation of hospitals is
variable. The length of participation of hospitals in INICC ranged from
1.17 to 227.53 months (Mean, 38.40; SD, 42.30). More participating
hospitals’ and patients’ characteristics are shown in Table 1.

Data collected from 07/01/1998 to 02/12/2022, over 24 years, at 786 ICUs, of 287 hospitals, in 147 cities of 37 countries

Total patients, n (%) 300,827 (100%)
Survival status, n (%)
Alive 256,935 (85.46%)
Death 43,728 (14.54%)
According with World Bank country classification by income level, n (%)
Low 1(2.7%)
Lower middle 11(29.73%)
Upper middle 19(51.35%)
High 6(16.22%)

Number of patients admitted to ICUs of following kind of hospitals, n (%)
For-profit privately owned facilities
Publicly owned facilities
University facilities
Not-for-profit privately owned facilities
Number of patients with medical hospitalization, n (%)
Number of patients with surgical hospitalization, n (%)
Number of patients admitted to following types of ICUs, n (%)
Cardio-thoracic ICU
Coronary ICU
Medical ICU
Medical-surgical ICU
Neuro-surgical ICU
Neurologic ICU
Adult-oncology ICU
Pediatric-oncology ICU
Pediatric ICU
Respiratory ICU
Surgical ICU
Trauma ICU
Burn ICU
Gender, n (%)
Male
Female
Age, mean, SD
CL-days, n, mean, SD
MV-days, n, mean, SD
UC-days, n, mean, SD
CL-utilization ratio, mean, SD
MV-utilization ratio, mean, SD
UC-utilization ratio, mean, SD
Patient-days, n
Average LOS, mean, SD
CLABSI, n (%)
VAP, n (%)
CAUTI, n (%)

125,771 (41.83%)
71,748 (23.86%)
90,527 (30.11%)
12,617 (4.2%)
217929 (72.48%)
82734 (25.72%)

8,416 (2.8%)
27,349 (9.1%)
33,281 (11.07%)
182,098 (60.57%)
5,877 (1.95%)
1,785 (0.59%)
3,734 (1.24%)
1,540 (0.51%)
16,387 (5.45%)
1,485 (0.49%)
15,784 (5.25%)
2,753 (0.92%)
174 (0.058%)

182,935 (60.84%)

117,780 (39.16%)

Mean = 52.15, SD = 23.93
1,507,281; Mean = 5.01; SD = 10.83
830,311; Mean = 2.76; SD = 7.15
1,413,708; Mean = 4.70; SD = 7.84
Mean = 0.66; SD = 1.55

Mean = 0.28; SD = 0.66

Mean = 0.62; SD = 0.67

2,167,397

Mean = 7.21, SD = 9.43

6,279 (29.38%)

10,941 (51.2%)

4,151 (19.42%)

CAUTI, catheter associated urinary tract infection; CL, central line; CLAB, central line associated bloodstream infection; ICU, intensive care unit; LOS, length of stay; MV, mechanical

ventilator; PC, peripheral catheter; SD, standard deviation
UG, urinary catheter; VAP, ventilator-associated pneumonia;
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Table 2
Mortality rate stratified per ICU type

ICU type Number of patients, n Number of patients dead, n (%), 95% CI
Respiratory ICU 1,511 467 (30.91%) 95% CI: (28.17-33.84)
Adult-oncology ICU 3,734 1,143 (30.61%) 95% CI: (28.86-32.44)
Medical-surgical ICU 182,148 30,871 (16.96%) 95% CI: (16.76-17.14)
Trauma ICU 2,754 404 (14.67%) 95% CI: (13.27-16.17)
Medical ICU 33,347 4,865 (14.59%) 95% CI: (14.18-15.00)
Neurologic ICU 1,789 228 (12.74%) 95% CI: (11.14-14.51)
Neuro-surgical ICU 5,881 651 (11.07%) 95% CI: (10.24-11.95)
Cardio-thoracic ICU 8,418 759 (9.02%) 95% CI: (8.39-9.68)
Surgical ICU 15,789 1,290 (8.17%) 95% ClI: (7.73-8.63)
Pediatric ICU 16,392 1,322 (8.07%) 95% CI: (7.64-8.51)
Burn ICU 174 11(6.32%) 95% CI: (3.16-11.31)
Coronary ICU 27,350 1,652 (6.04%) 95% CI: (5.75-6.34)
Pediatric-oncology ICU 1,540 84 (5.46%) 95% Cl: (4.35-6.75)

ICU, intensive care unit; CI, confidence interval.

Mortality rates per ICU type are shown in Table 2. Mortality rates
according to World Bank country classification by income level
(lower-middle income, upper-middle income, and high income) and
by facility ownership type (publicly owned facilities, for-profit pri-
vately owned facilities, university hospitals, not-for-profit privately
owned facilities) are shown in Table 3.

Using multiple logistic regression, the following variables were
identified as statistically significantly independently associated with
death: acquisition of a CLABSI (aOR,1.84; 95% (I, 1.73-1.95; P<.0001);
acquisition of a VAP (aOR,1.48; 95% CI, 1.41-1.55; P<.0001); acquisi-
tion of a CAUTI (aOR,1.18; 95% CI, 1.10-1.28; P<.0001); medical hospi-
talization instead of surgical (aOR,1.81; 95% CI, 1.75-1.86; P<.0001);
longer stay (aOR,1.01; 95% CI, 1.01-1.02; P<.0001), showing an 1%
rise on risk of death per day; female gender instead of male
(aOR,1.09; 95% (I, 1.07-1.12; P<.0001); older age, rises 1% rise per
year of age (aOR,1.012; 95% CI, 1.011-1.0124; P<.0001); longer use of
CL rises 2% rise per CL-day (aOR,1.02; 95% CI, 1.01-1.02; P<.0001) and
higher MV-utilization ratio (aOR, 10.46; 95% CI, 10.07-10.86; P
<.0001). (See Table 4)

DISCUSSION

Although DU in INICC ICUs was similar to that reported in CDC-
NHSN ICUs,?” according to INICC last international report, the pooled
CLABSI rate was higher (5.30 vs 0.8 per 1,000 CL-days), the VAP rate
was also higher (11.47 vs 6.96 per 1,000 MV-days,) as was the CAUTI
rate (3.16 vs 0.91 per 1,000 UC-days).!! Different underlying reasons

Table 3

can explain this adverse situation, such as low rates of compliance
with guidelines, low nurse-to-patient staffing ratios, over-crowding
in ICUs, insufficient medical supplies, outdated technology, and lack
of trained and experienced health care workers (HCW).?52” The pre-
vious INICC international report also found that the acquisition of
one HAI increases mortality approximately 2-3times, however,
should the patient present three HAIs simultaneously, mortality
increases more significantly, reaching over 63%.""

The present study found an association of CLABSI, VAP, CAUTI,
high income level of the country, for-profit privately owned facilities,
medical hospitalization, patient-days, female gender, age, and MV-
utilization ratio with death. On the other hand, we identified that the
coronary ICU was the ICU with the lowest risk of death.

The present study found an association between acquisition of
CLABSI and mortality, coinciding with previous findings, such as a
Greek report which observed that the acquisition of a CLABSI was an
independent death RF (OR, 1.76; 95% CI, 1.11-2.78; P =.015).%® In
addition, our study also found an association between the acquisition
of VAP and mortality, as demonstrated by Wang, et al., showing a
similar association.’® Additionally a link between the acquisition of
CAUTI and mortality was observed. This is consistent with assertions
by Ylipalosaari, however these authors did not specify kind of HAI>°

Older age was also found to be associated with mortality in our
study. A 1.2% rise on mortality per year of age was observed in our
study. With logistic regression analyses, age (>60 years) (OR, 3.65;
95% (I, 1.48-9.0), was found to be significant risk factors for mortality
in a Turkish study.!”

Mortality rate stratified per World Bank country classifications by income level and per Facility ownership type

Number of patients, n

Number of patients dead, n (%), 95% CI

Lower-middle income

Pooled 158,762
Publicly owned facilities 15,180
For-profit privately owned facilities 78,442
University hospitals 53,996
Not-for-profit privately owned facilities 11,144
Upper-middle income
Pooled 103,043
Publicly owned facilities 23,587
For-profit privately owned facilities 43,506
University hospitals 34,477
Not-for-profit privately owned facilities 1,473
High income
Pooled 37,776
Publicly owned facilities 32,913
For-profit privately owned facilities 2,785
University hospitals 2,078
Not-for-profit privately owned facilities 0

18,322 (11.54%) 95% Cl: (0.1137-0.1171)
1,796 (11.83%) 95% Cl: (0.1129 - 0.1239)
9,828 (12.53%) 95% CI: (0.1228 - 0.1278)
5,570 (10.32%) 95% CI: (0.1005 - 0.1059)
1,128 (10.12%) 95% CI: (0.0954 - 0.1073)

18,129 (17.59%) 95% Cl: (0.1734 - 0.1785)
3,755 (15.92%) 95% CI: (0.1541 -0.1644)
6,966 (16.01%) 95% CI: (0.1564 - 0.1639)
7,177 (20.82%) 95% CI: (0.2034 - 0.213)

231(15.68%) 95% Cl: (0.1373 - 0.1784)

7,169
6,096
405
668

18.98%) 95% CI: (0.1854 - 0.1942

18.52%) 95% CI: (0.1806 - 0.1899

14.54%) 95% CI: (0.1316 - 0.1603

32.15%) 95% CI: (0.2975 - 0.3468
0

(I, confidence interval.
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Table 4
Logistic regression analysis of risk factors associated with death
Variable OR 95% Cl Pvalue
CLABSI 1.84 1.73-1.95 <.0001
VAP 1.48 1.41-1.55 <.0001
CAUTI 1.18 1.10-1.28 <.0001
According with World Bank country classification by income level
Lower-middle income country 1.31 1.07-1.59 .008
Upper-middle income country 1.96 1.61-2.39 <.0001
High income country 2.11 1.73-2.58 <.0001
Hospital ownership
For-profit privately owned facilities 1.04 0.97-1.11 3
Publicly owned facilities 0.85 0.79-0.91 <.0001
University facilities 0.96 0.90-1.03 23
Medical Hospitalization 1.81 1.75-1.86 <.0001
ICU type
Coronary ICU 0,34 0.18-0.64 <.0001
Pediatric ICU 0,57 0.30-1.07 .08
Surgical ICU 0,58 0.31-1.09 .09
Pediatric-oncology ICU 0,59 0.29-1.15 12
Neurologic ICU 0,63 0.33-1.21 17
Respiratory ICU 0,70 0.36-1.33 28
Neuro -surgical ICU 0,71 0.37-1.35 .29
Cardio-thoracic ICU 0,80 0.42-1.52 .50
Medical-surgical ICU 0,83 0.44-1.57 57
Medical ICU 0,85 0.45-1.61 .62
Trauma ICU 0,93 0.49-1.77 83
Adult-oncology ICU 1,79 0.95-3.39 .07
Patient-days 1.01 1.01-1.02 <.0001
Gender, female 1.09 1.07-1.12 <.0001
Age 1.012 1.011-1.0124 <.0001
CL-days 1.02 1.01-1.02 <.0001
MV-days 0.97 0.96-0.97 <.0001
UC-days 1.00 1.00-1.01 <.0001
CL-utilization ratio 0.94 0.93-0.95 <.0001
MV-utilization ratio 10.46 10.07-10.86 <.0001
UC-utilization ratio 0.97 0.94-1.00 .03

CAUT], catheter associated urinary tract infection; CI, confidence interval; CL, central
line; CLABSI, central line associated bloodstream infection; ICU, intensive care unit;
LOS, length of stay; MV, mechanical ventilator; OR, odds ratio; PC, peripheral catheter;
UG, urinary catheter; VAP, ventilator-associated pneumonia;

The present study additionally found an association between the
female gender and mortality. Coincidentally, Todorov et al. 2021
investigated the effect of gender on the likelihood of receiving inten-
sive care in critically ill cardio- and neurovascular patients in a large
nationwide Swiss cohort, and found the same association. They con-
ducted a retrospective study of 450,948 adult patients with neuro-
and cardiovascular disease admitted to all Swiss hospitals between
2012 and 2016. Overall, women had a lower likelihood of being
admitted to an ICU than men, despite being more severely ill [odds
ratio (OR) of 0.78 (0.76-0.79)]. ICU admission probability was lowest
in women aged > 65 years (OR women:men 0.94 (0.89-0.99),
P=.001). Despite having a more severe illness, women over 45 years
of age had the same ICU admission probability as men in the same
age group [OR women:men 1.03 (0.94-1.13)]. The odds of dying were
significantly higher in women than in men per unit increase in Sim-
plified Acute Physiology Score (SAPS) II (OR 1.008 [1.004-1.012]). In
the care of the critically ill, this study suggests that women are less
likely to receive ICU treatment regardless of disease severity. Under-
use of ICU care was most prevalent in women under 45 years old.>!

Moreover, an association was found between prolonged patient-
days / LOS and mortality, consistent with a previous study analyzing
epidemiology and risk factors for mortality in ICU patients, in which
observed prolonged LOS was an independent RF in multivariate anal-
ysis (P<.01).%?

Furthermore, this study found an association between invasive
MV-utilization ratio and mortality. In a study analyzing incidence, RF,
and associated mortality in a Turkish university hospital, with logistic

regression analyses, MV (OR, 3.60; 95% CI, 1.05-12.39) was found to
be a significant mortality RF.!”

This study further observed an association between CL-days and
mortality. We found a 2% increased mortality per CL-day, showing a
similar association in a study analyzing RF and associated mortality
in a Turkish university hospital, with logistic regression analyses, CL
(OR, 7.85; 95% (I, 1.61-38.32) was found to be a significant mortality
RE."

The current study also observed that publicly owned facilities
have a significantly lower risk of mortality than for-profit privately
owned facilities or university hospitals. Regarding this association,
Eggleston conducted a systematic review to examines what factors
explain the diversity of findings regarding hospital ownership and
quality. They found that ownership does appear to be systematically
related to differences in quality among hospitals in several contexts.
Those studies found for-profit and government-controlled hospitals
to have higher mortality rates than their nonprofit counterparts.*®
Devereaux undertook a systematic review and meta-analysis of stud-
ies comparing the mortality rates of private for-profit hospitals and
those of private not-for-profit hospitals. For each study, they calcu-
lated a relative risk of mortality for private for-profit hospitals rela-
tive to private not-for-profit hospitals. In the studies of adult
populations, private for-profit hospitals were associated with an
increased risk of death (relative risk [RR] 1.020, 95% confidence inter-
val [CI] 1.003-1.038; P=.02). Their meta-analysis suggests that private
for-profit ownership of hospitals, in comparison with private not-for-
profit ownership, results in a higher risk of death for patients.>*
Regarding performance of publicly owned facilities in high income
countries, Alatawi et al. in 2020 assessed the performance of publicly
owned facilities in Saudi Arabia. They detected the sources of ineffi-
ciency and estimated the optimal levels of the resources that provide
the current level of health services. They employed data envelopment
analysis to measure the technical efficiency of 91 public hospitals.
The assessment includes four inputs and six output variables taken
from the Ministry of Health databases for 2017. They analyzed data
from the Ministry of Health-affiliated hospitals in the Kingdom of
Saudi Arabia. Findings identified 75.8% of public hospitals as techni-
cally inefficient. Small hospitals were more efficient than medium-
sized and large hospitals. Hospitals in the central region were more
efficient than those located in other geographical locations. More
than half of the hospitals (62.6%) were operating sub-optimally in
terms of scale efficiency. Performance analysis identified overuse of
physicians’ numbers and shortage of health service production as
major causes of inefficiency. Most hospitals were technically ineffi-
cient and operating at suboptimal scale sizes, which indicates that
many hospitals may improve their performance through efficient uti-
lization of health resources to provide the current level of health
services.”®

Additionally, the present study found that high-income countries
have a significantly higher risk of mortality than low or middle-
income countries. This finding could be explained by the probably
inadequate health care quality programs in those high-income coun-
tries participating in this study, as demonstrated by Alatawi et al. in
2020 analyzing the quality of health care in a high-income country.*”

In addition, this study found that medical hospitalization has a
significantly higher risk of mortality than surgical hospitalization.
This could be explained by the fact that, on the one hand, patients
admitted for planned surgical procedures have a less severe condi-
tion than those admitted for medical reasons, and thus, most of them
are stable. But, on the other hand, when a medical patient is admitted
to the ICU, they are rarely stable.*®

Finally, the present study noted that patients admitted to coro-
nary ICU have a significantly lower risk of mortality than patients
hospitalized in any other kind of ICU. DU ratio, especially in the case
of MV-utilization ratio, as a marker of severity of illness of patients, is
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one of the lowest in coronary ICU,?° and this could explain why coro-
nary ICU is associated with the lowest risk of mortality.

As a conclusion, in the first instance, some of the mortality RFs
identified in our study are unlikely to change, such as income level of
the country, facility ownership, type of hospitalization, gender, and
age. However, some RFs for death can be modified; acquisition of
CLABSI, VAP, or CAUTI, LOS, and MV-utilization. As INICC has already
shown, HAI rates in low- and middle-income countries are 3-5 times
higher than in the US,*'! and therefore, there is room for improve-
ment. So, to reduce the risk of death in ICUs, we recommend focusing
on strategies to reduce LOS, reduce use of MV, and implement an evi-
dence-based set of recommendations to prevent HAIs, such as those
recently published by APIC/SHEA/IDSA.>”-8

This study has several potential limitations. Firstly, this study is
not representative of all hospitals in the world, as it is a surveillance
system in which hospitals that wish to participate join voluntarily.
Secondly, it is likely that the hospitals that decide to participate are
those that have a better-quality program and surveillance and pre-
vention of HAIs. Therefore, it is also likely that the rates of HAI shown
in this study are lower than the actual rates found worldwide. Lastly,
on he one hand, data regarding the severity of illness scores were not
collected, which may contribute to identifying them as another RF for
death, but, on the other hand, we adjusted the outcome to device uti-
lization ratio as a marker for the severity of illness of patients.>

AUTHOR CONTRIBUTIONS

Rosenthal, V.D. was responsible for study conception and design,
software development, technical support, drafting tutorials for sur-
veillance process, training of data collectors, provision of study
patients, data validation, data assembly, data interpretation, epidemi-
ological analysis, drafting of the manuscript.

Zhilin Jin and Ruijie Yin contributed equally to building machine
learning models and conducting statistical analysis, critical revision
for important intellectual content, and final approval of the manu-
script.

Yawen Lu has collaborated with the search for scientific referen-
ces and the final approval of the manuscript.

Remaining authors were involved in the provision of study
patients.

All authors were involved in critical revision of the manuscript for
important intellectual content, and final approval of the manuscript.

IRB APPROVAL

An Institutional Review Board approved the study prior to data
collection.

Acknowledgments

The authors thank the many health care professionals who
assisted in conducting surveillance in their hospitals, the INICC Advi-
sory Board, Country Directors, and Secretaries who have so gener-
ously supported this unique international infection control network.

References

1. Callahan D. Managed care and the goals of medicine. ] Am Geriatr Soc.
1998;46:385-388.

2. Rosenthal VD. International nosocomial infection control consortium (INICC)
resources: INICC multidimensional approach and INICC surveillance online sys-
tem. AmJ Infect Control. 2016;44:e81-e90.

3. Rosenthal VD, Maki DG, Graves N. The international nosocomial infection control
consortium (INICC): goals and objectives, description of surveillance methods, and
operational activities. Am J Infect Control. 2008;36:e1-12.

4. Rosenthal VD, Maki DG, Salomao R, et al. Device-associated nosocomial infections
in 55 intensive care units of 8 developing countries. Ann Intern Med. 2006;
145:582-591.

. Rosenthal VD, Maki DG, Mehta A, et al. International nosocomial infection control
consortium report, data summary for 2002-2007, issued January 2008. Am J Infect
Control. 2008;36:627-637.

6. Rosenthal VD, Maki DG, Jamuitrat S, et al. International nosocomial infection con-
trol consortium (INICC) report, data summary for 2003-2008, issued June 2009.
Am | Infect Control. 2010;38:95-104.

. Rosenthal VD, Bijie H, Maki DG, et al. International nosocomial infection control
consortium (INICC) report, data summary of 36 countries, for 2004-2009. Am |
Infect Control. 2012;40:396-407.

. Rosenthal VD, Maki DG, Mehta Y, et al. International nosocomial infection control
consortium (INICC) report, data summary of 43 countries for 2007-2012. Device-
associated module. Am J Infect Control. 2014;42:942-956.

9. Rosenthal VD, Al-Abdely HM, El-Kholy AA, et al. International nosocomial infection
control consortium report, data summary of 50 countries for 2010-2015: device-
associated module. Am J Infect Control. 2016;44:1495-1504.

10. Rosenthal VD, Bat-Erdene I, Gupta D, et al. International nosocomial infection con-
trol consortium (INICC) report, data summary of 45 countries for 2012-2017:
device-associated module. Am J Infect Control. 2020;48:423-432.

11. Rosenthal VD, Duszynska W, Ider BE, et al. International nosocomial infection
control consortium (INICC) report, data summary of 45 countries for 2013-
2018, adult and pediatric units, device-associated module. Am ] Infect Control.
2021;49:1267-1274.

12. Kalin BS, Ozcaylak S, Solmaz I, Kilic J. Assessment of risk factors for mortality in
patients in medical intensive care unit of a tertiary hospital. Indian J Crit Care Med.
2022;26:49-52.

13. Bunburaphong P, Chatrkaw P, Sriprachittichai P, Supleornsug K, Ultchaswadi
P, Sumetha-Aksorn N. Risk factors for predicting mortality in a surgical inten-
sive care unit in the year 2000. ] Med Assoc Thai. 2003;86:8-15.

14. Garg R, Tellapragada C, Shaw T, et al. Epidemiology of sepsis and risk factors for
mortality in intensive care unit: a hospital based prospective study in South India.
Infect Dis (Lond). 2022;54:325-334.

15. Burunsuzoglu B, Salturk C, Karakurt Z, et al. Thrombocytopenia: a risk factor of
mortality for patients with sepsis in the intensive care unit. Turk Thorac J.
2016;17:7-14.

16. Toufen Jr. C, Franca SA, Okamoto VN, Salge JM, Carvalho CR. Infection as an inde-
pendent risk factor for mortality in the surgical intensive care unit. Clinics (Sao
Paulo). 2013;68:1103-1108.

17. Meric M, Willke A, Caglayan C, Toker K. Intensive care unit-acquired infections:
incidence, risk factors and associated mortality in a Turkish university hospital.
Jpn ] Infect Dis. 2005;58:297-302.

18. Chittawatanarat K, Jaipakdee W, Chotirosniramit N, Chandacham K, Jirapongcharoen-
lap T. Microbiology, resistance patterns, and risk factors of mortality in ventilator-
associated bacterial pneumonia in a Northern Thai tertiary-care university based gen-
eral surgical intensive care unit. Infect Drug Resist. 2014;7:203-210.

19. New World Bank country classifications by income level: 2021-2022. Washington DC,
US: Worlkd Bank; 2022.

20. World Health Organization. Glossary of Terms. WHO European Primary Health Care
Impact Performance and Capacity Tool (PHC-IMPACT). Geneva, Switzerland: World
Health Organization; 2019:15.

21. National Healthcare Safety Network. General Key Terms. Atlanta, Georgia, US: Cen-
ter for Diseases Control and Prevention; 2022.

22. Emori TG, Culver DH, Horan TC, et al. National nosocomial infections surveillance
system (NNIS): description of surveillance methods. Am J Infect Control.
1991;19:19-35.

23. CDC/NHSN. CDC/NHSN surveillance definition of health care-associated infection
and criteria for specific types of infections in the acute care setting. Atlanta, Geor-
gia, US: Center for Diseases Control and Prevention; 2013.

24. Dudeck MA, Edwards JR, Allen-Bridson K, et al. National Healthcare Safety Net-
work report, data summary for 2013, Device-associated Module. Am J Infect Con-
trol. 2015;43:206-221.

25. CDC-NHSN. The 2019 National and State Healthcare-Associated Infections (HAI)
Progress Report. Accessed February 17, 2022. https://www.cdc.gov/nhsn/datastat/
index.html.

26. Lynch P RV, Borg MA, Eremin SR. Infection Control in Developing Countries. In:
Jarvis WR, ed. Bennett and Brachman’s Hospital Infections. New York: Lipppincott
Williams & Wilkins; 2007:255.

27. Rosenthal VD. Health-care-associated infections in developing countries. Lancet.
2011;377:186-188.

28. Pratikaki M, Platsouka E, Sotiropoulou C, et al. Risk factors for and influence of
bloodstream infections on mortality: a 1-year prospective study in a Greek inten-
sive-care unit. Epidemiol Infect. 2009;137:727-735.

29. Zhu S, Wang W, Kang Y, et al. Clinical outcomes and risk factors for mortality from
ventilator-associated events: a registry-based cohort study among 30,830 inten-
sive care unit patients. Infect Control Hosp Epidemiol. 2022;43:48-55.

30. Ylipalosaari P, Ala-Kokko TI, Laurila ], Ohtonen P, Syrjala H. Intensive care acquired
infection is an independent risk factor for hospital mortality: a prospective cohort
study. Crit Care. 2006;10:R66.

31. Todorov A, Kaufmann F, Arslani K, et al. Gender differences in the provision of
intensive care: a Bayesian approach. Intensive Care Med. 2021;47:577-587.

32. But A, Yetkin MA, Kanyilmaz D, et al. Analysis of epidemiology and risk factors for
mortality in ventilator-associated pneumonia attacks in intensive care unit
patients. Turk ] Med Sci. 2017;47:812-816.

w

~

ol


http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0001
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0001
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0002
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0002
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0002
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0003
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0003
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0003
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0004
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0004
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0004
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0005
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0005
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0005
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0006
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0006
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0006
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0007
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0007
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0007
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0008
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0008
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0008
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0009
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0009
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0009
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0010
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0010
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0010
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0011
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0011
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0011
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0011
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0012
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0012
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0012
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0013
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0013
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0013
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0014
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0014
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0014
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0015
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0015
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0015
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0016
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0016
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0016
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0017
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0017
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0017
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0018
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0018
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0018
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0018
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0019
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0019
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0020
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0020
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0020
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0021
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0021
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0022
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0022
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0022
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0023
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0023
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0023
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0024
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0024
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0024
https://www.cdc.gov/nhsn/datastat/index.html
https://www.cdc.gov/nhsn/datastat/index.html
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0026
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0026
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0026
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0027
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0027
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0028
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0028
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0028
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0029
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0029
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0029
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0030
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0030
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0030
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0031
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0031
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0032
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0032
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0032

ARTICLE IN PRESS

V.D. Rosenthal et al. / American Journal of Infection Control 00 (2022) 1-8

33.

34.

35.

Eggleston K, Shen Y C, Lau ], Schmid C H, Chan ]. Hospital ownership and quality of
care: what explains the different results in the literature? Health Econ.
2008;17:1345-1362.

Devereaux PJ, Choi PT, Lacchetti C, et al. A systematic review and meta-analysis of
studies comparing mortality rates of private for-profit and private not-for-profit
hospitals. CMAJ. 2002;166:1399-1406. May 28 [Online]. Available: https://www.
ncbi.nlm.nih.gov/pubmed/12054406.

Alatawi AD, Niessen LW, Khan JAM. Efficiency evaluation of public hospitals in Saudi
Arabia: an application of data envelopment analysis. BMJ Open. 2020;10: e031924.

36.

37.

38.

Overview of clinical conditions with frequent and costly hospital readmissions by
Payer. Rockville: Hethcare Research and Quality; 2018.

Klompas M, Branson R, Cawcutt K, et al. Strategies to prevent ventilator-associated
pneumonia, ventilator-associated events, and nonventilator hospital-acquired
pneumonia in acute-care hospitals: 2022 Update. Infect Control Hosp Epidemiol.
2022;43:687-713.

Buetti N, Marschall ], Drees M, et al. Strategies to prevent central line-associated blood-
stream infections in acute-care hospitals: 2022 Update. Infect Control Hosp Epidemiol.
2022;43:1-17.


http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0033
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0033
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0033
https://www.ncbi.nlm.nih.gov/pubmed/12054406
https://www.ncbi.nlm.nih.gov/pubmed/12054406
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0035
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0035
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0036
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0036
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0037
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0037
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0037
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0037
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0038
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0038
http://refhub.elsevier.com/S0196-6553(22)00658-7/sbref0038

	The impact of healthcare-associated infections on mortality in ICU: A prospective study in Asia, Africa, Eastern Europe, Latin America, and the Middle East
	Introduction
	Methods
	Study population and design
	Surveillance of health care associated infections
	INICC surveillance online system
	Study definitions
	World Bank country classifications by income level
	Patient-day
	Device-utilization

	Facility/institution ownership type
	Recorded data
	Statistical analysis

	Results
	Discussion
	Author contributions
	IRB approval
	Acknowledgments
	References


