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superficial layers of skin, are responsible for most health
care related infections and the spread of antimicrobial
resistance. This group includes organisms such as
Staphylococcus aureus, Gram-negative bacilli and
Candida species amongst them.

There are 2 different methods for hand hygiene. In
the traditional method, hands should be washed thor-
oughly with soap and water for at least one minute, and
a disposable towel should be used to dry hands and per-
haps to close the faucet. With mechanical friction,
microorganisms are removed from the skin and hair fol-
licles. It is now thought that such careful hand washing
is essential only when hands are soiled with body fluids.
In general, it takes approximately 2 minutes to complete
such a hand-washing task. It is estimated that if good
hand washing is performed for 3 episodes per hour,
nurses may have to spend about one fifth of their time
washing hands during an 8-hour shift.

The emerging alternative is alcohol-based hand rub-
bing solutions and gels. The use of alcohol-based hand
rubs is being recommended in most other circumstances
in which hand hygiene is required. Alcohol has bacteri-
cidal properties that most hand washing soaps do not
have. A much shorter time is needed to achieve a signif-
icant reduction in bacterial colony counts when using
alcohol based hand rubs. These products also have some
important virucidal activity. Also, alcohol-based hand
rubs can be used while traveling between the points of
contact with the patient to other areas of work, or even
while traveling to the next patient.

The use of powder-free gloves reduces the need for
hand washing; however, it does not obviate the need for
hand hygiene. Alcohol-based hand rubs should be used
after removing gloves. Needless to say, a new pair of
gloves should be used for each patient contact. Trampuz
et al suggest that alcohol-based hand rubs are also easi-
er on hands than repeated washing with soap and water.
Alcohol rubs should be stored away from high tempera-
tures. At present, it is thought that the emergence of
microbial resistance is less likely against alcohol-based
formulations. It is important to remember that alcohol
based hand rubs are to be used only when direct con-
tamination of hands with body fluids has not occurred.
The risk of wearing rings and artificial fingernails,
which may act as harbingers of bacterial contamination,
is highlighted in the article. Based on the available sci-
entific evidence, Trampuz et al suggest that alcohol-
based hand rubs should be used liberally and regularly
to reduce nosocomial infections.

2 COMMENT BY UDAY B. NANAVATY, MD
Good hand hygiene by health care personnel is vital

to reduce nosocomial infection rates. Maintaining good
hand hygiene is a moral duty as well. Unfortunately,
routine compliance rates with good hand hygiene are
ridiculously low. Most studies suggest that hand
hygiene compliance rates in hospital settings are
between 20 to 40%. Hospital and system wide projects
including education and surveillance by camera and
other electronic devices improve compliance rates.
Unfortunately, even with these expensive interventions,
compliance rates approach only about 70% at best.
Imagine if restaurant workers had hand hygiene rates of
40% or less! The country would be reeling with gastro-
Intestinal morbidity and the food industry would be out
of business. Before the bugs on our hands get us out of
our business, it is important that we get rid of them, as
best and as frequently as possible. B

Hospital Mortality and
ICU'ACQUired Infection

By Jun Takezawa, MD

Risk Factors for the ICU-Acquired Infection
EVERAL FACTORS ARE CONSIDERED TO BE ASSOCIATED
with the development of nosocomial infections in

the ICU (see Table 1). Among them, indwelling devices

that directly contact the blood and mucosal membrane
such as the central venous catheter, urinary tract
catheter and endotracheal tube are considered to be the
most responsible risk factors in the development of
nosocomial infections. These devices are placed into the
patient and manipulated by the medical practitioner, and
referred to as external risk factors. These device-related
external risk factors are associated with the length of

Risk Factors .or the Devlpmet o }
ICU-Acquired Infection

Risk
Internal risk Age, Gender, Original disease, Severity of illness,
Comorbidity
External risk » Device: Central venous catheter, Ventilator,
Urinary tract catheter

» Drugs: Antibjotics, immunosuppressives

+ Intervention/Operation Infection Control: hygienic
procedure, Manual, Surveillance, Education

* Therapeutic and nursing capability Monitoring
Organizational characteristics: Open/Closed,
Staffing
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time the device remains in the patient. However, they
are also associated with the frequency of manipulations

of the device, such as bolus injection and exchanges of -

the infusion bottles and lines, especially for indwelling
central venous catheters. In addition to the length and/or
frequency of exposure to the risk device, the hygienic
management, behavior pattern of antibiotic administra-
tion, level of infection control, and patient management
(therapeutic, nursing, monitoring, staffing, and organi-
zational) also play a role, along with the external risk
factors, in the development of nosocomial infections.
On the other hand, the risk factor inherent to the patient
is referred as an internal risk factor. Such internal risk
factors include age, gender, severity of illness, immuno-
logical competence, comorbidity, and so on.

In order to accomplish an inter-institutional compari-
son on infection rate, both internal and external risk fac-
tors should be adjusted. Among the risk factors indicat-
ed above, the internal risk may be adjusted by using
measures of illness severity such as the APACHE score,

which is calculated as the length of days the devices are
in use divided by the number of patient days. Use of
this ratio is based on the assumption that the severely ill
patient requires long-term use of the devices for effi-
cient and safer management. However, the device uti-
lization ratio, as well as APACHE and SAPS scoring
systems, which are frequently used for stratifying sever-
ity of illness in terms of mortality, are not proved to be
related to the acquisition of nosocomial infections in the
ICU, in part because the most severely ill patients die
quickly. Therefore, patients who die within 24 hours
after admission to the ICU are excluded for inter-hospi-
tal comparison of the performance of ICUs.

In the NNIS system, risk-adjusted infection rate is
compared within the individual types of ICUs, such as
neuro-ICU, coronary-CU, and surgical-ICU, which
implies that the original disease is taken into account
as an internal risk factor. However, because all the
internal risk factors are not included in the NNIS sys-
tem, the exact effect of ICU-acquired infections on

but the external risk can only be adjusted by

device utilization days. Therefore, the differ- L R
ence in infection rates adjusted by the above The Effect of ICU-Acquired Infections on
. . ) Hospital Mortality
two risk factors is attributable to the other
remaining external risk facForS’ most of which #ofpts  drug-susceptible drug-resistant  P-value
are related to both the patient and ICU man- | Ventilator
agement associated
’ pneumonia
) Alive 5756 230 84 —
Purpose of Surveillance
, . Dead 1101 140 63 —
The purpose of the surveillance is 1) to
. . .y : % of dead 16.1 37.8 42.9 <0.001
identify the outbreak of nosocomial infections Urinary tract
(although outbreaks are usually readily noticed | infection
by ICU practitioners); 2) to provide data on | Alive 6042 25 3 -
infection control to be pursued by ICU practj- | Dead 1289 15 0 -
tioners in quality improvement; 3) to obtain | %.of dead 176 37.5 <0.01
he incid d 1 £ ial Catheter-related
the incidence an prevalence of nosocomial | pioadstream
infections from the viewpoint of public health; | infections
and 4) to provide for inter-institutional com- | Alive 6049 18 3 —
parisons with respect to preventive programs | Dead 1277 18 3 —
and practice in managing nosocomial infec- | %.of dead 174 50.0 50.0 <0.001
tions by the respective institutions. Sepsis
When surveillance is conducted for the pur- | Alive 6038 24 8 —
pose of inter-institutional comparison of the | Dead 1230 52 22 —
nosocomial infection rate, all risk factors for | %.of dead 16.9 68.4 733 <0.001
ICU-acquired infections should be adjusted. isnuf;%ltcif;:fm '
The .Natlonal Nosocomlal. Ipfectlon Alive 6009 " 17 _
Surveillance (NNIS) sysFem, which is run by | .. 1263 28 3 -
the US Centers for Disease Control and % of dead 17.4 18.9 53 <0.001
Prch?ntlon.(CD C? » app ?renﬂy uses c?nly e.XteI:' The total numbers of the patients are different among the ICU-acquired infections
nal. rlsk—adjusteq infection ratesl for u?ter-mst‘l- because of a lack of available data.
tutional comparison. The seveqty Of. lllness- n Adapted from: Suka M, et al. Environ Health Prev Med. (in press).
NNIS employs the device utilization ratio, ‘

CRITICAL CARE ALERT

—274—

21



hospital mortality is unknown.

ICU-Acquired Infection and Hospital Mortality

Although the incidence of ICU-acquired infection is
recognized as an important determinant of outcome for
ICU patients, the precise relationship between ICU-
acquired infection and hospital mortality has yet to be
defined. A 1-day point-prevalence study for 1417 ICUs
from 17 western European countries, called the EPIC
study, showed that a prevalence rate of infection in
ICUs was 44.8%, and almost half of the infections were
acquired in the ICU (20.6%).' The EPIC study showed
that the impact of ICU-acquired infection on ICU mor-
tality might vary according to the types of infection; the
highest odds ratio was found in sepsis (3.50), followed
by pneumonia (1.91) and blood stream infection (1.73).
Moreover, several studies showed that inadequate treat-
ment of infections might be an important determinant of
hospital mortality.>?

There have been few cohort studies in which the
patients discharged from the ICU were followed up
until hospital discharge. One cohort study involving 28

Table3 .

Factors Associated with Hospital Mortality®
HR 95% CI
(lower-upper)
Sex (vs Man) 1.06 (0.95-1.19)
Age (years)*
45-54 ' 1.19 (0.94-1.49)
55-64 1.06 (0.85-1.31)
65-74 L1 (0.91-1.35)
75- 1.33 (1.09-1.62)
APACHE II score**
11-15 - 168 (1.37-2.06)
16-20 2.66 (2.18-3.25)
21-25 4.28 (3.48-5.27)
26-30 5.92 (4.76-7.37)
31- 7.88 (6.23-9.97)
Operation
Elective 0.29 (0.24-0.34)
Urgent 0.68 (0.59-0.77)
Ventilator 1.78- (1.49-2.12)
Urinary catheter 0.70 (0.54-0.90)
CV catheter 1.23 (1.04-1.47)
ICU—acquiréd infection
Drug-susceptible 1.11 (0.94-1.31)
Drug-resistant 1.42 (1.15-1.77)
HR = hazard ratio, CI = confidence interval,
* = compared to 16-44 years, ** = compared to 0-10.

ICUs from 8 countries showed that the hospital mortali-
ty rate in patients with ICU-acquired infection was
32.1%, compared with 12.1% in patients without ICU-
acquired infections.* These rates were crude and not
adjusted for potential confounders (eg, age, underlying
disease, and severity of illness).>® Moreover, the impact
of ICU-acquired infection on hospital mortality might
be affected by drug-resistant pathogens.’

JANIS Database Analysis

The Japanese Nosocomial Infection Surveillance
(JANIS) system, started in 2000 by the Ministry of
Health, Labor, and Welfare, collected data on 7374
patients admitted to the 34 participating ICUs
between July 2000 and May 2002. The data used for
their analysis is from patients discharged from ICU
who were aged 16 years or older, whose ICU stay
was from 48 to 1000 hours, who had not transferred
to another ICU, and who had no infection diagnosed
within 2 days after ICU admission. These patients
were followed up until hospital discharge or the
180th day after ICU discharge. Adjusted hazard
ratios (HRs) with their 95% confidence intervals
(ClIs) for hospital mortality were calculated using a
Cox’s proportional hazard model .

Table 2 shows the effect of ICU-acquired infec-
tions on hospital mortality in the JANIS data.
Overall, 678 patients (9.2%) had at least one ICU-
acquired infection. Drug-resistant pathogens were
detected in 201 patients. The most common ICU-
acquired infections were ventilator-associated pneu-
monia (VAP, 517 cases, 64%), followed by sepsis
(106 cases, 13%), surgical site infections (102 cases,
13%), urinary catheter-related infections (43 cases,
5%), and catheter-related blood stream infections (42
cases, 5%). All types of ICU-acquired infections
were significantly associated with hospital mortality.
Compared to patients who had no infection, those
infected by drug-susceptible and drug-resistant
pathogens had significantly higher rates of hospital
mortality (shown as P value). The mortality rate with
drug-resistant pathogens was higher than that with
drug-susceptible pathogens, except for urinary tract
infection in which few cases of drug-resistant
pathogens were observed (not shown here).

Table 3 shows hazard ratios and their corresponding
95% confidence intervals for hospital mortality. After
adjusting for sex, age, and APACHE II score, signifi-
cantly higher HR for hospital mortality was found in res-
pirator, central venous catheter, and ICU-acquired infec-
tion caused by drug-resistant pathogens, with signifi-
cantly lowetr HR for elective and urgent operation and
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APACHE Score & Infection Rate & LOS

Performance Measurement
of ICUS

Performance of the ICU is
usually measured in terms of
outcome and process. The inci-

315
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3. 05

8-12
Length of ICU Stay

13-17

Adapted from: Suka M, et al. Environ Health Prev Med. (In Press).

dence of ICU-acquired infection
is classified as the process evalu-
ation, while hospital mortality is
classified as outcome evaluation.
However, the sensitivity of the

outcome measurement by hospi-
FIEN tal mortality is low, because the
%DZ 1~ _} relatively small numbers of the
T patients die during the hospital
admission. Additionally, so
many confounders are associated
with the hospital mortality of
ICU patients, which include
original disease, severity of ill-
ness, development of complica-
tions (medical errors and noso-
comial infections), patient man-
agement (therapeutic, nursing

e e oy

& o-10 i
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urinary catheter. The impact of ICU-acquired infection
on hospital mortality was different between drug-sensi-
tive pathogens (HR, 1.11; 95% CI, 0.94-1.31) and drug-
resistant pathogens (HR, 1.42; 95% CI, 1.15-1.77).

Severity of Illness and ICU-Acquired Infection

It is still unknown whether severity of illness is
related to the development of ICU-acquired infec-
tions. When the incidence of ICU-acquired infec-
tions is evaluated in terms of severity of illness
along with the ICU stay, the incidence of ICU-
acquired infections along the ICU days is different
among the severity of illness (see Figure).® In the
most severely ill patients, the incidence of ICU-
acquired infections is highest in the early phase of
ICU admission, while in the least severely ill
patients, the incidence of ICU-acquired infections is
low in the early phase, but is increased along the
ICU stay up to 20 days. In moderately ill patients,
the incidence ICU-acquired infections do not change
markedly along the ICU stay. Therefore, severity
affects the incidence ICU-acquired infections; how-
ever, this effect on ICU-acquired infections is
inversed depending on the severity of illness. In this
sense, the general concept that the more severely ill
the patients are, the more they develop nosocomial
infections is not verified.

and monitoring capabilities),
demographical characteristics (age and gender of the
patients), and organizational characteristics (open or
closed ICU, staffing). Because the magnitude of contri-
bution of those confounders on mortality is not priori-
tized, it is extremely difficult to evaluate ICU perform-
ance on an individual confounder (risk factor) basis. It
is of most importance to develop a new statistical
model to measure both overall and individual con-
founder-based performance of the ICU. The ICU-
acquired infection is one of the most important con-
founders (risk factors) for the measurement of ICU per-
formance. It is concluded that performance of the ICU
is improved by improving the individual risk factors;
however, it is extremely difficult to achieve it by just
monitoring the overall risk-adjusted hospital mortality
of the patients discharged from the ICU, &
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8. Patients admitted to the ICU at night or on a weekend are

more likely to die during that hospitalization because:

a. board-certified intensivists are less likely to be immediately
available then;

b. staffing of ICU nurses and respiratory therapists is less;

c. important diagnostic tests and consultations are less immediate-
ly available;

d. all of the above

e. their severity of illness is greater

9. Which of the following statements is true about hospital mor-
tality in relation to when patients are admitted to the ICU?
a. Mortality is higher in patients admitted at night.
b. Mortality is higher in patients admitted on weekends.
¢. Both of the above
d. None of the above

10. Based on a decision analysis model, the best strategy for man-
aging late onset VAP in patients who had been mechanically
ventilated for 7 days was:

a. mini-BAL and 2 antibiotic coverage.

bronchoscopy and three antibiotic coverage.

mini-BAL and three antibiotic coverage.

3 antibiotics, no diagnostic testing.

antibiotics after results of diagnostic tests are available.

L=t

11. As compared to culturing endotracheal aspirates or broncho-
scopically obtained bronchoalveolar lavage (BAL) fluid, the
non-bronchoscopic mini-BAL technique for diagnosing VAP:
a. decreased both costs and antibiotic use.

decreased costs but increased antibiotic use.

increased both costs and antibiotic use.

increased costs but decreased antibiotic use.

had no effect on either cost or antibiotic use.

-

12. With the goal of reducing nosocomial infection rate in mind,
good hand washing is required. All the following are true about
hand washing except?

a. Good hand washing can be accomplished in 20 seconds with
use of bactericidal soaps.

b. Good hand washing should be followed by drying of hands with
disposable towels.

¢. Good hand washing works mostly by the mechanical removal
of organisms.

d. Good hand washing would require at least one minute of hand
washing.

e. All of the above

13. All the following are advantages of alcohol-based hand rubs

except which statement?

a. They completely eliminate the need for hand washing,

b. They reduce the time required for hand hygiene in certain situa-
tions.

¢. Alcohol-based hand rubs may be more gentle to the skin than
soaps.

d. Alcohol based hand rubs have bactericidal and virucidal
properties.

" 14. Which of the following are internal (as opposed to external)

risk factors for ICU-acquired infection?
a. Monitoring

Antibiotics administered

Severity of illness

All of the above

None of the above

o e o
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After reading each issue of Critical Care Alert, read-
ers will be able to do the following:

o Identify the particular clinical, legal, or scientific
issues related to critical care.

o Describe how those issues affect nurses, health
care workers, hospitals, or the health care industry in
general.

e Cite solutions to the problems associated with those
issues. '
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