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ABSTRACT:

Background: Compliance with handwashing in busy healthcare facilities, such as intensive care units (ICUs), is suboptimal and alcohol hand-rub preparations have been 
suggested to improve compliance. There is no evidence on the comparative effectiveness between handwash and hand-rub strategies. This systematic review was to assess 
the effectiveness of handwash versus hand-rub strategies for preventing nosocomial infection in ICUs. 

Methods Studies conducted in ICUs and indexed in PubMed comparing the clinical effectiveness and adverse events between handwash and hand-rub groups were 
included in a systematic review. The primary outcome was nosocomial infection rates. Secondary outcomes included microbial counts on healthcare providers’ hands, 
mortality rates, patient/hospital cost of treatment of healthcare-associated infections (HCAIs), length of ICU/hospital stays, and adverse events. Studies were independently 
screened and data extracted by at least two authors. Meta-analyses of risk ratios (RR), incidence rate ratios (IRR), odds ratios (OR) and mean differences (MD), were 
conducted using the RevMan 5.3 software. 

Results: Seven studies published between 1992-2009 and involving a total of 11,663 patients were included. Five studies (10,981 patients) contributed data to the ICU-
acquired nosocomial infection rates. The pooled IRR was 0.71 (95% CI 0.61, 0.82; I2 = 94%). On sensitivity analysis, pooled IRR was 0.39 (95% CI 0.32, 0.48; 4 studies; 
8,247 patients; I2 = 0%) in favour of hand rub. The pooled OR for mortality was 0.95 (95% CI 0.78, 1.61; 4 studies; 3,475 patients; I2 = 39%). The pooled MD for length 
of hospital stay was -0.74 (95% CI -2.83, 1.34; 3 studies; 741 patients; I2 = 0%). The pooled OR for an undesirable skin effect was 0.37 (95% CI 0.23, 0.60; 3 studies; 
1504 patients; I2 = 0%) in favour of hand rub. Overall quality of evidence was low.

Conclusion: Hand rub appeared more effective when compared to handwash in ICUs.
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INTRODUCTION
Nosocomial infections, or HCAIs are infections occurring 
in patients during the process of care in hospital or other 
healthcare facilities, which were not present or incubating at 
the time of admission[1]. HCAIs affect the quality of care and 
are the most frequent adverse consequence of healthcare 
worldwide[1]. Healthcare providers may also be affected by 
HCAIs, or may serve as vector/source of infection for HCAIs 
when they come into close contact with patients[1, 2].

About seven in 100 hospitalised patients in developed 
countries and 15 in 100 hospitalised patients in developing 
countries will acquire at least one HCAI[3, 4]. Patients admitted 
to intensive care units (ICU) and neonates are particularly at risk 

of acquiring HCAIs with over 30% of all patients admitted into 
ICU being affected by at least one HCAI in resource-constrained 
settings[3, 4]. The risk of infection in ICU is increased with 
length of stay and use of invasive devices such as central 
venous lines, urinary catheters and ventilators[4]. While urinary 
tract infection is the leading cause of HCAIs in high income 
countries, surgical wound infection is the most frequent HCAI 
in resource-poor settings[3, 4]. Data from the extensive work 
of the International Nosocomial Infection Control Consortium 
showed that device-associated nosocomial infection rates in 
ICUs were high in the Latin American countries[5-10]. For 
example, the overall device-associated rate was 29% in Brazil, 
27% in Argentina and 24% in Mexico[8-10]. Rates in Poland 
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and Turkey were 24%[11] and 34%[12] respectively, while rates 
in Asia and Middle East countries were generally lower than 
10%[13-16], but higher than reported in the United States[17]. 
The mortality attributable to device-associated nosocomial 
infection ranged from 25% to 47% in Latin America[5, 6, 9], 4% 
to 43% in Asia and the Middle East[13-15], and were as high 
as 75% in Morocco[18]. HCAIs are the most frequent adverse 
consequence of unsafe patient care affecting both high income 
and resource-constrained settings. 

HCAIs exert considerable strain on healthcare resources 
especially the health workforce. They increase economic costs 
in treatments and unnecessary prolongation of patient hospital 
stays[6, 9, 12-15, 18-20]. Billions of dollars are expended 
annually in the treatment of HCAIs and attendant disabilities 
worldwide[20]. Prolonged patient hospital stay due to HCAIs 
in Europe alone is estimated at 16 million extra days per 
year[20]. A cost analysis of patients admitted into the ICU of 
a hospital in Brazil showed a ten-fold increase in the median 
cost of hospitalization per patient and a five-fold increase in the 
length of hospital stay among patients who acquired an HCAI 
compared to patients who did not[21]. Similar analysis of extra 
mean cost per patient incurred in treating central-line associated 
bloodstream infections in hospital ICU reported 5,000, and 
11,500 US dollars in Argentina, and Mexico respectively[22, 23].

Hand hygiene has been considered to be the most effective 
tool in HCAIs control ever since Ignaz Philipp Semmelweis 
observed its immense effect on the reduction of incidence of 
childbed fever[24]. Vigorous handwashing for 40-60 seconds, 
or the use of alcohol hand rub before and after every patient 
contact is recommended to prevent transmission of pathogenic 
organisms from one patient to the other[1]. Compliance is, 
however, often suboptimal in most resource-constrained settings 
because of limited infrastructure, a substantial workload and skin 
reactions to handwashing products[1]. Hand rub with alcohol 
is fast and may therefore improve compliance to hand hygiene 
recommendations in these settings[1], although, handwashing is 
indicated exclusively in certain instances, such as when the hands 
are visibly soiled. Although, hand rub has been recommended 
to improve compliance with hand hygiene recommendations[1], 
there is no synthesised evidence in clinical practice to 
demonstrate that hand-rub practices are as effective as handwash 
practices in preventing HCAIs. Thus, the aim of this systematic 
review is to compare the clinical effectiveness of handwash with 
hand-rub practices in preventing HCAIs in hospital ICUs. 

METHODS
The study is a systematic review registered in PROSPERO with 
ID CRD42019119112 and was prepared according to the 
recommendations of the PRISMA statement[25]. 

Study eligibility
We included all study types, which compared handwash (with 
detergent or antiseptic) with hand-rub (with alcohol) strategies, 
provided they were conducted in an ICU in the review. Study 
groups with hand-rub strategies which permitted intermittent use 
of handwash for visibly soiled hands were also included because 

we recognised that such practices do occur in the real world. 
However, the number of handwash in the hand-rub group must 
be infrequent and insignificant when compared to the wholly 
handwash group. Studies could enrol patients of any age group 
admitted into an ICU, could be any type, including medical, 
surgical, neonatal or other. Studies that assessed outcomes 
among healthcare providers involved in ICU patients’ care were 
also included. The primary outcome for the systematic review 
was HCAI rates. Secondary outcomes included microbial counts 
on healthcare providers’ hands, mortality rates, patient/hospital 
cost of treatment of HCAIs, length of ICU/hospital stay, and 
adverse events of the hand hygiene agents used. 

Search strategy and screening
A search was conducted in PubMed. A sensitive search strategy 
was implemented using the core search strings, which included 
elements of (handwash* OR hand rub*) AND (hand hygiene 
agents) AND (outcomes) (Appendix). Screening of abstracts 
and titles was done in two stages. Two authors independently 
screened the abstracts and titles to select potentially relevant 
papers. A third author harmonised and confirmed eligibility of 
outputs from the first stage of screening and discussed doubts 
with a fourth author. Full texts of potentially eligible studies were 
retrieved and further assessed for eligibility. 

Data extraction
A piloted data extraction form was used to extract data 
from included studies. Data was extracted by one author 
and checked by a second author. Data extracted included 
background study characteristics such as study reference, 
country where study was conducted, and study duration. 
Further detailed data extracted included a description of study 
design, sample size, country where study was conducted, 
study duration, study population, type of ICU, interventions 
conducted in study group(s), risk of bias (items from the 
Cochrane risk-of-bias tool such as method of randomisation), 
allocation concealment and type of blinding. Data was also 
extracted on whether study groups were comparable in terms of 
loss to follow-up and whether all participants were included in 
the analysis. Study outcomes corresponding to the pre-specified 
per-protocol outcomes were extracted for each study group. For 
dichotomous outcomes, number of events and the total for each 
study group were extracted. For measurement scale outcomes, 
the mean and standard deviation (SD) were extracted and if 
they were not provided, then the median and interquartile 
range (IQR) were used. Rates in person-time of follow-up were 
extracted and when not available, the total person-time of 
follow up and the number of events were extracted. 

Data synthesis 
Data was analysed using the RevMan 5.2 software. 
Dichotomous outcomes, for example, mortality was 
presented as risk ratio (RR) with the hand-rub set as the 
experimental group and the handwash set as the control 
group. One study presented the mortality per 1,000 patient-
days, but did not report the number of deaths, or the 
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person-time of follow-up, hence this data was excluded. The 
number of deaths for each study group from the death rate 
and the total person-time of follow-up given per group were 
calculated. Measurement scale outcomes were presented as 
mean difference (MD). In one study where only median and 
IQR were reported, the mean and SD for each group were 
estimated. The person-time outcome of the rate of HCAI was 
presented as incidence rate ratio (IRR). The standard error for 
the natural log of IRR was calculated using the formula sqrt(1/
e1 + 1/e2) where sqrt is square root and e1 is the number of 
event in Group 1 and e2 is the number of event in Group 
2[26]. For all pooled analysis, we noted the direction of 
outcomes because the RevMan software by default recognises 
a higher number of events or a higher measurement as 
unfavourable. However, all outcomes were aligned with the 
default setting of the software. 

For dichotomous outcomes, ORs were pooled. For 
measurement scale outcomes, MDs were pooled and for person-

FIGURE 1: PRISMA flow chart of the screening process  
of the handwash vs. hand-rub strategy

Records from  
PubMed = 706

Full text of potentially 
eligible records = 11

Studies included = 7

Studies included in 
quantitative synthesis 

= 5

Studies excluded with reasons
• Hospital wards, not ICU = 2
• Hypothetical model = 1
• Hand-rub group with significant 

handwashing = 1

TABLE 1: Characteristics of reviewed studies

Study ID Design
Sample 

size Country Type of ICU
Study 

population*
Handwash 

system Hand-rub system Trial duration

Capretti 
2008[31]

Before-after 
trial design

175 Italy Neonatal ICU Patients only
Plain fluid 

detergent 0.5% 
triclosan

Antiseptic detergent 
preparation 4% 

chlorhexidine gluconate 
and alcohol-based 

hand rub containing 
62% denatured ethyl 

alcohol**

16 months 
before;

16 months after

Doebbeling 
1992[32]

Cluster-
crossover 

design 
1,894 USA

Adult critical care; 
Surgical ICU; 
Medical ICU; 

cardiovascular ICU; 

Patients and 
healthcare 
providers

4% solution of 
chlorhexidine 

gluconate

60% isopropyl alcohol 
hand-rising agent**

Eight months; 
mean hospital 
stay 3.4 days

Girou 
2002[33]

RCT parallel 
group design

23 France
Surgical and 
medical ICU

Healthcare 
providers only

Medicated 
soap; 4% 

chlorhexidine 
gluconate

45% 2-propanol, 30% 
1-propanol, 0.2% 

mecetronium ethyl 
sulphate

Daily session 
until target 

activities were 
met

Ng 2004[36]

Observational 
design with 
historical 
control

337
Hong 
Kong

Neonatal ICU Patients only
chlorhexidine 
gluconate 4%

1% chlorhexidine in 
isopropyl alcohol and 

ethyl alcohol plus 
disposable but non-

sterile gloves for routine 
non-invasive procedures

Three years 
before; 

three years after

Larson 
2001[34]

RCT parallel 
group design

50 USA
Surgical ICU;
Medical ICU

Healthcare 
providers only

2% 
chlorhexidine 

gluconate 
containing 
traditional 

antiseptic wash

Waterless hand rub 
containing 61% ethanol 

with emollients**
Four weeks

Souweine 
2009[37]

Before-after 
trial design

350 France
Multicentre adult 

ICUs

Patients and 
healthcare 
providers

Either 4% 
chlorhexidine 

gluconate or 4% 
povidone iodine

45% isopropanol 
(2-propanol, 30% 

1-propanol, and 0.2% 
mecetronium ethyl 

sulfate**

Four months 
before; 

Two months 
washout;

Four months 
after

Lucet 
2005[35]

Before-after 
trial design

7,994 France
Infectious diseases 
ICU; Medical ICU;

Surgical ICU
Patients only Antiseptic soap

Alcohol-based hand 
rub**

Five years 
before;

16 months after

*Study population varied depending on outcomes assessed. For example, HCAI in patients and skin reaction in healthcare providers 
**Additional provision for soap washing of visibly soiled hands

Canadian Journal of Infection Control   |   Summer 2020   |   Volume 35   |   Issue 2   |  82-90

84 Return to TABLE OF CONTENTS



time outcome, IRR was pooled. A fixed-effect model was adopted 
to pool outcomes from studies. Where there was a moderate 
to considerable statistical heterogeneity, this was investigated 
further by conducting a sensitivity analysis. Forest plots were used 
to summarise analyses. For outcomes that could not be pooled 
due to differences in assessment modalities between studies, a 
narrative synthesis was adopted to present the results. 

RESULTS
The PubMed search conducted on March 21, 2018 
(Appendix A), identified 706 abstracts from which 11 potentially 
eligible full texts were retrieved (Figure 1). Four full-text articles 
were excluded because two[27, 28] were conducted in regular 
hospital wards and not ICUs, one[29] had handwashing 
conducted in both groups in a similar way, while one study [30] 
was a hypothetical model that did not involve real-world data 
(Appendix B). 

The sample sizes for the included studies[31-37] ranged 
between 23-7,994, published between 1992-2009 and 
involved a total of 11,663 participants. Three studies were 
conducted in France, two in the USA, one each in Italy and 
Hong Kong (Table 1). Study designs varied. Six were trials with 
different designs, while one was a retrospective observational 
design with historical control (Table 1). Two studies were 
carried out in neonatal ICUs, and five involved two or more 
types of ICUs, including surgical, medical, cardiovascular, and 
infectious diseases ICUs. Three studies enrolled patients only, 
two studies enrolled patients and healthcare providers, while 
two enrolled healthcare providers only. Chlorhexidine solution 
was used for handwashing in five studies, one study used 
triclosan, while one only mentioned “antiseptic soap” without 
stating the content. For the hand-rub groups, all were alcohol-
based. Three studies contained alcohol only, two contained 
chlorhexidine in addition to alcohol, while two contained 

FIGURE 2: Meta-analysis of incidence rate ratio for healthcare-associated infections 

FIGURE 3: Sensitivity analysis, pooled incidence rate ratio for healthcare-associated infections of handwash vs. hand-rub strategy

Study or 
Subgroup

log  
(Risk Ratio) SE

Hand-rub 
Total

Handwash 
Total Weight

Risk Ratio IV, 
Fixed, 95% Cl

Capretti 
2008

-1.2286 0.5026 80 85 2.2%
0.29  

[0.11, 0.78]

Ng 2004 -1.0342 0.1494322 176 161 25.0%
0.36  

[0.27, 0.48]

Souweine 
2009

-1.0054 0.866 143 96 0.7%
0.37  

[0.07, 2.00]

Lucet 2005 -0.81103 0.154019 1678 5828 23.6%
0.44  

[0.33, 0.60]

Doebbeling 
1992

0.2883 0.10737 1382 1352 48.5%
1.33  

[1.08, 1.65]

Total  
(95% Cl)

3459 7522 100.0%
0.71  

[0.61, 0.82]

Study or 
Subgroup

log  
(Risk Ratio) SE

Hand-rub 
Total

Handwash 
Total Weight

Risk Ratio IV, 
Fixed, 95% Cl

Capretti 
2008

-1.2286 0.5026 80 85 4.3%
0.29  

[0.11, 0.78]

Ng 2004 -1.0342 0.1494322 176 161 48.6%
0.36  

[0.27, 0.48]

Souweine 
2009

-1.0054 0.866 143 96 1.4%
0.37  

[0.07, 2.00]

Lucet 2005 -0.81103 0.154019 1678 5828 45.7%
0.44  

[0.33, 0.60]

Doebbeling 
1992

0.2883 0.10737 1382 1352 0.0%
1.33  

[1.08, 1.65]

Total  
(95% Cl)

2077 6170 100.0%
0.71  

[0.61, 0.82]

Heterogeneity: Chi2=68.89, df=4 (P< 0.00002); I2=94%
Test for overall effect: Z=4.61 (P<0.00001)

Heterogeneity: Chi2=1.43, df=3 (P=0.70)); I2=0%
Test for overall effect: Z=9.03 (P<0.00001)

Risk Ratio
IV, Fixed, 95% Cl

Favours Hand-rub Favours Handwash
0.01 0.1 1 10 100

Risk Ratio
IV, Fixed, 95% Cl

Favours Hand-rub Favours Handwash
0.01 0.1 1 10 100
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mecetronium ethyl sulphate. In five of the studies, there were 
additional provision for occasional handwashing when hands 
were visibly soiled. The study durations ranged from a period 
of four weeks to five years.

PRIMARY OUTCOME
ICU-acquired HCAI rates
Five studies (10,981 patients) contributed data to the 
ICU-acquired HCAI rates. The pooled IRR was 0.71 (95% 
confidence interval, CI: 0.61 to 0.82), I2 = 94% (Figure 2). 
Thus, on average, there was a 29% reduction in the rate of 
HCAI with the hand-rub strategy. However, the heterogeneity 
was considerable. Further investigation showed the 
heterogeneity was due to the qualitatively different study by 
Doebbeling et al [32] whose effect size was in favour of the 
handwash strategy. The study was less recent than the other 
four, and compliance with hand hygiene practices was found 
to be significantly higher in the handwash group compared 

to the hand-rub group. In a sensitivity analysis excluding this 
study, the pooled IRR for the remaining studies (four studies, 
8,247 patients) was 0.39 (95% CI 0.32, 0.48), I2 = 0% 
(Figure 3). 

SECONDARY OUTCOMES
Mortality
Four studies (3,475 patients) contributed data to the mortality 
outcome. The pooled OR was 0.95 (95% CI 0.78, 1.61) I2 
= 39% (Figure 4). Hence there was no significant difference 
in mortality between the two strategies and results had 
moderate heterogeneity. For consistency, the mortality 
outcome after excluding the Doebbeling et al study was also 
explored. The analysis (three studies, 741 patients) showed a 
pooled OR for mortality of 0.54 (95% CI 0.31, 0.93) I2 = 0% 
(Figure 5) hence a 46% reduction in the odds of dying from 
the use of the hand rub. The sensitivity analysis removed all 
the statistical heterogeneity. 

FIGURE 4: Meta-analysis of risk ratio for mortality of handwash vs. hand-rub strategy

Study or 
Subgroup

Hand-rub Handwash

Weight
Risk Ratio M-H, 
Fixed, 95% ClEvents Total Events Total

Ng 2004 2 176 4 161 1.8%
0.46  

[0.08, 2.64]

Souweine 
2009

27 143 29 96 14.7%
0.63  

[0.40, 0.99]

Lucet 2005 2 80 3 85 1.2%
0.71  

[0.12, 4.13]

Doebbeling 
1992

203 1382 192 1352 82.3%
1.03  

[0.86, 1.24]

Total  
(95% Cl)

1781 1684 100.0%
0.96  

[0.81, 1.13]

Total events 234 228
Heterogeneity: Chi2=68.89, df=4 (P< 0.00002); I2=94%
Test for overall effect: Z=4.61 (P<0.00001)

Risk Ratio
M-H Fixed, 95% Cl

Favours Hand-rub Favours Handwaswh
0.01 0.1 1 10 100

FIGURE 5: Sensitivity analysis, pooled risk ratio for mortality of handwash vs. hand-rub strategy

Heterogeneity: Chi2=0.15, df=2 (P=0.93); I2=0%
Test for overall effect: Z=2.23 (P=0.03)

Risk Ratio
M-H Fixed, 95% Cl

Favours Hand-rub Favours Handwaswh
0.01 0.1 1 10 100

Study or 
Subgroup

Hand-rub Handwash

Weight
Risk Ratio M-H, 
Fixed, 95% ClEvents Total Events Total

Ng 2004 2 176 4 161 10.0%
0.46  

[0.08, 2.64]

Souweine 
2009

27 143 29 96 83.0%
0.63  

[0.40, 0.99]

Capretti 
2008

2 80 3 85 7.0%
0.71  

[0.12, 4.13]

Doebbeling 
1992

203 1382 192 1352 0.0%
1.03  

[0.86, 1.24]

Total  
(95% Cl)

399 342 100.0%
0.61  

[0.40, 0.94]

Total events 31 36
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Length of ICU stay
Four studies (3,475 patients) reported data on length of ICU stay. 
However, one did not report a measure of the variability for the 
mean. Thus, three studies (741 patients) were analysed for this 
outcome and they found a non-significant pooled MD -0.74 (95% 
CI -2.83, 1.34) days I2 = 0%, in favour of the hand-rub strategy 
(Figure 6). 

Healthcare providers hand microbiology
Three studies[32-34] (650 participants) assessed healthcare 
providers’ hands for microorganism carriage. This variable was 
assessed differently by each study and therefore could not be 
pooled in a meta-analysis. Doebbeling et al [32] reported an 
average of 2.25 and 2.51 micro-organisms carriage per pair of 
hands in the handwash and hand-rub groups respectively. Girou 
et al, [33] assessed percentage reduction in the bacterial count 
and reported a difference between groups of 26% in favour of 
the hand-rub strategy. Larson et al, [34] assessed hand microbial 
counts in colony-forming units (CFU), but found no statistically 
significant difference between the handwash and the hand-rub 
groups when comparing change in CFU versus baseline. 

Adverse events
Three studies (1,504 participants)[32, 34, 37] assessed adverse 
skin reactions in the use of hand agents. Two studies reported 
the total number of undesirable skin effects and these were 
pooled in a meta-analysis. The pooled OR of an undesirable 
skin condition was 0.37 (95% CI 0.23, 0.60) I2 = 0%. Thus, on 
average, the use of the hand-rub strategy reduced the odds of 
an undesirable skin effect by about 63%. 

One study (50 participants) [(34] adopted the visual skin 
scaling (VSS) and the hand skin assessment (HSA). For both 
scales the higher the score, the better is the skin condition. Both 
the VSS and the HSA reported statistically significant difference 
in means in favour of the hand-rub strategy. 

STUDY QUALITY
Only one study was a randomised controlled trial and used 
adequate means of allocation concealment [33] The same study 

adopted a blinded outcome assessment. One study [37] was 
deemed to have a degree of high risk of attrition bias because 
more than 10% of the study population was not accounted for 
in the outcome results. Thus, the overall quality of evidence was 
deemed to be low. 

DISCUSSION
Main findings
The primary study outcome showed that hand-rub strategy 
significantly reduced the risk of HCAI in the ICU by at least 29%. 
The reduction in risk was much higher at about 61% on average 
when the source of heterogeneity was eliminated. The sensitivity 
analysis also showed that hand-rub strategy reduced the odds 
of mortality by about 46% on average with no heterogeneity 
between studies, although the primary analysis showed no 
difference in mortality when there was moderate heterogeneity. 
The evidence, however, did not show a significant effect on length 
of stay in the ICU. One study further showed that the hand-rub 
strategy significantly reduced bacterial count on health workers’ 
hands by about 26% on average, while another study found no 
difference between strategies in a similar hand microbiology 
assessment. The odds of an undesirable skin condition after use of 
the hand-hygiene strategy was also significantly reduced with the 
use of the hand-rub strategy by about 63% on average compared 
to use of the handwash strategy.

Strengths and weaknesses
The search was limited to only journals indexed in PubMed 
thus, there was a possibility of missing studies that had not been 
indexed in PubMed. However, any missing study may likely 
only have impact on the quantitative average, and not on the 
qualitative direction of effect. This is because all outcomes in 
the meta-analyses were consistently in favour of the hand-rub 
strategy in the qualitative direction of effect. This is the first 
study to synthesize the comparative evidence for the clinical 
effectiveness of the hand-rub strategy for preventing HCAIs in 
ICUs even though several guidelines had recommended the 
use of this strategy to improve compliance with hand hygiene 
recommendations[1]. The evidence included a fairly large 
population of patients, which improved the robustness and 

FIGURE 6: Meta-analysis of mean difference in days for length of ICU stay of handwash vs. hand-rub strategy

Heterogeneity: Chi2=0.25, df=2 (P=0.88); I2=0%
Test for overall effect: Z=0.70 (P=0.48)

Mean Difference
IV Fixed, 95% Cl

Favours Hand-rub Favours Handwaswh
-100 -50 0 50 100

Study or 
Subgroup

Hand-rub Handwash

Weight
Risk Ratio IV, 
Fixed, 95% ClMean SD Total Mean SD Total

Capretti 
2008

51 27 80 54 34 85 5.0%
13.00 

[-12.34, 6.34]

Ng 2004 77.7 45.2 176 79 58.5 161 3.5%
-1.30 

[-12.54, 9.94]

Souweine 
2009

7.9 85 143 8.5 8.4 96 91.5%
-0.60  

[-2.78, 1.58]

Total  
(95% Cl)

399 342 100.0%
-0.74 

[-2.83, 1.34]
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precision of the meta-analyses results. One study with significant 
contamination of the hand-rub strategy with handwashing 
was excluded thus, the differential effect sizes may only 
be attributable to the difference in hand-hygiene strategies 
employed. The study has also not taken cognisance of within-
study infection types. This is a common within-study variable to 
both handwash and hand-rub strategies. 

Some variables may become important considerations 
considering the uncertainty around the randomisation of 
study participants in included studies. These may account for 
some of the differences in baseline susceptibilities to infection 
and the response to hand-hygiene practices. Some ICUs may 
not be comparable in terms of the rate of care contacts, for 
example, neonatal ICUs are expected to have higher rate 
of care contacts compared to adult ICUs. Similarly, surgical 
ICU patients may have a higher risk of infection compared 
to medical ICU patients. The frequency of hand hygiene 
may also influence HCAI rates and healthcare providers’ skin 
conditions. Only one included study reported a significantly 
greater compliance with hand-rub strategy, but it is unclear 
whether the greater compliance with hand rub may partly or 
wholly account for differences in effect estimates between 
both strategies. Alcohol hand rubs appear generally friendlier 
to the hands compared to hand washing with soap and water. 
This could therefore, be a driver for compliance rather than a 
consequence of use. 

Mechanisms
The findings from our study may be mediated through 
differences in the level of compliance with the hand-hygiene 
strategies. This was supported by the only study that showed 
a qualitatively different clinical effect on the HCAI rate, in 
favour of handwash strategy, thus causing significant statistical 
heterogeneity. The study assessed the level of compliance 
with hand-hygiene instructions, and found that it was 
significantly higher in the handwash group compared to the 
hand-rub group. However, the other studies included in 
the analysis did not assess compliance as an outcome thus, 
the postulation could not be investigated further. Studies 
suggests that handwashing with detergents or antiseptics 
generally require longer time than hand-rub practices[1, 
30, 37, 38]. Therefore, the general consensus is that hand-
rub may improve compliance in most cases especially in 
overloaded and busy healthcare settings. A Cochrane review 
of interventions to improve hand-hygiene compliance in 
patient care examined whether an increase in hand hygiene 
compliance could reduce rates of HCAIs. The review 
concluded that there was a lack of reliable evidence[39] to 
determine whether there was a clear effect. 

The clinical effectiveness of the hand-rub strategy may also 
be partly explained by differences in the hand-rub agents. While 
all handwash preparations contained only one antiseptic, five 
of the seven included studies contained antiseptic in addition 
to the alcohol. Thus, there may be a synergistic protective effect 
of the antiseptic and the alcohol in hand-rub preparations. The 
number of studies were few, and therefore, did not allow for 

subgroup analysis by the number or type of antiseptic contained 
in the hand-hygiene preparations, or the type of ICUs where 
studies were conducted. 

Implications
Findings from our study suggest that hand-rub strategies may 
be more effective than handwash strategies by acting through 
compliance. Improved compliance may be mediated through 
several factors, one of which could be favourable health 
workers’ hand conditions demonstrated by reduced odds of a 
skin reaction with the use of hand-rub strategies. This suspicion, 
however, requires further study. 

CONCLUSION
Our study demonstrated that hand rub appeared to be more 
effective than handwash as a hand-hygiene strategy, albeit with 
low-to-moderate quality evidence. This strategy supports the use 
of the hand-rub strategy in ICUs for positive clinical outcomes in 
patients and healthcare providers. 
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