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Background

‘First, do no harm’ is one of the most familiar oaths for 
healthcare professionals. To improve patient safety it is 
crucial to report and learn from preventable adverse 
events. Adverse events are unintended and unfavoura-
ble injuries caused by healthcare management, which 
result in the need for additional treatment or permanent 
harm (Gallagher et al, 2006). Although the Institute of 
Medicine has already published an alarming landmark 
report, To Err Is Human, to cause awareness about medi-
cal errors in 1999, a systematic review in 2008 still 
showed that in-hospital adverse events are a serious 
problem, with a prevalence of 9%, of which 7% were 
lethal (de Vries et al, 2008). A substantial proportion 
(44%) of adverse events was regarded as preventable (de 
Vries et al, 2008).

To reduce preventable adverse events, it is essential to 
keep track of them to analyse trends and start improvement 
strategies. Therefore, voluntary reporting systems for 
adverse events and near misses are compulsory for accredi-
tation of the joint commission, and some countries have 
introduced national patient safety surveillance systems.  
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Abstract

Reporting and learning from preventable adverse events is crucial to improve patient safety. Although physicians should 
file and analyse adverse events by law in The Netherlands, it is unknown if these reporting systems are sufficiently used 
in clinical practice. This study is a substudy of the multicenter RICAT trial, a successful quality improvement project to 
reduce inappropriate use of intravenous and urinary catheters in medical wards in seven hospitals, in which we screened 
5696 patients and documented 803 catheter-related complications. We also checked the adverse events reporting 
systems of these patients and found that only 13 (1.6%) of 803 catheter-related complications were registered. Of the 
infectious complications only five (10.9%) of 46 catheter-associated bloodstream infections and urinary tract infections 
were registered. We conclude that the reported complications were a major underestimation of the real complication 
practice in medical wards in The Netherlands.
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Background

Gram-negative bloodstream infection (GNBSI) contributed 
to an estimated 5500 patient deaths in 2015 (Public Health 
England, 2017b). There were 70.7 cases per 100,000 peo-
ple of Escherichia coli bacteraemia in 2018 in England, 
Wales and Northern Ireland, a 28% rise from 2014 (Public 
Health England, 2019). It is estimated that by 2050, GNBSI 
will contribute to 10 million deaths globally and cost £66 
trillion to the global economy in lost productivity (Review 
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Abstract

Background: Gram-negative bloodstream infection (GNBSI) is a threat to public health in terms of mortality and 
antibiotic resistance. The hepatopancreatobiliary (HPB) cohort accounts for 15%–20% of GNBSI, yet few strategies have 
been explored to reduce HPB GNBSI.

Aim: To identify clinical factors contributing to HPB GNBSI and strategies for its prevention.

Methods: We performed a retrospective analysis of 433 cases of HPB GNBSI presenting to four hospitals between April 
2015 and May 2019. We extracted key data from hospital and primary care records including: the underlying source of 
GNBSI; previous documentation of biliary disease; and any previous surgical or non-surgical management.

Findings: Out of 433 cases of HPB GNBSI, 388 had clear evidence of HPB origin. The source of GNBSI was related to 
gallstone disease in 282 of the 388 cases (73%) and to HPB malignancy in 70 cases (18%). Of the gallstone-related cases, 
117 had previously been diagnosed with symptomatic gallstones. Of the 117 with a previous presentation, 93 could have 
been prevented with a laparoscopic cholecystectomy at the first presentation of gallstones, while 18 could have been 
prevented if intraoperative biliary tract imaging had been performed during a prior cholecystectomy. Of the 70 malignant 
cases, five could have been prevented through earlier biliary stenting, use of metal stents instead of plastic stents or 
earlier pancreaticoduodenectomy.

Discussion: The incidence of HPB GNBSI could be reduced by up to 30% by the implementation of alternative 
management strategies in this cohort.
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Structured observation has been found to be the best indicator 
to assess handwashing practices in Indian households (Biran 
et al., 2008).

Outcome variable

The outcome variable considered for the analysis was ‘the 
use of soap/detergent and water for handwashing’. It is 
defined as the presence of soap/detergent along with water 
in the usual place of handwashing among the households, 
where the place of handwashing was observed.

Predictor variables

The predictor variables used in the analysis were chosen 
based on the extensive literature review and available infor-
mation in the NFHS-4. Specifically, the predictor variables 
used were the schooling of the household head (< 5 years 
including the illiterates, 5–9 years, 10–11 years, ⩾ 12 
years), sex of the household head (male, female), religion 
of the household head (Hindu, Muslim, Christian and 
Others), caste/tribe of the household head (scheduled caste 
[SC], scheduled tribe [ST], other backward classes [OBC] 
or non-SC/ST/OBC), household size (< 5 members, ⩾ 5 
members), house type (kuccha, semi-pucca, pucca), loca-
tion of water source (in own dwelling, elsewhere), owner-
ship of the house (not own house, own house), wealth index 
(poorest, poorer, middle, richer, richest), place of residence 
(urban, rural) and region (north, central, east, northeast, 
west, south).

Statistical analysis

In the present study, cross-tabulations between the outcome 
and predictor variables were done using the appropriate 
sample weights. The binary logistic regression was carried 
out to understand the predictors of handwashing practices. 
For this regression analysis, the dependent variable ‘Soap/

detergent and water used for handwashing’ was categorised 
into two, i.e. 1 = yes, 0 = no. The variables ‘house type’ 
and ‘ownership of house’ were dropped from the regression 
analysis to avoid multicollinearity. The Statistical Package 
for Social Sciences (SPSS-25, IBM Corp., Armonk, NY, 
USA) was used for analysis. The choropleth map was pre-
pared at the district level using the ArcMap (version 10.4) 
to assess the regional scenario. The local indicators of spa-
tial association (LISA) cluster map and Moran’s I scatter 
plot were calculated through GeoDa (version 1.14) to 
understand the spatial clustering in the use of soap/deter-
gent and water for handwashing.

Results

Type of handwashing elements observed  
at the usual place of handwashing

Soap/detergent and water were observed in the usual place 
of handwashing in three-fifths (60%) of the households 
(Figure 1). In 16% of the households, only water was 
observed in the usual place of handwashing. Seven out of 
every ten households were observed to have water and any 
cleansing element in their regular handwashing place. Nine 
percent of the households were found to have no water, no 
soap or any other cleansing agent at their usual place for 
handwashing.

Handwashing through soap and water 
by background characteristics of the 
households

Table 1 presents the bivariate analyses to understand the 
individual association between the predictors and outcome 
variable. Of the male-headed households, 61% use soap 
and water for handwashing compared with 55% of the 
female-headed households. Use of soap and water for hand-
washing was found to increase with increasing education of 

Figure 1. Type of cleansing element for handwashing observed at the usual place of handwashing, among households in which the 
place for hand washing was observed, India, 2015–2016.
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In The Netherlands, a physician should inform the patient 
about an adverse event and file the event in the electronic 
patient record (Healthcare Quality, Complaints and 
Disputes Act (WKKGZ), article 10:3). Further, the physi-
cian will register the adverse event in a reporting system, 
and the department should structurally analyse risk factors 
and clinical results of adverse events.

In a survey in three teaching hospitals in the United 
States, only 55% of physicians and residents knew how to 
report adverse events, and only 40% knew what kind of 
adverse events had to be reported (Kaldjian et al, 2008). 
Although physicians should file and analyse adverse 
events in The Netherlands, it is unknown if these report-
ing systems are sufficiently used in clinical practice. As 
healthcare-associated infections, such as catheter-associ-
ated bloodstream infections and urinary tract infections, 
are one of the most common types of adverse events 
(Schwendimann et al, 2018), we evaluated the registration 
of catheter-related infections in adverse event reporting 
systems and compared the results with our own measure-
ment in medical records. We hypothesised that 25% of the 
adverse events would be registered in the reporting 
systems.

Methods

We performed a substudy of our multicentre, interrupted 
time series, entitled the RICAT study (Reduce Inappropriate 
use of intravenous and urinary CATheters), to reduce the 
inappropriate use of intravenous and urinary catheters in 
the internal medicine and non-surgical subspecialty wards 
in seven hospitals (three university and four general hospi-
tals) in The Netherlands from 1 September 2016 to 1 April 
2018 (Laan et al, 2020). We prospectively included adult 
patients who had a (central and/or peripheral) venous and/
or urinary catheter. Further details are described in the orig-
inal study publication (Laan et al, 2020).

Ethical approval was obtained from the Medical 
Ethics Research Committee of the Academic Medical 
Centre, with a waiver for individual informed consent. 
Local feasibility was approved by the local institutional 
review boards of the participating hospitals. The results 
are reported in accordance with the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) statement.

To verify the current use of adverse event reporting sys-
tems, we additionally performed a chart review 30 days 
after discharge. We collected information on whether 
patients had a catheter-related complication during hospital 
stay, and if these complications were registered as part of 
regular care in adverse event reporting systems. Three hos-
pitals used EPIC Systems Corporation, two hospitals used 
HiX by ChipSoft, and one hospital used SAP software for 
electronic health records. In EPIC the adverse events 
reporting system is integrated in the patient records.

Study outcomes

The primary outcome was the percentage of catheter-
related infections (defined as central line, and peripheral 
venous catheter-associated bloodstream infections, and 
catheter-associated urinary tract infections) registered in 
the adverse event reporting system. As the systems used 
no formal definitions of catheter-related infections, we 
used clinician-based definitions of catheter-related 
infections. Secondary outcomes were other registered 
catheter-related complications, such as extravasation, 
haematoma, thrombosis and decompensation by fluid 
overload for venous catheters, and haematuria and ure-
thral trauma for urinary catheters. Adverse events were 
defined as catheter-related complications, as described 
above, that needed additional treatment. If a patient had 
more than one complication, we only reported one com-
plication per catheter.

Statistical analysis

We summarised categorical data as frequency and percent-
age. We did a subgroup analysis for the hospitals with an 
integrated adverse events reporting system in the electronic 
patients records. Descriptive analyses were performed 
using IBM SPSS Statistics (version 25.0). The RICAT 
study is registered at Netherlands Trial Register, trial 
NL5438.

Results

Between 1 September 2016 and 1 April 2018, we screened 
for the RICAT study 5696 patients by direct patients 
observations, 3577 (62.8%) had a peripheral venous cath-
eter, 722 (12.7%) a urinary catheter and 191 (3.4%) a 
central venous catheter. In total, 803 catheter-related 
complications were found in patient records (Table 1). 
Data on the complications were not available in one uni-
versity hospital.

We found that 13 (1.6%) of all 803 catheter-related 
complications, and five (10.9%) of 46 catheter-related 
infections were registered in the adverse event reporting 
system. Details are provided in Table 1. One peripheral 
venous catheter-associated bloodstream infection, six 
phlebitis, four catheter-associated urinary tract infections, 
one case of haematuria and one case of fluid overload due 
to a central venous catheter were registered as a complica-
tion. The sensitivity of the adverse event reporting system 
for catheter-related infections was 0.02.

Sensitivity analysis in the hospitals with adverse event 
reporting systems integrated in patient records showed only 
modest improvement of registrations. In total, 12 (2.8%) of 
422 catheter-related complications were registered com-
pared to 13 (1.6%) of 803 complications. We found no dif-
ferences for specific types of catheters or for catheter-related 
infections.
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2015). Globally, only 19% of people wash their hands after 
contact with excreta (Freeman et al., 2014).

Handwashing is practised by washing hands using the 
several combinations of water, solid or liquid soap, sani-
tiser, alcohol-based components, sand, ash and mud. 
Although mostly water is used for handwashing, water 
alone is an inefficient skin cleanser because fats and pro-
teins are not readily dissolved in water. People in low-
income countries such as India, Bangladesh and sub-Saharan 
Africa use ash, mud or sand for handwashing as zero-cost 
alternatives to soap (Bloomfield and Nath, 2009). Although 
there is potential for infection transmission by using con-
taminated soil/mud/ash for handwashing, ash or mud is 
perceived to clean hands as effectively as soap (Nizame 
et al., 2015). Handwashing with soap can dramatically 
reduce the rates of common diseases, including pneumonia 
and diarrhoea, two of the leading causes of deaths in chil-
dren. Handwashing with soap and water is a simple and 
efficient method for reducing the risk of infectious diseases 
(Burton et al., 2011). Handwashing with soap can reduce 
childhood mortality rates related to respiratory and diar-
rheal diseases by almost 50% in developing countries 
(Curtis and Cairncross, 2003). Handwashing with soap pre-
vents the two clinical syndromes that cause the most sig-
nificant number of childhood deaths globally; namely, 
diarrhoea and acute lower respiratory infections (Luby 
et al., 2005).

Effective national programs for changes in handwashing 
behaviour can be expected to reduce diarrhoea and pneu-
monia caused by lack of handwashing by 25% (Townsend 
et al., 2017). A large number of people do not wash their 
hands regularly or do not know how to wash their hands 
properly (Ali et al., 2014). Education, socioeconomic sta-
tus, availability of a water source in the house, ownership 
of the house and rural residence are associated with hand-
washing (Al-Khatib et al., 2015; Halder et al., 2010; Kumar 
et al., 2017; Ray et al., 2010; Schmidt et al., 2009; 
Ssemugabo et al., 2020). Handwashing is also related to 
knowledge of hand hygiene and non-availability of hand-
washing spaces or soap among school children (Mane 
et al., 2016).

India, with a cumulative number of 2,905,823 cases of 
COVID-19, is the third-worst affected country after the 
USA and Brazil as of 21 August 2020 (WHO, 2020b). 
Experts differ on the future trend of the COVID-19 in the 
country, amid rapidly growing cases across the states 
(Application Programming Interface, 2020), and the disease 
transmission stage being classified as ‘cluster of cases’ 
(WHO, 2020b). Appropriate handwashing (handwashing 
with alcohol-based agent or soap and water for a minimum 
of 20 s) is recommended as one of the most important ways 
to prevent person-to-person transmission of COVID 19. 
Nevertheless, evidence suggests poor hand hygiene in hos-
pitals /healthcare providers (Mani et al., 2010; Sureshkumar 
et al., 2011; Tyagi et al., 2018) and the role of hands in 

spreading infections in the country (Taneja et al., 2003). 
Handwashing through alcohol-based agent/soap and water 
at the household level again seems not universal, as millions 
of Indians do not have access to basic amenities (Kumar, 
2015). With several parts of India being water-stressed, and 
as much as 70% of the surface water resources being con-
taminated (Niti Aayog, 2019), is further perceived to worsen 
the recommended handwashing practices. Empirical evi-
dence on existing handwashing practices is crucial to com-
bat infectious diseases like COVID-19. There is, however, 
no scientific study exploring handwashing practices, spatial 
clustering and its determinants at the household level using 
the nationally representative sample in India. The aims of 
the present study were to: (1) understand the pattern and 
predictors of handwashing using soap/detergent and water; 
and (2) assess the spatial clustering of handwashing through 
soap/detergent and water at the district level in India.

Methods

Data

The study used data from the fourth round of the National 
Family Health Survey (NFHS), 2015–2016. The NFHS-4 is 
a nationally representative survey of 601,509 households 
that provides information for a wide range of monitoring 
and impact evaluation indicators of health, nutrition and 
women’s empowerment. The sampling design of the 
NFHS-4 is a stratified two-stage sample with an overall 
response rate of 98%. The Primary Sampling Unit (PSUs), 
i.e. the survey villages in rural areas and Census Enumeration 
Blocks (CEBs) in urban areas, were selected using probabil-
ity proportional to size (PPS) sampling. Data collection was 
conducted in two phases from January 2015 to December 
2016. The data were gathered using computer-assisted per-
sonal interviewing (CAPI) by trained research investigators. 
Only those respondents who gave oral/written consent were 
interviewed in the survey. A more detailed description of 
survey design, questionnaire and quality control measures 
can be obtained elsewhere (Paswan et al., 2017).

The NFHS-4 asked a specific question: ‘Please show me 
where members of your household most often wash their 
hands’. In the households where the place of handwashing 
was observed, research investigators were instructed to 
observe the presence of water, soap/detergent (bar, liquid, 
powder, paste) or other cleansing agents (ash, mud, sand) or 
absence of any cleansing agent. The present analysis is 
restricted to 582,064 households where the usual place for 
handwashing was observed. The availability of specific hand-
washing materials at the usual place of handwashing is 
assumed to be used by the household for handwashing. There 
is no consensus on a gold standard for identifying handwash-
ing behaviour (Manun’Ebo et al., 1997), though handwashing 
behaviour can be assessed using questionnaires, by hand-
washing demonstration and by direct/indirect observation. 
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Discussion

We showed that the registration of catheter-related infec-
tions and other complications in adverse event reporting 
systems is highly underused in six hospitals in The 
Netherlands. It was even worse than our hypothesis of 25%. 
This leads to an underestimation of the prevalence of (pre-
ventable) catheter-related infections, and as a result a lack 
of learning opportunity to recognise, investigate and reduce 
preventable adverse events.

A survey in Australia showed that most healthcare work-
ers were aware of the adverse event reporting system (Evans 
et al, 2006). However, only a small percentage of doctors 
report adverse events. Barriers to adverse event reporting 
appear to be multifactorial, such as not knowing how and 
what to report, long forms, lack of time and inadequate feed-
back regarding previous reports (Evans et al, 2006).

Our findings are similar to a retrospective review in a 
large hospital in England where a routine incident reporting 
system identified only 5% of adverse events (Sari et al, 
2007). In contrast, the nationwide routine reporting of surgi-
cal adverse events in The Netherlands is integrated in daily 
clinical practice, which results in a registration of 85% of 
serious adverse events (Marang-van de Mheen et al, 2005).

The main limitation of this study is that we specifically 
evaluated the registration of catheter-related events instead 
of all adverse events. Therefore, the outcome might not be 
generalisable for all other adverse events. However, health-
care-associated infections, mostly associated with the use 
of a catheter, are identified as an important patient safety 
challenge, because a substantial amount of catheter-related 
infections are preventable. Next, we did not evaluate the 
sentinel events, which are mandatorily reported to the 
Dutch Health Inspectorate and therefore could have a good 
registration rate.

Human errors that lead to adverse events cannot be elimi-
nated. However, we could better identify the problem and 
implement adverse event reporting systems that recognise 
and result in actions to prevent adverse events. This could be 
through quality improvement projects that focus on the 
involvement of residents, because they are at the frontline of 
patient care and the medical specialists of the future. A suc-
cessful example is an educational intervention in anaesthesi-
ology residents in Chicago, which led to improved adverse 
event reporting by residents (0 per quarter to almost 30 per 
quarter) and learning opportunities that resulted in process 
improvements of anaesthesia care (Jericho et al, 2010). 
However, it remains challenging to use administrative data 
or adverse reporting systems for surveillance, because it is 
resource intensive and lacks standardisation. Methods and 
indicators used in surveillance systems are often lacking 
(Núñez-Núñez et al, 2018). The development of automated 
surveillance systems could address these challenges (van 
Mourik et al, 2018). Next to good registration, it is crucial to 
analyse serious adverse events structurally; for example, in 
a root cause analysis, to identify underlying factors that 
increase the likelihood of adverse events and introduce 
improvement projects to tackle these underlying factors. So, 
reporting systems should be an opportunity to learn from 
adverse events and improve patient safety through an appro-
priate safety culture (Mitchell et al, 2016).

As health care is a very complex system, human errors 
are inevitable, but systems must be developed to minimise 
preventable adverse events. The first step is to know how 
many and what kind of preventable adverse events occur on 
each specific ward or department by registration. However, 
our results show that this crucial action is lacking and is 
highly underused in adverse event reporting systems from 
six hospitals in The Netherlands. Improvement projects 
should start to increase the registration of adverse events. 

Table 1. Registration of catheter-related complications.

Complications Data: health records 
(measured in RICAT study)a

Data: reporting 
systema

Total measured complications from health 
records registered in reporting system

Central venous catheters 30/171 (17.5) 1/171 (0.6) 1/30 (3.3)

 CLA-BSI 6/171 (3.5) 0/171 (0.0) 0/6 (0.0)

Peripheral venous catheters 682/3287 (20.7) 7/3287 (0.2) 7/682 (1.0)

 PVC-BSI 6/3287 (0.2) 1/3287 (0.0) 1/6 (16.7)

 Phlebitis 328/3287 (10.0) 6/3287 (0.2) 6/328 (1.8)

Urinary catheter 91/675 (13.5) 5/675 (0.7) 5/91 (5.5)

 CA-UTI 34/675 (5.0) 4/675 (0.6) 4/34 (11.8)

Total 803/4133 (19.4) 13/4133 (0.3) 13/803 (1.6)

Data are n/N (%).
Data from six hospitals.
CLA-BSI: central line-associated bloodstream infection; PVC-BSI: peripheral venous catheter-associated bloodstream infection; CA-UTI: catheter-
associated urinary tract infection.
aDenominators are numbers of patients having the specific catheter.
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Structured observation has been found to be the best indicator 
to assess handwashing practices in Indian households (Biran 
et al., 2008).

Outcome variable

The outcome variable considered for the analysis was ‘the 
use of soap/detergent and water for handwashing’. It is 
defined as the presence of soap/detergent along with water 
in the usual place of handwashing among the households, 
where the place of handwashing was observed.

Predictor variables

The predictor variables used in the analysis were chosen 
based on the extensive literature review and available infor-
mation in the NFHS-4. Specifically, the predictor variables 
used were the schooling of the household head (< 5 years 
including the illiterates, 5–9 years, 10–11 years, ⩾ 12 
years), sex of the household head (male, female), religion 
of the household head (Hindu, Muslim, Christian and 
Others), caste/tribe of the household head (scheduled caste 
[SC], scheduled tribe [ST], other backward classes [OBC] 
or non-SC/ST/OBC), household size (< 5 members, ⩾ 5 
members), house type (kuccha, semi-pucca, pucca), loca-
tion of water source (in own dwelling, elsewhere), owner-
ship of the house (not own house, own house), wealth index 
(poorest, poorer, middle, richer, richest), place of residence 
(urban, rural) and region (north, central, east, northeast, 
west, south).

Statistical analysis

In the present study, cross-tabulations between the outcome 
and predictor variables were done using the appropriate 
sample weights. The binary logistic regression was carried 
out to understand the predictors of handwashing practices. 
For this regression analysis, the dependent variable ‘Soap/

detergent and water used for handwashing’ was categorised 
into two, i.e. 1 = yes, 0 = no. The variables ‘house type’ 
and ‘ownership of house’ were dropped from the regression 
analysis to avoid multicollinearity. The Statistical Package 
for Social Sciences (SPSS-25, IBM Corp., Armonk, NY, 
USA) was used for analysis. The choropleth map was pre-
pared at the district level using the ArcMap (version 10.4) 
to assess the regional scenario. The local indicators of spa-
tial association (LISA) cluster map and Moran’s I scatter 
plot were calculated through GeoDa (version 1.14) to 
understand the spatial clustering in the use of soap/deter-
gent and water for handwashing.

Results

Type of handwashing elements observed  
at the usual place of handwashing

Soap/detergent and water were observed in the usual place 
of handwashing in three-fifths (60%) of the households 
(Figure 1). In 16% of the households, only water was 
observed in the usual place of handwashing. Seven out of 
every ten households were observed to have water and any 
cleansing element in their regular handwashing place. Nine 
percent of the households were found to have no water, no 
soap or any other cleansing agent at their usual place for 
handwashing.

Handwashing through soap and water 
by background characteristics of the 
households

Table 1 presents the bivariate analyses to understand the 
individual association between the predictors and outcome 
variable. Of the male-headed households, 61% use soap 
and water for handwashing compared with 55% of the 
female-headed households. Use of soap and water for hand-
washing was found to increase with increasing education of 

Figure 1. Type of cleansing element for handwashing observed at the usual place of handwashing, among households in which the 
place for hand washing was observed, India, 2015–2016.
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To improve patient safety, reporting systems should detect 
most adverse events, identify the underlying problem, 
develop interventions and monitor improvements to reduce 
adverse events sustainably.
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