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Abstract
Background

Despite the increasing awareness of the need to implement systematic methods to reduce treatment-
related risks, there are only few studies on comprehensive clinical risk management (CRM) in hospitals.
The aim of this study was to report on the implementation, results and outcome of a CRM system at a
university hospital in Tyrol, Austria.

Methods

CRM was rolled out in 35 departments of the hospital over a period of nine years and included the training
of interdisciplinary risk management teams at each department, external and internal risk audits and the
implementation of a critical incident reporting system (CIRS). The results of the risk audits were
retrospectively reviewed and the risks identi�ed were analyzed according to the type, severity and degree of
implementation of risk management measures. Other key �gures of CRM were obtained from the annual
risk reports. The development of liability cases in the individual departments and in the entire hospital was
used as an outcome measurement.

Results

Of the 1,104 risks identi�ed during the risk audits, 620 (56.2%) were related to the organization of clinical
care, 235 (21.3%) to documentation, 169 (15.3%) to patient treatment and 80 (7.2%) to patient information
and consent. The highest proportion of serious risks was found in the category organization (22.7%), and
the lowest in the category documentation (13.6%). The degree of implementation of prevention measures
after 12 to 18 months was between 69.7% and 83.4% depending on the risk category. The CIRS identi�ed
between 241 and 370 critical incidents per year, for which in 79.5% to 83% preventive measures were
implemented within twelve months.

Compared with the years prior to the introduction of CRM, an average annual reduction of treatment-related
harms by 52.9% (95% con�dence interval, 44.2% to 61.6%) was observed at the end of the implementation
phase. The mean number of harms per department and year dropped from 7.04 to 3.45 (p<0.001).

Conclusions

The results of this project demonstrate the effectiveness of systematic CRM in detecting treatment-related
risks and in reducing harm to patients. 

Background
Since the two Institute of Medicine reports "To Err is Human" and "Crossing the Quality Chasm" from 1999
and 2001, patient safety has become a priority issue for health care institutions [1, 2]. Subsequent studies
using chart review methods con�rmed that treatment-related adverse events are frequent and often have
serious consequences for patients [3-8]. A systematic review showed that, in a total of 74,485 hospital
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patients, at least one adverse event occurred in 3.8% to 12.9% of cases (median, 9.2%). 7.0% of the events
resulted in permanent disability, and 7.4% were lethal [9]. In surgical patients, the rate of adverse events
was even higher at 11.7% to 23.2% [10]. Of particular signi�cance is that 37.9% to 43.5% of adverse events
were considered potentially preventable [9, 10].

In order to reduce the number of preventable adverse events, extensive efforts have been made to improve
quality and reduce treatment-associated risks, both at the level of national health systems and individual
health care organizations. Although these initiatives have raised awareness of the importance of patient
safety, evidence of their effectiveness is limited [8, 11, 12]. While initially most projects and measures to
increase patient safety were implemented in an uncoordinated way, many health organizations have now
recognized the need to use systematic approaches to reduce risks and patient harm.

Among these systematic approaches, clinical risk management (CRM) has been among the most
commonly used [13]. It includes the entirety of strategies, structures, processes, instruments and activities
in prevention, diagnostics, therapy and care that support employees at all levels, functions and
occupational groups in identifying, analyzing, assessing and managing risks in patient care [13]. In Austria,
implementation of a risk-minimizing process for critical areas of care (e.g., medication safety, hygiene,
handling of blood products, etc.) as well as an error management system have been de�ned as minimum
requirements for quality management for all health care providers [14]. In a survey in 2017, 96% of acute-
care hospitals stated that they had introduced CRM in their organization [15].

However, there are very few reports on the introduction and effectiveness of comprehensive CRM systems
in hospitals [16, 17]. The purpose of this study was therefore (a) to report the implementation of CRM in
clinical practice, (b) to describe the latent risks to patient safety according to number, type and severity, and
(c) to assess whether CRM can lead to a reduction in treatment-related patient harm.

Methods
Study design and setting

A retrospective study was conducted to explore a quality improvement project at the University hospital
Innsbruck. The hospital is a tertiary medical center that supplies mainly the Austrian province of Tyrol and
neighboring regions of western Austria and Southern Tyrol. It includes 35 clinical departments with a total
of 1,530 beds and 5.095 employees (full-time equivalents). In 2019, the number of inpatient admissions
was 74,600.

Intervention

Following the decision to implement comprehensive risk management consisting of economic,
infrastructural and clinical risk management, the department for strategic quality management was
assigned the task of developing a risk strategy and an implementation plan for CRM. The risk strategy
included the de�nition of the objectives, structures, processes and responsibilities of risk management in
general and CRM in particular and described the integration of risk management into the organization´s
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management systems. The rollout of the system was centrally coordinated by the hospital management,
while its operation was the responsibility of the respective departments.

The CRM system consisted of the following three components:

1. Training and implementation of multi-professional risk teams: Training of clinical risk managers and
clinical risk management assistants was carried out in accordance with the ONR 49003/ISO 31000
standard in three- to six-day in-house training courses. In each hospital department, at least one
physician and one nurse or medical-technical staff were trained. The responsibilities of the risk
managers in the implementation phase included the organisation of the risk assessments and the
implementation and monitoring of risk prevention strategies. Risk management assistants supported
the clinical risk managers in these activities. In the operational phase, both were members of the inter-
professional risk management team.

2. External risk audits: Risk analyses were performed at all departments by means of one- or two-day
audits by experienced external auditors. The audits included semi-structured interviews, a review of
medical records and other relevant documents and participatory observation by the auditors. Risks
were assessed for the following categories: treatment processes, patient information, documentation
and organization. All risks were categorized according to their severity and probability of occurrence
and presented in a risk matrix using the riskala™ software (GRB - Gesellschaft für Risiko-Beratung
mbH, Detmold, Germany).

The assessment of the degree of severity was based on the following criteria: serious (high probability of
occurrence, high potential damage), moderate (medium probability of occurrence, medium potential
damage) and low (low probability of occurrence, low potential damage). Together with the auditors, the risk
managers developed preventive measures for all observed risks. In a repeat audit after 12 to 18 months, the
implementation of these measures was evaluated and the severity of the existing risks was reassessed.

3. Critical Incident Reporting System (CIRS): After completion of the risk assessment process, an intranet-
based system for voluntary and anonymous reporting of critical incidents was implemented in all
departments. Reported incidents were regularly discussed at meetings attended by the risk managers,
the departmental management and representatives of the various professional groups. Risks that
affected several departments or that could not be managed by the respective department on its own
were reported in a standardized way to the quality management of the hospital administration and
were further processed there.

To ensure the sustainability of the system, the risk managers prepared annual reports on the critical
incidents reported and the measures taken to reduce risks. These reports were supplemented by other data
sources, such as patient surveys, evaluations of patient complaints, infection statistics, fall statistics, and
morbidity and mortality conferences. Based on these data, the hospital management annually de�ned
hospital-wide projects and measures to increase patient safety. In addition, an external re-audit was carried
out at all departments every �ve years after the initial implementation of CRM.
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Data collection

The speci�c objective of introducing CRM was to reduce the frequency of treatment-related patient harm.
We chose the annual number of harms reported to the liability insurance as the primary outcome
parameter. According to the hospital guidelines, all known adverse events that result in temporary or
permanent harm to patients must be reported to the hospital authorities. These cases are recorded in the
annual statistics, whether or not a compensation has been granted by the liability insurance. The analysis
of these incidents was carried out as a time series analysis covering the time before the implementation of
CRM (baseline) and the implementation phase, and by comparing the frequency of adverse events
occurring in the individual departments before and after the implementation of CRM.

Information on the number, type and severity of risks detected in the risk audits and the degree of risk
reduction after implementation of appropriate measures was taken from the audit reports. Other
information, such as the time of implementation of CRM in the individual departments, the number of CIRS
reports per department and year, as well as the number of active risk managers and the number of
meetings of the risk management teams per year was obtained from the annual risk management reports.

Statistical data analysis

Due to the retrospective study design, no statistical sample size calculation was performed. The data
evaluation was therefore explorative. Statistical data analysis was performed using SPSS IBM Version 23.
Descriptive statistics included frequency tables with averages, minima, maxima, and standard deviations
(SD). For interval-scaled variables, the Kolmogorov-Smirnov test was used to check for normal distribution.
The Wilcoxon signed-rank test was used for comparisons of dependent, non-normally distributed variables.
Correlations between key �gures of CRM at the individual hospital departments and the extent of harm
reduction were analyzed using the Spearman rank correlation for non-normally distributed or ordinally
scaled variables.

The total numbers of treatment-related harms in the years before the implementation of clinical risk
management (2001 to 2010) were compared with the number of harms in the year 2019 at end of the
implementation phase. A 95% con�dence interval (CI) was calculated for the mean value of harm
reduction. Time-dependent variations in the occurrence of harms were analyzed for two periods, that is,
2001 to 2010 (baseline) and the years 2011 to 2019 (implementation phase) using methods of statistical
process control (quality control charts). These consist of a graphic display of the time course of the
variable under investigation with plotting of the mean and the upper and lower control limits at ±3 standard
deviations (SD). Since the measured value under investigation (i.e., the number of treatment-related harms
per year) was a discrete variable from a relatively constant population (i.e., the number of patient
admissions per year), the selected type of control chart was a c chart [18].

Identi�cation of special cause variation was based on established criteria: 1. one or more data points
outside the 3 SD control limits; 2. at least eight consecutive data points above or below the mean; 3. eight
or more consecutive data points ascending or descending; 4. two of three consecutive data points outside 2
SD on the same side of the mean [18-20]. After identifying a signi�cant change, the mean and upper and
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lower control limits were recalculated and the data points were examined for further non-random variations
according to the above-mentioned rules. The calculation was performed with the software package QI
Chart Version 2.0.22 for Microsoft Excel.

Results
Results of the risk audits

A total of 1,104 risks were identi�ed during the risk audits. The number of risks per department varied
between four and 90 (mean, 30.4; SD, 22.9). 620 risks (56.2%) were related to the organization of clinical
care, 235 (21.3%) to documentation, 169 (15.3%) to patient treatment and 80 (7.2%) to patient information
and consent. Overall, 208 risks (18.8%) were assessed as serious, 831 (75.3%) as moderate and 65 (5.9%)
as low. The highest proportion of serious risks was found in the category organization (141/620, 22.7%),
and the lowest one in the category documentation (23/169, 13.6%). A summary of the detected risks and
the associated severity levels is shown in Table 1.

Table 1. Risks identi�ed in the risk audits by type and severity
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Risk Categories

 

Risk areas

 

Number of Risks Detected
by Severity Grade

 

Low Moderate Serious

Treatment Diagnostics and treatment planning 2 10 3

Pain management 3 1 0

Emergencies 0 16 9

Treatment guidelines and SOPs 9 72 14

Decubitus and fall prophylaxis, wound management 4 26 0

TOTAL 18 125 26

Documentation Emergency admissions 0 9 0

Anesthesia documentation 0 3 2

OP documentation 0 13 1

Documentation in the hospital ward 17 135 16

Physiotherapy, logotherapy, ergotherapy 2 20 2

Functional areas (endoscopy, delivery room, catheter
laboratory, etc.)

1 12 2

TOTAL 20 192 23

Patient
information
and consent

Patient information in the emergency department 0 3 3

General standards (risks and complications requiring
disclosure, documentation of informed consent,
information material, etc.)

1 41 13

Pre-operative patient information 1 2 2

Patient information in functional areas 0 14 0

TOTAL 2 60 18

Organization Organization in the emergency department 1 20 10

Organization in the outpatient clinic 1 47 10

OP planning and coordination 2 58 11

Patient transport to the operation room, identi�cation
of the patient and the surgical site

1 36 21

OP organization
(anesthesia and wake-up room, handling of implants
and prostheses, sterile goods processing, handling of
tissue samples, outpatient surgery, etc. )

2 58 19
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Organization in the intensive care unit 1 9 6

Organization in other functional areas (endoscopy,
therapy, delivery room, etc.)

9 82 30

Intra-clinical emergency management
(resuscitation team, alarm system, emergency
equipment, staff training)

1 10 7

Medication safety 0 51 11

Workforce planning and training 5 15 1

Safety of medical devices 0 5 0

Other organizational issues (communication, patient
transport, infrastructure, hospital hygiene, etc.)

2 63 15

TOTAL 25 454 141

 All risks   65 831 208

During the audits, the degree of implementation of risk reduction measures was assessed for each risk by
the auditors on a four-level scale (25%, 50%, 75%, and 100%). In order to estimate the global degree of risk
control, mean values per department and risk category were calculated. At the time of the evaluation audit,
the average degree of implementation of risk-reducing measures at the individual departments was 83.4%
for risks associated with patient information, 71.8% for risks associated with treatment, 69.7% for risks
associated with organization and 68.4% for risks associated with documentation.

Rollout of CRM

The CRM system was rolled out in the years 2011 to 2019. At the time of evaluation at the beginning of
2020, the system was therefore active at the individual departments between 6 and 84 months. In eleven
departments, a re-audit after �ve years had already taken place.  Depending on the size of the departments,
two to eight trained risk managers and risk management assistants were active. The number of meetings
of the risk management teams varied between one and 24 per year (mean, 8.67; SD, 6.51).

The number of reported critical incidents per year increased from 241 in 2016 to 290 in 2017, 350 in 2018
and 370 in 2019. On average, 14.7 (range, 1 - 46) CIRS reports were recorded per department and year. The
percentage of completely processed risk noti�cations remained largely constant in the years under review
and ranged between 79.5% and 83%. The average number of CIRS reports at each department showed a
signi�cant correlation with the number of clinical risk managers per department (r= 0.679; p<0.001).

Development of patient harms

In the ten years prior to the introduction of clinical risk management (2001 to 2010), a total of 1,458
treatment-related harms were registered, that is, 95 to 186 harms per year (mean, 153; SD, 34.6). The total
number of harms varied greatly between the departments, ranging from one to 234 (mean, 76.7; median,
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53; SD: 66.8). 1,044 adverse events (71.6%) occurred at surgical departments, including gynecology and
obstetrics and anesthesia.

In 2019, at the end of the roll out phase, 65 harms were recorded for the entire hospital. Compared to the
years prior to the introduction of clinical risk management, this is a reduction between 31.6% and 65.1%
(mean, 52.9%; 95% CI, 44.2%- 61.6%). To take into account the different times of implementation of clinical
risk management, the mean number of harms in the years before and after the implementation of risk
management was compared for each department. On average, 0.2 to 22.5 (mean, 7.04; SD, 6.14) harms per
year and per department occurred before and 0 to 14.6 (mean, 3.45; SD, 3.66) occurred after the
implementation of clinical risk management (p<0.001).

In order to analyze possible factors in�uencing the outcome of clinical risk management, key �gures at the
individual departments were correlated with the extent of harm reduction. Neither the time since the
implementation of CRM nor the number of CIRS reports, the number of active risk managers or the number
of meetings of the risk team showed a statistically signi�cant correlation with the extent to which
treatment-related harms were reduced (r= 0.12- 0.26; all p>0.05).

The temporal relationships between the implementation of clinical risk management and the development
of treatment-related harms were investigated using a statistical process control chart (c chart). During the
years 2001 to 2006, the number of harms per year showed considerable �uctuations with several data
points outside the upper control limit, without signi�cant changes in in�uencing variables such as the
number of hospital beds or inpatient admissions. To avoid type 1 errors with respect to a potential effect of
a quality improvement intervention, the control chart in the pre-intervention phase should indicate a stable
baseline process [20, 21]. As no process stability could be assumed for the years 2000 to 2006, the period
from 2007 to 2010 was chosen as the baseline for this analysis. From 2012 onwards, the number of
annual harms was below the mean for eight consecutive years; in the years 2017- 2019 it was even below
the lower control limit at 3 SD (Fig1 a).

According to the above-mentioned evaluation rules, this indicates a special cause variation. The temporal
correlation with the rollout of risk management under otherwise constant conditions suggests that this
change was caused by the implementation of clinical risk management. After adjustment of the mean
value and standard deviations, the number of adverse events from 2012 onwards showed no indication of
a special cause variation, which indicates a stable process (Fig. 1b).

Discussion
Our retrospective study showed a signi�cant reduction of treatment-related harms following the
introduction of CRM. The effect was visible in all hospital departments as well as on the level of the entire
hospital. Despite the di�culties in measuring infrequent severe patient outcomes, such as treatment-related
harms, data support an association between intervention and outcome.

Unlike many other projects to improve patient safety, this project took a comprehensive and systematic
approach to clinical risk management. The German Patient Safety Coalition (Aktionsbündnis
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Patientensicherheit) de�ned the following requirements for clinical risk management systems in hospitals:
1. development and communication of a risk policy and risk management strategy; 2. de�nition of strategic
and operative goals for clinical risk management; 3. de�nition of responsibilities and necessary resources;
4. development of competence and expertise for the identi�cation, analysis, evaluation and management
of risks; 5. establishment of a de�ned risk management process and integration of risk management into
the management structures and processes of the organization; 6. participation, information and training of
all professional groups; 7. continuous development and evaluation of the risk management system; 8.
establishment of a positive safety culture [13]. A cross-sectional study of 138 Swiss hospitals identi�ed the
implementation of central coordination, established communication structures in and between the
individual hospital facilities and the existence of a risk management strategy and strategic goals as key
enablers for clinical risk management [22, 23].

In contrast, a survey of 572 German hospitals in 2015 revealed that, depending on the type of hospital, only
33% to 54% had systematically implemented a clinical risk management strategy and that in only 38% of
hospitals the top management was involved in the project [24]. Only 13% of hospitals reported systematic
use of information from the analysis of critical incidents, and only 14% reported the use of prospective risk
analysis methods, although the vast majority had implemented a CIRS [24, 25]. These results show that,
although the essential components of comprehensive clinical risk management are well de�ned, the extent
and maturity of its implementation vary considerably between hospitals.

In this project, an attempt was already made at the planning stage to meet all the requirements of a
comprehensive risk management system. Patient safety and clinical risk management were laid down in
the corporate strategy, the risk policy and risk management strategy were described as part of the quality
strategy, and the risk management processes were integrated into the management processes at corporate
and hospital level. The development of expertise in the management of clinical risks was achieved by
training a su�ciently large number of clinical risk managers and clinical risk management assistants. The
recruitment of risk managers from different professional groups and the multi-professional composition of
the risk management teams ensured a broad participation of all professional groups in the risk
management process. In addition, the importance of patient safety and clinical risk management principles
were communicated to employees through various communication channels, such as the intranet,
newsletters, team meetings, training courses and lectures. The sustainability and continuous development
of clinical risk management was ensured by annual internal and �ve-yearly external audits as well as by the
annual determination of strategic goals and projects to increase patient safety.

This project used retrospective data, such as the analysis of CIRS reports, patient surveys, and the results
of mobility and mortality conferences, as well as the systematic assessment, analysis and evaluation of
clinical risks through risk audits. We classi�ed the detected risks according to type and severity in order to
get an overview of the hospital's risk pro�le. We could not �nd comparable data on risk pro�les from other
projects. Several studies reported on the number and type of adverse events detected by medical record
review [4, 6, 26, 27]. However, the methods and classi�cations used are heterogeneous and not readily
transferable to prospectively detected risks.
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Among the risks identi�ed in this project, risks due to organizational de�ciencies were the most common
(56.2%), with the highest proportion of serious risks (22.7%). This seems to be in contrast with a patient
record study at 21 Dutch hospitals, which found that the majority of adverse events (61%) were caused by
human factors, followed by patient-related factors with 39% and organizational factors with 14% [26].
However, active failures by people who are in direct contact with the patients and the medical system often
only lead to damage in combination with latent conditions, that is weaknesses in the organization. Unlike
active failures, whose speci�c forms are hard to predict, latent conditions can be identi�ed and remedied
before an adverse event occurs [28]. This is supported by the observation in the above-mentioned study,
that the largest share of avoidable adverse events was among those with organizational causes (93%) [26].

There are hardly any previous reports on the outcome of CRM projects in hospitals. Cropper and colleagues
reported on the implementation of a safety program in a large healthcare organization, which included
some elements of clinical risk management, such as interprofessional risk management teams, a critical
incident reporting system, safety critical policies and safety training. The authors reported a continuous
decrease in the number of serious safety events recorded by the error reporting system after the
introduction of the program [29]. Ramirez and colleagues reported on the introduction of an incident
reporting system at a university hospital and evaluated the effectiveness of the resulting improvement
actions through prospective real-time observations [17]. The authors found a signi�cant reduction of
patient safety incidents for 63.15% of the implemented safety measures. In contrast, a retrospective patient
record review study at a department for cardiovascular surgery reported an increase in the rate of adverse
events three years after the implementation of CRM from 21.1 to 42.8 events per 1,000 patient days [30].

Strengths and limitations

The strength of this study is that it reports on an extensive project carried out over nine years, which
included all criteria and elements of a comprehensive risk management according to the current state of
knowledge in a routine hospital setting. The detailed documentation of the prospective risk assessments
allowed for the �rst time an assessment of the clinical risk pro�le of a tertiary care center. Together with the
causes of adverse events with varying degrees of severity, as described in other studies, this can provide
valuable information for future safety initiatives [9, 17, 26].

The study has some limitations. One limitation our study shares with many retrospective observational
analyses is that the described intervention was carried out without the evaluation having been considered
at the planning stage. The evaluation was therefore carried out retrospectively and had to be limited to the
data available. For this reason, important aspects of a complex multiple intervention, such as effects on
patient safety culture, could not be evaluated [31, 32].

Another limitation lies in the outcome measurements used for the evaluation. In our study, liability cases
were used as a measure of treatment safety. This approach has some advantages and disadvantages. An
advantage is the relatively high reliability of the data, since manifest damages are usually reported reliably.
A retrospective review of 206 cases of medico-legal litigation showed that only 20% of adverse events were
not reported to the hospital management [33]. Furthermore, liability cases usually concern serious adverse
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events with temporary or permanent damage or even fatal consequences, while 56% of adverse events
detected with medical record review have no or only minimal consequences for patients [9]. In addition,
reducing malpractice claims was a primary objective of this project, which could be measured directly by
the assessment of liability cases.

One drawback is that liability cases, as compared to adverse events detected with chart review methods,
represent a series of highly selected cases from which only limited conclusions can be drawn regarding
general patient safety [34]. However, the effect of safety improvement measures on the reduction of
litigation claims has been proven before, which suggests that liability cases can be used as surrogate
parameters for patient safety [17].

Finally, our study design was observational, and therefore, outcomes may not only be affected by the
intervention itself, but also by many other factors leading to a biased estimation of the intervention´s effect
[35, 36]. In our study, the compared periods may vary in the number of inpatient and outpatient admissions,
patient days, patient case mix, and internal and external cultural factors. We were not able to correct for
these possible confounding factors. For the same reasons, generalizability is limited and our results may
not be directly transferable to other hospitals, settings or countries. However, the close temporal
relationship between the incidence of special cause variation in the control charts and the speci�c
intervention makes it likely that the reduction in patient harm was at least partly due to the introduction of
CRM.

Conclusions
In conclusion, the implementation of CRM in a university hospital resulted in a signi�cant reduction in
treatment-related patient harms. In contrast to the majority of other reported projects for increasing patient
safety, this project met all requirements for a comprehensive quality management system, so that a
sustained effectiveness of the intervention can be expected. These initial results must be con�rmed
through more detailed studies with chart review methods that can detect more adverse events in general
and avoidable adverse events in particular.
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Figure 1

a. Development of treatment-related harms before and after implementation of CRM Legend: Statistical
process control chart (c chart) of treatment-related harms per year. A special cause variation (eight
consecutive data points below the mean) is evident two years after the start of rollout of clinical risk
management. UCL, upper control limit; LCL, lower control limit. b. Development of treatment-related harms
before and after implementation of CRM Legend: Statistical process control chart (c chart) of treatment-
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related harms per year with recalculation of mean, upper and lower control limit after identi�cation of a
special cause variation. The number of adverse events from 2012 onwards shows no indication of a
special cause variation, which indicates a stable process. UCL, upper control limit; LCL, lower control limit.
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