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Abstract

Background: To benefit from the increasing clinical evidence, organisational changes have been among the main
drivers behind the reduction of ICU mortality during the last decade. Increasing demand, costs and complexity,
amplifies the need for optimisation of clinical processes and resource utilisation. Thus, multidisciplinary teamwork
and critical care processes needs to be adapted to profit from increased availability of human skill and technical
resources in a cost-effective manner. Inadequate clinical performance and outcome data compelled us to design a
quality improvement project to address current work processes and competence utilisation.

Methods: During revision period, clinical processes, professional performance and clinical competence were
targeted using “scientific production management methodology” approach. As part of the project, an intensivist
training program was instituted, and full time intensivist coverage was obtained in the process of creating multi-
professional teams, composed of certified intensivists, critical care nurses, assistant nurses, physiotherapists and
social counsellors. The use of staff resources and clinical work-processes were optimised in accordance with the
outcome of a “value stream mapping"”. In this process, efforts to enhance the personal dynamics and performance
within the teams were paramount. Clinical and economic outcome data were analysed during a seven year follow
up period.

Results: - Consecutive reduced overall ICU (24%) and long-term (600 days) mortality. The effect on ICU mortality
was especially pronounced in the subgroup of patients > 65 years (30%)

- Consecutive reduced length of stay (43%, septic patients) and time on ventilator (for septic patients and patients
> 65 years of age (23 resp.52%).

- Substantial increase in life years gained (13,140 life years) as well as quality-adjusted life-years (9593 QALY: s) over
the study period.

- High cost-effectiveness as ICU costs were reduced while patient outcomes were improved. Disregarding the cost
reduction in ICU, the intervention is highly cost effective with cost- effectiveness ratios of (75€/QALY) and (55€ / life year)

Conclusions: \We have shown favourable results of a QI project aiming to improve the clinical performance and quality
through the development of multi-professional interaction, teamwork and systematic revisions of work processes. The
economic evaluation shows that the intervention is highly cost-effective and potentially dominating.
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Background

During the past decades, intensive care has undergone a
rapid development, during which technological re-
sources as well as the body of scientific knowledge have
grown extensively, making critical care available to an
increasing number of patients with high comorbidity
and age [1-3]. This growing complexity of critical care,
including more pre-emptive activities, will amplify the
need for multidisciplinary involvement, and as a conse-
quence cross today’s professional boundaries [3, 4].
However, errors and diversions from Evidence Based
Medicine (EBM) guidelines are common and have been
shown to significantly contribute to increases in mortal-
ity, morbidity, length of stay (LOS) and the consumption
of economic resources [5]. Unless clinical critical care
and connected processes are adapted to profit from the
increased availability of human skill and technical
resources, it is unlikely the mere existence of these
resources would have any major influence on clinical
outcomes [1-4, 6, 7].

Despite encouraging results from pivotal studies on
the introductions of new drugs, equipment and therap-
ies, the major steps forward needed to implement new
knowledge into clinical practice have frequently been
accomplished through campaigns or programs targeting
organisational changes [6, 8—14]. To achieve this type of
change, a non-hierarchical, clinically oriented and enab-
ling leadership, able to manage change and competing
logics, has been recognised as crucial as it facilitates the
necessary transformation of the organisational culture
and enables staff to participate in the change process
[11, 15-23]. This implies adjustments in resource alloca-
tion, organisation and training so that adequate compe-
tence is accessible both in quality and in sufficient
numbers (24 h/7d) in relation to caseload and clinical
demands [1, 4, 24].

This paper describes a quality improvement (QI)
process in an ICU, highlighting its clinical and economic
outcomes. The incentive for the intervention was experi-
enced quality and outcome-related problems, displayed
in the national critical care registry. Benchmark data
from the registry regarding items such as mortality,
long-term outcome, time to interventions, and compli-
cations were found unfavourable in comparison with
national data. Biannual work environment audits and
analysis of unit incident reporting, also showed recurrent
evidence of inconsistent compliance with EBM guide-
lines and a prolonged clinical decision process emanat-
ing from organisational and competence issues. Also
evident in the reporting was an unfavourable staffing
situation with diffuse and informal physician leadership,
thus impairing collaboration with experienced nursing
staff and supervision of clinical proceedings, all with the
potential to affect patient safety.
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One of the units main problems in performing
team-based EBM care was that the physicians were not a
part of the ICU staff and that their staffing and work
hours were not compliant with the organisational needs
of the unit, thus impairing 24 h/7d care and the execu-
tion of multi-professional teamwork. Previously, phys-
ician staffing models with a daytime workforce and a
reduced night shift staff, consisting of mainly non-inten-
sivists, during off hours has been suggested to be aban-
doned in favour of a 24 h/7d intensivist supervised care
and “high-intensity staffing” organised in multidisciplin-
ary teams [1, 4, 25, 26].

The aim of the intervention was to improve quality
and outcome, ability to perform EBM critical care with
24 h/7d capacity and to improve patient safety. To
accomplish this, a need for reorganisation of the clinical
work and implementation of team-based care were
identified as key strategies. This study aims to establish
the clinical and economic effects of the organizational
intervention.

Methods

All clinical activities and organisational structures were
analysed and revised during a two-year period (2006—
2007) with particular focus on process control. The
revision was driven by a designated task force containing
representatives from all ICU professions. The items to
address emanated from the results produced in multiple
“all staff” seminars and subsequent workgroups during
2006—2007 (Table 1). For a thorough description of this
process we refer to recent publication (19). During the
phase of analysis and revision of the ICU process (2006—
2007), no interventions or alterations in the clinical
practice or organisation of the ICU were performed. As
a result of the preparatory work done during 2006—
2007, a revised workflow and organisational change,
aiming to secure ability and capacity to deliver EBM crit-
ical care 24 h/7d was implemented in the ICU in January
2008. The workflow analysis resulted in a change process
that contained the following interventions, schematically
described in Fig. 1:

e Synchronisation of clinical work and schedules into
a common workflow.
All clinical activities performed by the different
participating professional groups were described and
organised in a common coherent workflow. In this
flow, identified “waste” in the value stream mapping
(VSM) such as waiting times, recurrent errors,
equipment failures or incapacities, lack of staff
capacity or competence, conflicting demand
situations etc. were acted upon and eliminated. All
value adding activities, such as hard limits for
reporting, round-times, documentation etc. were
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amplified and timely organised with reference to the
agreed process end and time points defined in the
VSM.

The creation and implementation of multi-
professional teams

Instead of different professions working in parallel
tracks, all ICU staff were integrated in teams
consisting of physicians, nurses, assistant nurses,
physiotherapists and social counsellors. To achieve
this, working schedules were synchronised for all
staff to enable common hand-over procedures and
staff continuity. The teams performed as a unit and
uniform procedures for team performance such as
“sign in, time out, SBAR reporting, checklists” etc.
were implemented. Contacts between the team and
the referral clinicians were also enhanced and de-
fined in the VSM.

Coaching and enhancement of team work.

During the preparatory work and the
implementation-process substantial work were done
to train awareness and competence in team dynam-
ics and development. Supported by external consul-
tants, this was maintained in recurrent seminars
during the study period to strengthen “culture” de-
velopment and commitment.

Institution of an Intensive Care fellowship.

To ensure adequate physician competence, a two-
year fellowship in Intensive Care was instituted. This
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included the clinical training program instituted by
the Scandinavian Society for Anaesthesia and Inten-
sive Care (SSAI) and was extended by a mandatory
scientific project, a 3 month rotation to a foreign
university ICU and a course in personalised leader-
ship and management. Mandatory for graduation as
Intensivist was successful examinations for the Euro-
pean Diploma of Intensive Care (EDIC part [ and
1D).

Institution of full time Intensivist managed care

(24 h/7d)

Fully integrated intensivist and paramedical
(physiotherapist, Social counsellor) staff in the
nursing team.

The previous team consisting of CCN and assistant
nurses were reinforced with Intensivist and
paramedic staff.

The introduction of multidisciplinary rounds

All patients were discussed at a daily 30 min
conference with participants from all referral
specialities as well as from the teams. This provided
a concrete opportunity for clinical decision-making,
consensus on planning and priorities and for
education.

Repetitive clinical and managerial audits.

Repetitive audits were conducted in parallel with
current monitoring of unit performance. These were
done by the ICU management, reinforced by the

Table 1 Temporal description of the QI process and a description of the components

Main objectives

Phase 1 2006 Trust,
values and objectives

Phase 2 2007-2008
Learning organization

Phase 3 2008-2009
Team development

Phase 4 2009 Shared
management

Intervention

Education/ training 2 days training of designated VSM
taskforce and nine one day seminars

Value Stream
map (VSM)

Continuous
improvement &
visual management

Work redesign

Teamwork

with the whole staff and

the creation

of workgroups. Follow ups in monthly
discussions in the work groups.

“Transformal leadership”
all clinical managers led
consultants.

training with
by external

Improvement suggestions and
projects resulting from the seminars
were edited for use in phase 2.

Institution of fellowships
education of intensivists.

for the

Implementation of “transformal

leadership”.

Training of the VSM

taskforce in methodology,

scooping and workflow.

Executed by the VSM
taskforce

Feedback and results after
the implementation were

discussed with all staff at
four seminars.

New improvement tasks
were distributed.

Outcome of VSM and
new workflow presented
to all staff at four

implementation meetings.

Multiprofessional teams
were instituted.

Data from audits and unit
performance discussed and
processed at one day seminars
with all staff.

Additional overnight seminar
with physicians.

Coached by external consultants.

Internal and external working
environment audits.
Reporting of clinical and
economical performance.

Revision of the previous VSM
according to achieved results
and feedback from seminars
and audits.

Expansion of the team with
paramedic staff. Seminars on
individual contribution and
group dynamics.

Training of clinical
managers in working
in a process orientated
organisation.

Internal and external
working environment
audits.

Reporting of of clinical
and economical
performance.

Re-distribution and
re- interpreting of
formal mandates,
leadership and
responsibilities.
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unit’s economist and HR personnel. The results were
available on line for the ICU staff and presented to
referral specialities and hospital administration at

4 month intervals.

Design
Retrospective single-centre quality improvement study.

Setting
A 12-bed mixed ICU in a 600-bed tertiary teaching hos-
pital in southern Sweden.

Clinical staff: 16 physicians (10 Intensivists, 6 Anaes-
thetists in intensivist training programs), 90 ICU nurses
(CCN), 90 assistant nurses, two physiotherapists and
one social counsellor.

Target population
Adult ICU patients, 18—-89 years of age consecutively
admitted to the ICU in 2008—2014.

Target process
We defined the study process as all clinical activities
conducted during a 24 h period in the ICU.

Scientific production management

During the process analysis and revision of the unit’s
workflow, scientific production management method-
ology was used [27-29]. This concept utilises a flow
directed approach to process analysis described as
“Value Stream Mapping” (VSM), targeting a designated
work process. The central methodological issue is to
identify the “value adding activities” in the targeted work
flow and consequently, to separate these from those not
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adding value to the process (waste). The waste items are
categorised and analysed in 7 separate domains which
are [14]: 1) Waiting, 2) Transport, 3) Over processing, 4)
Inventory, 5) Motion, 6) Defects, and 7) Talent waste.

The first step in the development of a VSM is to
describe all the activities conducted during the defined
timeframe and to organise these chronologically. From
this chronologically organised workflow, the “value
adding activities”, clinical endpoints and “delivery dead-
lines” are identified. The “present situation” is then
concluded by the identification of “waste” items. From
this, a revision of the flow is conducted to describe an
alternative “desired situation” and the items, actions and
methods necessary for a successful revision. During
the revision of the present workflow the “waste” iden-
tified in the VSM is addressed by a root cause ana-
lysis leading to suggested actions for improvement.
The process is finally concluded with a plan for im-
plementation (Fig. 1).

Flow oriented working process

A program for organisational change was developed
using the method of scientific production management
as described above [19]. The program went fully oper-
ational and was introduced into clinical practice in 2008.
The change process was driven by a multi-professional
task force who received training in scientific production
management. At the initiation of the change process,
seminars with all staff were conducted where shared
values and ethics were discussed and areas for improve-
ment were identified. The task force then performed a
VSM analysis of the total ICU 24 h workflow and
outlined a new flow- adapted organisation focused on

2006 —

Describing
present flow

Identifying

non value

value adding
activities

Identifying
process
endpoints

adding activities

Identifying
process
deadlines

Formulating

Items to be

Adressing non-

value adding
activities

desired flow
identified

Root -cause
" —»]
analysis

Implementation
actions

2007

Implementation plan

Communication plan

Fig. 1 Schematic graphics of the Value Flow Mapping

adressed to obtain

)

desired
flow

Actions for obtaining

desired flow
identified

2008

Deadlines for implementation and
start of operations.
Scheduled follow up reporting

Desired flow
presentation

v
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optimising ability and capacity to deliver EBM critical
care 24 h/7d. To obtain adequate competence, physician
participation and to facilitate teamwork, a two-year pro-
gram for physician subspecialisation in intensive care
(fellowship) was instituted in 2006 and physician staffing
was altered from Anaesthetists on rotations and night
shifts to full-time, in house, ICU physicians on a 24 h/7d
basis by the time when the program went clinically oper-
ational in 2008.

Also in 2008, the traditional physician two-shift sched-
ule was abandoned and replaced with a three-shift
model where handover times were synchronised with
the rest of the team. The number of nursing staff/
physicians per shift was set according to the antici-
pated clinical workload and identified tasks defined in
the VSM.

The implementation process was followed up by
repetitive audits with all staff throughout the study
period. One minor revision of the original VSM con-
cerning round times and the multidisciplinary round
was made in the beginning of 2009 in accordance
with the audits. Besides from this, no further inter-
ventions were done during the study period. The pro-
gress of the unit was recorded in terms of patient
outcome and economic results. The principal steps of
the process are outlined in Table 1.

Ethical considerations

All clinical data were anonymously collected and there
were no possibilities to identify individual patients in the
dataset. All treatments were performed in compliance
with standard evidence-based clinical practice and at the
discretion of the treating physician.

At admittance, all patients and their relatives were
informed, verbally and in writing, that during the ICU
stay, clinical data were continuously recorded and re-
ported to regional and national ICU databases. This is a
standard, nationally agreed procedure for performance
and quality monitoring and part of normal ICU rou-
tines. The information also pointed out that given
consent to this data retrieval was voluntary and could
be withdrawn at any time. In that case, all data would
be erased.

According to Swedish law, ethical approval is not
required for QI-projects and monitoring of normal clin-
ical practice [30].

Data collection

Clinical performance and outcome data were prospect-
ively collected from the regional ICU database (Patient
Administrative System Intensive Care, PASIVA) and the
hospital detailed accounting system. Patient characteris-
tics were obtained from the PASIVA system and
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included age, gender, cause of admittance and Simplified
Acute Physiology Score (SAPS III).
The data collection was organised in two specific groups:

e Clinical outcome data
e Health economic data

Clinical outcome data

Primary outcomes: ICU mortality, 30-day mortality and
Kaplan-Meier estimates of mortality with a follow-up
period of 20 months after ICU admittance.

Secondary outcomes: Length of ICU stay (LOS) and
time on ventilator.

Health economic evaluation

We estimated the cost of the intervention by listing the
number of hours the different categories of personnel
worked with implementation or upkeep of the interven-
tion. This information was collected during the interven-
tion. Work hours were valued according to the average
cost to the employer for employing a person from each
personnel category, operationalised as salary including
taxes and social contributions. This information was
taken from Statistics Sweden [31] and Ekonomifakta
[32]. Data for estimating ICU costs were obtained from
the hospital’s detailed accounting system.

All costs are discounted at 3% and presented in the
price level of 2014 using the Swedish consumer price
index [33]. All costs are presented as Euro using the
2014 exchange rate of €1 = 9.0968 SEK.

The outcome of the intervention was measured in
terms of life years gained (LYG) and quality-adjusted life
years gained (QALY). For life years gained (LYG), we
estimated the age- and gender-specific life expectancy
for ICU survivors using the data from the 2010 Swedish
life expectancy tables [34]. To obtain net LYG, the
amount of yearly LYG was multiplied with the result of
the annually calculated Kaplan-Meier estimates of ICU
one-year survival. This data was obtained using survival
data from the regional ICU database (PASIVA). The
quality-adjusted life years of ICU survivors (QALYs)
were obtained by multiplying net LYG by a previously
established utility weight of 0.73 for ICU survivors [35].
The effects were not discounted.

We estimated the cost-effectiveness of the intervention,
from a healthcare perspective, using the situation in 2008
as the alternative in absence of the intervention. The cost
of the intervention compared to the incremental gain in
life years and QALY over the study period was then
calculated. In a sensitivity analysis, we included the incre-
mental cost of the ICU over the study period (excluding
the cost of the intervention to avoid double counting).
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Statistical analysis

Descriptive statistics were made with Microsoft Excel
(2010) and QlikView (QlikView 11). Student’s t-test was
used to compare differences between years regarding
length of stay and time on ventilator due to the large
sample. Kaplan-Meier was used for analysis of survival.
These tests were made with SPSS version 22 (IBM Corp.
Released 2013. IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY: IBM Corp). An online
Chi-square Calculator (http://www.socscistatistics.com/
tests/chisquare/Default2.aspx) was used to analyse differ-
ences between years regarding changes in group sizes.

Results

Demographics

During the study period (2008-2014), a total of 5950
patients were included in the follow-up. Over the study
period there was a 19% increase in the number of ICU pa-
tients with the increase predominantly in patients > 65 years
(p <0,05). In the total population, the proportion of female
patients increased over the study period (p<0,05). The
increase in total caseload was mainly due to a significant
increase in septic patients (p <0,01) (Table 2) while the
distribution of remaining admitting diagnoses remained un-
changed (Fig. 2). The case load severity/patient (SAPS III
score/ patient) showed no significant alterations over the
study period (Table 2).

Length of stay (LOS)
During the study period, ICU length of stay (LOS)
decreased in the overall population (ns). Among septic
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patients, there was a significantly reduced LOS (p < 0.01)
(Table 2).

Time on ventilator

There was an increase in the number of ventilator
treated patients over the study period with a predomin-
ance for the age group 20-65 (p < 0.05), who also con-
tributed the most to the overall reduction in ventilator
time. However, during the study period, there was a
significant reduction in ventilator time in the total popu-
lation (p<0.01). Among the septic population, this
reduction in ventilator time was even more pronounced
(p <0.01) (Table 2).

Mortality
During the period 2008-2014, there was a decreased
ICU mortality in the total patient population (p <0.01)
and almost a 50% reduction in the subgroup of patients
more than 65 years of age (p <0.01). 30d mortality de-
creased slightly during the study period (ns) (Table 2).
Extended follow-up over 20 months (600d) showed
a remaining improved survival in the total population
(p < 0,003) 2008-2014 (Fig. 3).

Health economics

During the study period (2008-2014), the net yearly
ICU cost remained rather stable although with a down-
ward trend (€12.9 million +/- 1.0 in the price level of
2014, see Table 3). The cost of the intervention over the
study period amounted to €0.7 million (Table 4). Regard-
ing costs, 45% of the cost is related to preparatory work
previous to the intervention in 2006-2008 and the

200

Number of patients
N
Q
g

g

50

2008

Year

P

Diagnosis:
= Cardiovascular
= Respiration

Bleeding

Sepsis

2014

Fig. 2 Frequency of diagnoses 2008 and 2014, grouped by major area



http://www.socscistatistics.com/tests/chisquare/Default2.aspx
http://www.socscistatistics.com/tests/chisquare/Default2.aspx

Ersson et al. BMC Health Services Research

(2018) 18:838

Table 2 Descriptive results of the ICU patients and statistically tested changes
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Admittance Year Parameter 2008 2009 2010 2011 2012 2013 2014 Change 2008 vs  p (n.s.=non
n (%) n (%) n (%) n (%) n (%) n (%) n (%) 2014 n (%) significant)

No of patients 768 814 905 847 836 866 914 146 (19.0) ns.

—-19 years of age 26 (34) 33 (4.1) 30(33) 24 (2.8) 23 (2.8) 25 (2.9) 19 (2.1) -7 (=269) ns.

20-64 years of age 379 (49.3) 367 (45.1) 416 (46.0) 384 (453) 340 (40.7) 395 (45.6) 419 (45.8) 40 (10.6) ns.

> 65 years of age 363 (47.3) 414 (50.9) 459 (50.7) 439 (51.8) 473 (56.6) 446 (51.5) 476 (52.1) 113 (31.1) <0.05

Female 282 (37.7) 331(40.7) 383 (42.3) 366 (432) 361 (432) 352 (406) 382 (41.8) 100 (35.5) <0.05
Septic diagnosis n(%) 61 (7.9) 79 (9.7) 69 (7.6) 76 (9.0) 82 (9.8) 3(11.9) 103 (11.3) 42 (68.9) <001
Case Severity (SAPS lll/patient) 342 323 317 334 335 313 326 -16 (-4.7) n.s.

Septic patients 56.6 57.1 56.3 575 56.8 51.1 56.4 -0.2 (—04) ns.
Length of stay (LOS) average days 3.2 3.1 2.8 33 28 29 28 —04 (=12.5) ns.

Septic patients 79 5.7 5.8 57 538 4.0 4.5 —34 (-43.0) <001
Ventilator treatment, n of patients 467 (60.8) 472 (58.0) 519 (57.3) 7(61.0) 524 (62.7) 565 (65.2) 591 (64.7) 124 (26.6) ns.

20-65 years of age 218 (57.5) 206 (56.1) 230 (55.3) 223 (58.1) 204 (60.0) 254 (64.3) 277 (66.1) 59 (27.1) <0.05
Time on ventilator (average days) 2.2 19 1.7 22 18 1.8 1.7 -0.5 (-22.7) <001

Septic patients 6.4 40 43 40 46 2.8 3.1 —-33(=516) <001
Mortality

ICU 90 (11.7)  89(109) 91 (10.1) 82(97) 86 (103" 75(87) 68 (74) —22 (=24.4) <001

> 65 years of age 61(168) 63 (152) 63(137) 57(130) 57 (12.1)* 50(112) 43 (9.0) —18 (=29.5) <001

30-days 167 (21.7) 172 (21.1) 188 (20.8) 177 (209) 186 (22.2)° 168 (194) 182 (199) 15 (9.0) ns.

2 Data during this period are influenced by a temporary relocation of the ICU services

remaining related to intervention upkeep 2009-2014
(Tables 1, 4). The average yearly cost of upkeep sums to
€66,373. The number of LYG and QALY, produced dur-
ing the study period, increased by 21%, respectively,
compared to 2008. This resulted in an incremental
effectiveness of the intervention of 9600 QALY over the
study period (Table 4). The cost-effectiveness ratio thus
sums to €75 per QALY gained or €55 per life year gained
(Table 5). If we also include the cost of the ICU and not
only the cost of the intervention, the intervention is
found to be both cheaper and better in terms of number
of QALY produced compared to 2008, i.e. the interven-
tion is dominating.

Discussion

In this paper, we show enhanced ICU performance and
outcome after implementation of a quality improvement
program in a university general ICU.

ICU-mortality was significantly reduced for all age
groups. The survival benefit seemed to have been estab-
lished during the time in the ICU, since both 30-d
mortality and long term outcome only showed minor
further reductions after discharge from the ICU (Fig. 3).
We suggest that this observation could be interpreted as a
possible beneficial effect of the interventions. The benefi-
cial effects were most pronounced in septic patients and

in the expanding patient group > 65 years of age. These
groups made up most of the increase in caseload and also
seemed to have benefited the most in terms of improved
outcome, time on ventilator and LOS.

With regards to the characteristics of the interven-
tions, it is impossible to appreciate the single value or
impact of each item. Therefore, the results should be
evaluated in the light of the combined efforts. How-
ever, improvements in patient outcome and cost-ef-
fectiveness were progressively increasing over the
study period and in parallel with the interventions
made. The findings of our study are in line with the
results from previous studies where introduction of
intensivist staffing, development of multi-professional
teams and more thorough process control have been
shown beneficial [4, 19, 36].

Significant interventions in our study were to imple-
ment intensivist staffing 24 h/7d, to organise staff mem-
bers into multi-professional teams and to synchronise
working hours, intra-disciplinary collaboration and
assignments within the teams. These efforts comply with
the existing body of research, indicating that efforts to
ensure timely interventions, adherence to EBM guide-
lines and clinical process control have a significant
impact on clinical outcomes [2, 14, 25, 36, 37]. Orga-
nising the workforce in teams has also previously
been found to contribute to the improvement of
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clinical performance, enhance the appreciation of
shared goals and values and improve the working
environment [4, 16, 21, 23, 26].

Intensive care consumes substantial resources and its
costs are increasing [1, 6, 14, 24, 38]. Interventions in
the critical care services are likely to generate economic
results further along in the healthcare chain rather than
during the stay in the ICU. Therefore, improvement
undertakings, like the ones described in this paper,
should be executed in a cost-effective manner to motiv-
ate implementation. In our study, we were able to show
an increase in produced QALY and LYG paralleled by a
subsequent cost reduction during the observation
period. The improved outcome and, in particular, the

Table 3 Total ICU cost excluding cost related to the intervention (€)

Year ICU cost (millions)
2007 139
2008 129
2009 135
2010 12.0
2011 122
2012 13.0
2013 134
2014 12.1

outcome results in the elderly and septic patient groups
paralleled with reduced ICU costs and mortality could
thus motivate the investment connected to improvement
projects in critical care.

If we include the effect on the cost of running the ICU
in the cost-effectiveness calculations, the intervention is
found to be dominating as it is both cheaper and better
in terms of gained QALY compared to the alternative
treatment situation. However, as it is difficult to establish
that the full reduction in ICU costs are due to the inter-
vention, our base case results take a conservative ap-
proach and exclude this possibility altogether. The
intervention is then found to be very cost-effective, with
a cost per QALY of €75. Although establishing an exact
valuation of a QALY is difficult, €75 per QALY is, by
any standard, extremely cost-effective. A cost per QALY
below €11,000 has been considered to constitute a low
cost in Sweden (i.e., to be highly cost-effective) [39].

These results comply with previous studies where im-
proved outcomes reduced incidence of complications and
enhanced resource utilisation have been related to im-
proved process control and enhanced adherence to EBM
guidelines in a cost-effective manner [6, 10, 11, 13, 40].

Strengths and weaknesses
As our intervention consisted of a series of composite
actions, it is difficult to value the contribution of one
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Table 4 Cost and effect of the intervention
2006 2007 2008 2009 2010 2011 2012 2013 2014 Total

Cost (€) 141,682 143,334 39,989 95,568 41,276 90,946 93,246 38,600 386007 723,241
LYG 15,947 16,879 18,878 17,753 16784° 18,393 20,133

Incremental LYG cmp to 2008 932 2931 1807 838° 2447 4186 13,140
QALY 11,641 12,322 13,781 12,960 12253° 13,427 14,697

Incremental QALY cmp to 2008 681 2140 1319 611° 1786 3056 9593

? The maintenance cost for 2014 is assumed to be the same as for 2013

P Data during this period are influenced by a temporary relocation of the ICU services

single intervention in relation to the achieved results.
The study describes a series of quality improvement
interventions in a single site and was not designed for
benchmark against other units. Because of this, and the
anticipated difficulties in finding a well matched control
site with identical case mix and organisation, all compar-
isons were done against own data generated during the
study period with the 2008 outcome data serving as
baseline.

All data were generated in the normal process of unit
performance monitoring. Patient management was per-
formed according to current accepted EBM procedures
and at the discretion of the treating physician, who was
not involved in the follow-up or briefed on the results.

The single centre design might influence the
generalizability in a broader perspective or when applied
in a different setting. However, our interpretation of the
results is supported by recent systematic reviews and
reports. These have emphasised the positive role on
improved outcome as an effect of performance improve-
ment programs on adherence to treatment guidelines,
and enhanced capacity of performing early appropriate
interventions [14, 41, 42].

The follow up period was long and one might argue
that the clinical setting might have changed consider-
ably during that time. However, with the exception of
an increasing number of patients >65 years of age
and an increase in septic admissions, which rather
would have been expected to promote a detrimental
trajectory, the clinical characteristics and severity
score (SAPS III) in the total sample showed no sig-
nificant variation between the years indicating a stable
case-mix. Likewise, all other organisational, clinical
and staffing parameters remained unchanged during
the follow up period and thus we suggest that the
progressive  improvements in performance and

Table 5 Cost-effectiveness of the intervention (€)

Excluding ICU cost
Cost/QALY 2008-2014 75
Cost/life year 2008-2014 55

Including ICU cost

Intervention dominates

Intervention dominates

outcome seen during the study should be considered
as a result of the intervention.

During the last 9 months of 2011 the ICU was relo-
cated to a temporary facility. During that time, normal
operations were moderately restricted due to inadequate
facilities. Follow up on the patients admitted during that
time showed a negative development in clinical out-
come, a phenomenon previously reported by others in
connection with ICU relocations [9]. Thus, the ICU
outcome figures for 2011 / 2012 might have been nega-
tively influenced which should be considered in the
interpretation of the temporal development in costs and
mortality. However, this temporary loss of performance,
in our opinion, strengthens the previous discussion, as
the results seems to be highly sensitive to organisational
compliance.

Given the design of the study, we cannot be com-
pletely confident that the effects on health economics
found over time were fully due to the intervention. We
therefore also calculated the minimum number of QALY
required to be attributed to the intervention in order for
the intervention to remain highly cost-effective (using
the Swedish valuation of €11,000). Only 66 QALY, or
0.7% of the observed QALY gain, needed to be due to
the intervention for it to be highly cost-effective. Alter-
natively, given the estimated gain in QALY, the cost of
the intervention could be almost €105 million and still
remain highly cost-effective (to be compared to the actual
cost of € 0.7 million). We therefore find it convincing that
the intervention has been cost-effective from a healthcare
perspective and thus well worth implementing.

Conclusion

In this single centre study, we have shown favourable
outcome results of a QI project aiming to improve the
clinical performance and quality through the implemen-
tation of multi-professional interaction, teamwork and
revisions of work processes. The economic evaluation
shows that the intervention is highly cost-effective, a
conclusion that is robust in relation to uncertainties
concerning costs and effects.
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To further establish the value of the components of
enhanced process control in the ICU and enhance
generalisability of the results of this study, we suggest
further and more extensive research in this field, pref-
erably in a prospective multicentre controlled design,
preferably with special focus on septic and elderly
ICU patients.

Acknowledgements
We are thankful to the staff of the ICU for their work.

Funding
No extra funding existed for this study.

Availability of data and materials
Due to ethical concerns, supporting data cannot be made openly available.

Authors’ contributions

AE initiated the study and collected the data, AB analysed the clinical data
and JJ analysed the economic data. All authors contributed to the text. All
authors read and approved the final manuscript.

Ethics approval and consent to participate

According to Swedish law, ethical approval is not required for Ql-projects
and monitoring of normal clinical practice. However, this project was
performed according to ethical standard so that all clinical data were
anonymously collected and there were no possibilities to identify individual
patients in the dataset. All treatments were performed in compliance with
standard evidence-based clinical practice and at the discretion of the treat-
ing physician.

At admittance, all patients and their relatives were informed, verbally and in
writing, that during the ICU stay, clinical data were continuously recorded
and reported to regional and national ICU databases. This is a standard,
nationally agreed procedure for performance and quality monitoring and
part of normal ICU routines. The information also pointed out that given
consent to this data retrieval was voluntary and could be withdrawn at any
time. In that case, all data would be erased.

Consent for publication
Not applicable as not any details, images, or videos relating to an individual
person is presented.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Intensive Care and Perioperative medicine, Skane University
Hospital, Malmo, Sweden. 2Departmem of Clinical Sciences Malma, Family
Medicine, Lund University, Jan Waldenstréms gata 35, 205 02 Malmo,
Sweden. 3Departmem of Clinical Sciences Malma, Health Economics, Lund
University, Malmo, Sweden. “Department of Design Sciences, Faculty of
Engineering, Lund University, Lund, Sweden.

Received: 15 March 2018 Accepted: 24 October 2018
Published online: 07 November 2018

References

1. Costa DK, Kahn JM. Organizing critical care for the 21st century. Jama.
2016;315(8):751-2.

2. Weled BJ, Adzhigirey LA, Hodgman TM, Brilli RJ, Spevetz A, Kline AM,
Montgomery VL, Puri N, Tisherman SA, Vespa PM, et al. Critical care
delivery: the importance of process of care and ICU structure to
improved outcomes: an update from the American College of Critical
Care Medicine Task Force on models of critical care. Crit Care Med.
2015;43(7):1520-5.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Page 10 of 11

Vincent JL, Singer M, Marini JJ, Moreno R, Levy M, Matthay MA, Pinsky M,
Rhodes A, Ferguson ND, Evans T, et al. Thirty years of critical care medicine.
Crit Care. 2010;14(3):311.

Yoo EJ, Edwards JD, Dean ML, Dudley RA. Multidisciplinary critical care and
intensivist staffing: results of a statewide survey and association with
mortality. J Intensive Care Med. 2016;31(5):325-32.

Garrouste-Orgeas M, Timsit JF, Vesin A, Schwebel C, Arnodo P, Lefrant JY,
Souweine B, Tabah A, Charpentier J, Gontier O, et al. Selected medical errors
in the intensive care unit: results of the IATROREF study: parts | and IIl. Am J
Respir Crit Care Med. 2010;181(2):134-42.

Pronovost P, Needham D, Berenholtz S, Sinopoli D, Chu H, Cosgrove S,
Sexton B, Hyzy R, Welsh R, Roth G, et al. An intervention to decrease
catheter-related bloodstream infections in the ICU. N Engl J Med. 2006;
355(26):2725-32.

Takala J. Night-time intensivists—-waste of resources or failure of process
optimization? Crit Care. 2013;17(6):472.

Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen J, Gea-
Banacloche J, Keh D, Marshall JC, Parker MM, et al. Surviving Sepsis
campaign guidelines for management of severe sepsis and septic shock.
Intensive Care Med. 2004;30(4):536-55.

Flaatten H. Effects of a major structural change to the intensive care unit
on the quality and outcome after intensive care. Qual Saf Health Care.
2005;14(4):270-2.

Netzer G, Liu X, Shanholtz C, Harris A, Verceles A, lwashyna TJ. Decreased
mortality resulting from a multicomponent intervention in a tertiary care
medical intensive care unit. Crit Care Med. 2011;39(2):284-93.

Noritomi DT, Ranzani OT, Monteiro MB, Ferreira EM, Santos SR, Leibel F,
Machado FR. Implementation of a multifaceted sepsis education program in
an emerging country setting: clinical outcomes and cost-effectiveness in a
long-term follow-up study. Intensive Care Med. 2014;40(2):182-91.

Sebat F, Johnson D, Musthafa AA, Watnik M, Moore S, Henry K, Saari M. A
multidisciplinary community hospital program for early and rapid
resuscitation of shock in nontrauma patients. Chest. 2005;127(5):1729-43.
Suarez D, Ferrer R, Artigas A, Azkarate |, Garnacho-Montero J, Goma G, Levy
MM, Ruiz JC. Cost-effectiveness of the surviving Sepsis campaign protocol
for severe sepsis: a prospective nation-wide study in Spain. Intensive Care
Med. 2011;37(3):444-52.

van der Sluijs AF, van Slobbe-Bijlsma ER, Chick SE, Vroom MB, Dongelmans DA,
Vlaar AP. The impact of changes in intensive care organization on patient
outcome and cost-effectiveness-a narrative review. J Intensive Care. 2017,5:13.
Badthe F, Norbdck L. Engaging physicians in organisational improvement
work. J Health Organ Manag. 2013,27(4):479-97.

Choi S. Competing logics in hospital mergers - the case of the Karolinska
University hospital. Stockholm: Karolinska Institutet; 2011.

CoBaTr ICEC. The views of patients and relatives of what makes a good
intensivist: a European survey. Intensive Care Med. 2007;33(11):1913-20.
Dixon-Woods M, Bosk CL, Aveling EL, Goeschel CA, Pronovost PJ. Explaining
Michigan: developing an ex post theory of a quality improvement program.
Milbank Q. 2011;89(2):167-205.

Erlingsdottir G, Ersson A, Borell J, Rydenfalt C. Driving for successful change
processes in healthcare by putting staff at the wheel. J Health Organ
Manag. 2018;32(1):69-84.

Fuchs RJ, Berenholtz SM, Dorman T. Do intensivists in ICU improve
outcome? Best Pract Res Clin Anaesthesiol. 2005;19(1):125-35.

Gallesio AO. Improving quality and safety in the ICU: a challenge for the
next years. Curr Opin Crit Care. 2008;14(6):700-7.

Lifvergren S. Quality improvement in heath care. Goteborg: Chalmers
University of Technology; 2013.

Wheelan SA, Burchill CN, Tilin F. The link between teamwork and patients'
outcomes in intensive care units. Am J Crit Care. 2003;12(6):527-34.

Gooch RA, Kahn JM. ICU bed supply, utilization, and health care spending:
an example of demand elasticity. Jama. 2014;311(6):567-8.

Hobson C, Bihorac A. Critical care delivery and ICU structure-the elephant in
the room. Crit Care Med. 2015;43(12):e590-1.

Kim MM, Barnato AE, Angus DC, Fleisher LA, Kahn JM. The effect of
multidisciplinary care teams on intensive care unit mortality. Arch Intern
Med. 2010;170(4):369-76.

Liker J. The Toyota way : 14 management principles from the world's
greatest manufacturer. New York: McGraw-Hill; 2004.

Ohno T. Toyota production system: beyond large-scale production.
Cambridge, Mass: Productivity Press; 1988.



Ersson et al. BMC Health Services Research

29.
30.

31

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

(2018) 18:838

Varkey P, Reller MK, Resar RK. Basics of quality improvement in health care.
Mayo Clin Proc. 2007,82(6):735-9.

Personuppygiftslag. In: Riksdag S, editor. 1998:204. Stocholm:
Justitiedepartementet; 1998.

Sweden S. Genomsnittlig manadslon och grundién inom
landstingskommunal sektor efter yrke SSYK, &lder och kon. Ar 2000-2013.
Stocholm: Statistics Sweden. Accessed Feb-Mar 2018.

Sociala avgifter 6ver tid [https://www.ekonomifakta.se/Fakta/Skatter/Skatt-
pa-arbete/Sociala-avgifter-over-tid/].

Consumer Price Index [http://www.scb.se/en/finding-statistics/statistics-by-
subject-area/prices-and-consumption/consumer-price-index/consumer-
price-index-cpi/].

Sweden S. Aterstdende medellivslangd efter kon och &lder. Prognosar
2013-2110. Stocholm: Statistics Sweden. Accessed Feb-Mar 2018.

Vainiola T, Roine RP, Pettila V, Kantola T, Rasanen P, Sintonen H. Effect of
health-related quality-of-life instrument and quality-adjusted life year
calculation method on the number of life years gained in the critical care
setting. Value Health. 2011;14(8):1130-4.

Brilli RJ, Spevetz A, Branson RD, Campbell GM, Cohen H, Dasta JF, Harvey
MA, Kelley MA, Kelly KM, Rudis MI, et al. Critical care delivery in the intensive
care unit: defining clinical roles and the best practice model. Crit Care Med.
2001;29(10):2007-19.

Wheeler DS, Weled BJ. The authors reply. Crit Care Med. 2015;43(12):591-2.
McLaughlin AM, Hardt J, Canavan JB, Donnelly MB. Determining the
economic cost of ICU treatment: a prospective “micro-costing” study.
Intensive Care Med. 2009;35(12):2135-40.

Eckard N, Janzon M, Levin LA. Use of cost-effectiveness data in priority
setting decisions: experiences from the national guidelines for heart
diseases in Sweden. Int J Health Policy Manage. 2014;3(6):323-32.

Jones AE, Troyer JL, Kline JA. Cost-effectiveness of an emergency
department-based early sepsis resuscitation protocol. Crit Care Med. 2011;
39(6):1306-12.

Damiani E, Donati A, Serafini G, Rinaldi L, Adrario E, Pelaia P, Busani S,
Girardis M. Effect of performance improvement programs on compliance
with sepsis bundles and mortality: a systematic review and meta-analysis of
observational studies. PLoS One. 2015;10(5):e0125827.

Schorr CA, Zanotti S, Dellinger RP. Severe sepsis and septic shock:
management and performance improvement. Virulence. 2014;5(1):190-9.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.ekonomifakta.se/Fakta/Skatter/Skatt-pa-arbete/Sociala-avgifter-over-tid/
https://www.ekonomifakta.se/Fakta/Skatter/Skatt-pa-arbete/Sociala-avgifter-over-tid/
http://www.scb.se/en/finding-statistics/statistics-by-subject-area/prices-and-consumption/consumer-price-index/consumer-price-index-cpi/
http://www.scb.se/en/finding-statistics/statistics-by-subject-area/prices-and-consumption/consumer-price-index/consumer-price-index-cpi/
http://www.scb.se/en/finding-statistics/statistics-by-subject-area/prices-and-consumption/consumer-price-index/consumer-price-index-cpi/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Design
	Setting
	Target population
	Target process
	Scientific production management
	Flow oriented working process
	Ethical considerations
	Data collection
	Clinical outcome data
	Health economic evaluation
	Statistical analysis

	Results
	Demographics
	Length of stay (LOS)
	Time on ventilator
	Mortality
	Health economics


	Discussion
	Strengths and weaknesses

	Conclusion
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

