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Executive summary
The trend to digitize acute care is rapidly growing worldwide, as healthcare 

systems struggle with increasing chronic conditions, reduced availability of expert 

clinicians, and financial constraints. We survey studies over the last two decades, 

showing how digitization has become essential for healthcare systems to improve 

efficiencies, connectivity and learning from their data for continuous improvement.

The effect on improved documentation is detailed- 

highlighting the improvement in data quality, reporting, 

utilizing analytics, and providing baselines. This leads to a 

reduction of errors, especially medication errors and adverse 

events. It is also combined with a reduction in time spent 

documenting, and an improvement of clinical workflows, 

especially covering patient admission and shift transition. 

The clinical outcomes affected are related to the reduction 

of errors, ventilation support, and the improved diagnosis 

and triage of patients. Furthermore, clinical decision support 

is now a major tool that utilizes digitized acute care systems. 

Based on existing guidelines and machine learning studies, 

it has shown clear benefits in allowing clinicians to detect 

deterioration earlier, highlight therapy options, and triage 

patient groups. This has led to a reduced length of stay, 

reducing unnecessary treatments, and interventions. Many of 

these clinical and operational outcomes can be translated to 

financial benefits with patients being given the right level of 

care at the right moment in time.* The next frontier will be the 

integration of smart clinical decision support systems using 

artificial intelligence (AI) to make healthcare more predictive 

and reduce the costs of several debilitating conditions. 

Healthcare digitization worldwide:  
trends and challenges
Healthcare around the world is facing important 

challenges as both healthcare systems and governments 

are aiming to improve patient care while reducing costs 

and optimizing resources. There is a growing demand for 

improved access and affordability, as countries have to 

face increased disease prevalence, ageing populations, 

inefficiencies in care, hospital overcrowding, and 

constraints on healthcare workforce.1 In terms of data 

management and information systems, several important 

trends are affecting healthcare systems:2

1. Moving from paper based to computer based systems

2. Moving from local to global information systems, 

connecting departments (radiology, intensive care, etc.) 

to hospitals and even systems across countries. Hospital 

consolidation, requiring common IT infrastructures, is 

also an important trend, especially in Europe and the US. 

3. Outcome improvement based on data. This applies to 

clinical and financial outcomes combined with patient 

and family satisfaction. 

4. The need for transparency, which is essential for 

improved quality and reduced costs, especially with 

healthcare becoming more regulated. 

5. Increased focus on data security, privacy, and ownership. 

6. Research based on data, leading to knowledge discovery, 

the creation of new protocols and guidelines, as well as 

the creation of baseline performance targets. 

7. Augmenting numerical with more complex data types, 

combining imaging, clinical notes, patient history, and 

more recently novel genomic/proteomic data. This multi-

faceted view of patient data has led to more patient-

centered and personalized decision making. 

In many markets, digitization has been instrumental in 

addressing these challenges, leading to a growing trend 

in healthcare IT. Digital technology has the potential to 

transform the way patients engage with services, improve 

the efficiency and coordination of care, and support people 

to manage their health and wellbeing.3
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Adoption of digitized healthcare in di�erent countries

USA 

• The proportion of American hospitals 
with an electronic health record (EHR) 
has grown eight-fold from 9% in 2008 
to 76% in 2014.4

• EHRs have also gained federal 
funding and support: The government 
has given $6.5 billion in incentives 
(2012) and launched the Health 
Information Technology for Economic 
and Clinical Health (HITECH) Act to 
motivate the implementation of EHRs. 

• Increased funding for digital startups 
in the US healthcare market, 
exceeding $23 B in 2018.5

• The proliferation of healthcare IT 
systems did not directly translate to 
savings and improved results; with a 
large variation between hospitals 
across the US. 

The United Kingdom7

• Adoption rates of EHRs are also high 
at around 90%. More than 50% of 
providers to invest in data sharing by 
2020.

• However, beyond primary care, digital 
systems are diverse and fragmented. 
Acute trusts are less digitized, and 
they are less able to share information 
digitally.3

China1

• Fragmented healthcare systems 
where a major problem is the lack of 
interoperability.

• Dominated by local vendors.

• Uneven IT development, with tier I 
cities quite developed and poor 
infrastructure in rural areas. Leading 
cities, including Beijing and Fujian, are 
investing in regional healthcare 
information exchange systems. 

France6

• High healthcare IT adoption with 
approximately 90% of healthcare 
providers having an EHR. Growth in 
hospital IT budgets since 2015 
estimated at 20%. 

• However, only 15% of hospitals share 
data beyond their network.

• Decreasing number of hospitals 
(-2.6%), and general care practitioners 
(-8%) between 2007 and 2017.

India1

• Public expenditure in healthcare is 
generally low leading to decreased IT 
adoption in the public sector. 

• Generally, paper based systems. 

• Legislative gaps in digital healthcare 
with a lack of standardization; despite 
recent government initiatives. 

Australia8

• The government established the 
Australian Digital Health Agency in 
2016 to create a national platform for 
digitized heath data- My Health 
Record, a 16-year $2B project that had 
technical glitches, and continues to 
have ongoing privacy and security 
issues. This has led more than 1 million 
people to opt out. 

• De�cit in the number of health 
workforce (nurses and doctors)

• 50% of Australians have at least one 
chronic condition.

Despite a rising trend, we are still far away from digitized healthcare 
achieving its full potential around the world. 
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The effect on improved documentation is detailed- high-

lighting the improvement in data quality, reporting, utilizing 

analytics, and providing baselines. This leads to a reduction 

of errors, especially medication errors and adverse events. It is 

also combined with a reduction in time spent document-

ing, and an improvement of clinical workflows, especially 

covering patient admission and shift transition. The clinical 

outcomes affected are related to the reduction of errors, 

ventilation support, and the improved diagnosis and triage 

of patients. Furthermore, clinical decision support is now a 

major tool that utilizes digitized acute care systems. 

Digitization of the bedside—which can help clinicians to detect 

deterioration earlier, highlight therapy options and triage 

patient groups—has been shown to reduce the length of stay 

and reduce the number of unnecessary treatments  

and interventions. Many of these clinical and operational 

outcomes can be translated to financial benefits with patients 

being given the right level of care at the right moment in time.* 

The next frontier will be the integration of smart clinical  

decision support systems using artificial intelligence (AI) to 

make healthcare more predictive and reduce the costs of  

several debilitating conditions. 

Finally, a platform approach can help to connect data  

across care settings. Platform solutions offer predictable  

costs, security and data privacy support, fast adoption of  

innovations, and workflow enhancements. 

Healthcare digitization worldwide:  
trends and challenges
Healthcare around the world is facing important  

challenges as both healthcare systems and governments 

are aiming to improve patient care while reducing costs 

and optimizing resources. There is a growing demand for 

improved access and affordability, as countries have to 

face increased disease prevalence, ageing populations,  

inefficiencies in care, hospital overcrowding, and constraints 

on healthcare workforce.1 In terms of data management 

and information systems, several important trends are  

affecting healthcare systems:2

1. Moving from paper based to computer based systems

2. Moving from local to global information systems,  

 connecting departments (radiology, intensive care, etc.) 

  to hospitals and even systems across countries. Hospital  

 consolidation, requiring common IT infrastructures, is also 

  an important trend, especially in Europe and the US. 

3. Outcome improvement based on data. This applies to 

 clinical and financial outcomes combined with patient 

 and family satisfaction. 

4. The need for transparency, which is essential for  

 improved quality and reduced costs, especially with  

 healthcare becoming more regulated. 

5. Increased focus on data security, privacy, and ownership. 

6. Research based on data, leading to knowledge discovery, 

 the creation of new protocols and guidelines, as well  

 as the creation of baseline performance targets. 

7. Augmenting numerical with more complex data types, 

  combining imaging, clinical notes, patient history, and 

  more recently novel genomic/proteomic data. This  

 multi-faceted view of patient data has led to more  

 patient-centered and personalized decision making. 

In many markets, digitization has been instrumental in  

addressing these challenges, leading to a growing trend  

in healthcare IT. Digital technology has the potential to 

transform the way patients engage with services, improve 

the efficiency and coordination of care, and support  

people to manage their health and wellbeing.3
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The map shown on the previous page highlights several of 

the trends in digitizing healthcare worldwide. The following 

is a summary of these trends which are prominent in 

certain geographies:

• Interoperability challenges between digital systems, 

especially in the Asia Pacific market, China as an example.

• The variation in digitization leading to a variation in 

care- evident many parts of the world. An example is in 

India’s difference between rural and city hospitals.

• The adoption in EHRs on a country-level does not 

always translate to digitized acute care (UK).

• Concerns over security and privacy with people opting 

out of digitized national records, in Australia for example. 

• The challenge to meet declining numbers of physicians 

and nurses (France and Australia).

• Spiraling costs (USA) do not always translate to improved 

outcomes. Financial constraints on healthcare are also 

evident in all markets, where providers are keen on 

seeing concrete outcomes for investments they make. 

• Data overload has led to clinicians missing out on 

important trends and changes.9 This has led to novel 

ways of data summarization and representation (several 

projects in the US). 

• The interest in AI in healthcare has never been higher 

with new startups receiving funding (USA). 

• The rise of chronic conditions and co-morbidities 

has put a strain on healthcare systems worldwide, 

especially Europe, the US, and Australia. 

• New regulations are needed to deal with novel forms 

of healthcare data, as well as incentives for hospitals to 

adopt digitization as a strategy. 

The case for acute care digitization

Acute care is a particularly important area where 

digitization is needed as a means of improving the 

quality of care and controlling spiraling costs. It is 

the most expensive, technologically advanced and 

human-resource intensive area of care. Yet, it is the 

area associated with the highest number of errors. In fact, 

nearly all ICU patients suffer a potentially life-threatening 

error during their stay with medication errors accounting 

for 78% of serious medical errors.10,11 Decision-making and 

diagnosis are also more difficult in critical care due to the 

vulnerability of patients, who can have co-morbidities and 

deteriorate rapidly. A survey by Johns Hopkins University 

School of Medicine (USA), analyzing 540,000 deaths 

revealed that misdiagnosis is 50% more common in ICU 

patients than general hospital patients.12 Keeping ICU 

patients longer than necessary, or unnecessarily admitting 

patients to the ICU, can be potentially harmful, as ICU 

stays have been linked to hospital acquired infections 

(HAI) occurring in approximately 10% of all ICU patients.13 

Globally, there is a general shortage of intensivists, who 

can suffer from burnout due to long hours and high 

time-pressure tasks. However, the demand of acute 

care is predicted to grow, with an increase in the elderly 

population, certain conditions (e.g. cardiac disease), and 

co-morbidities. To meet the higher demand for ICU beds, 

there is a need for improved triaging/allocation, ICU 

organization, and improved clinical outcomes leading to 

less readmissions.14 

From the physicians’ point of view, a recent survey of 

European Healthcare systems showed that more than 

75% of physicians believe that digitalization of patient 

data could help them improve the quality of care in the 

next three to five years, as long as new systems ensure 

that information is secure.15 

75%
75% of physicians believe that digitalization 
of patient data could help them improve the 
quality of care.15

Improving information 
management and analytics
Improving information management and analytics 
Critical care information systems are associated with several positive 
outcomes relating to information management.16 Some of the highlighted 
outcomes in relevant studies are:

Improved data quality- 
completeness and 
correctness of data
This is a proxy for the completeness of 
care, which a�ects clinical outcomes.17 
Digital Healthcare systems can also 
provide smart CDSs (Clinical Decision 
Support) to indicate if a data �eld is out 
of range, which could prevent errors in 
charting as well as medication errors. 
A rather simple yet powerful application 
is using decision support based on rules 
assigning safe medication ranges for 
di�erent patients, based on age, 
co-morbidities and conditions. A wrong 
medication is agged immediately 
preventing errors that could be life 
threatening. 

Improving incidence 
reporting and 
documentation
This area was one of the key 
recommendations of the institute 
of medicine’s (IOM) report: To Err is 
human. Electronic systems allow 
for targeted incidence reporting, 
e�ective triaging, and robust analysis 
of incidence reports. However, this 
needs to be combined with clinician 
engagement and su�cient action to 
lead to outcome improvements.18 

Improving baselining 
and comparison to 
national databases
A good example is the UK’s 
Intensive Care National Audit and 
Research Centre (ICNARC) Case 
Mix Program Database.19 

Improving feedback on 
performance criteria 
for individual sta� 
members as well as 
teams20

 

Improved tracking 
of events
This is essential from a legal 
perspective, especially for archiving 
treatments of patients. Records need 
to be authenticated and certi�ed, in 
a similar manner to written records. 
However, referring to previous cases 
is much quicker in a digitized system 
versus a paper-based system. 
The comparison of certain �elds and 
tracing responsibilities to individuals 
is also easier.

Building new 
knowledge from 
gathered data
In the last decade, rich critical care 
databases have been essential in 
the development of new 
algorithms as well as discovering 
correlation between treatments, 
medications, co-morbidities, and 
outcomes. Some of the leading 
examples are the MIMIC dataset 
with around 40,000 critical care 
patients,21 and the ERI database 
by Philips eICU Research institute 
containing more than 3 million ICU 
patient stays.22
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Reducing errors in care
A 2017 report by the Organization for Economic Cooperation 

and Development (OECD) underscores the need for urgent 

change in patient safety worldwide, especially in reducing 

errors.23 In high-income countries, one in 10 patients is 

adversely affected during treatment, and around 15% of 

hospital expenditure is due to mistakes in care or patients 

being infected while in the hospital.15 These errors are even 

more prevalent in critical care. A study estimated that an 

average of 178 processes of care are delivered to each 

ICU patient per day with 1.7 of them associated with some 

error.24 The same study identified 554 errors and over 200 

serious errors in a single ICU over a 4-month period.

Reducing medication errors 
Medication errors are the most common cause of 

medical errors and their consequences can be grave. 

These errors account for 78% of serious medical errors 

in the ICU.10 Critically ill patients are prescribed twice as 

many medications as patients outside of the intensive 

care unit (ICU).25 These errors can include errors in drug 

type, strength, frequency, interaction with other drugs, 

and failure to start or stop treatments. An integrative 

review by MacFie et al.26 analyzed 40 studies revealing the 

pertinence of this problem in critical care settings, with 

incidences of medication errors varying from 5.1 to 967 

per 1000 patient days, and adverse drug events (ADEs) 

from 1 to 96.5 per 1000 patient days. Critical care settings 

normally include vulnerable patients with a reduced 

physiological reserve, reduced ability to metabolize drugs, 

and alterations in pharmacodynamics. Polypharmacy 

(the use of multiple drugs to treat a condition) is common 

along with prescriptions of drugs to which patients 

have not been previously exposed. The use of high-risk 

substances and varied routes of administration is more 

prevalent and these factors occur in the setting of busy 

and highly pressurized environments. All these factors 

contribute to a high rate of medication errors. The most 

commonly implicated drug groups in these errors 

included cardiovascular, gastrointestinal, antimicrobial, 

hypoglycemic and analgesic agents.26

A review by Nuckols et al.27 explored the effects of 

utilizing a computerized provider order entry system 

(CPOE) in preventing hospital medical errors and adverse 

drug events by analyzing 13 pre-post studies worldwide. 

Compared with paper-order entry, the use of CPOE was 

associated with half as many preventable ADEs (pooled 

risk ratio (RR) = 0.47, 95% CI 0.31 to 0.71) and medication 

errors (RR = 0.46, 95% CI 0.35 to 0.60) 

In another review, the transition from paper-based 

ordering to commercial CPOE systems in ICUs was found 

to be associated with an 85% reduction in medication 

prescribing error rates combined with a 12% reduction 

in ICU mortality rates.28 Another systematic review 

by Charles et al.29 analyzed several studies looking 

at different aspects of medication errors with similar 

conclusions. Table 1 includes some of the studies 

reviewed, as well as other studies who have shown 

promising results. In addition to the reduction of medical 

errors, these studies have shown positive effects on 

reducing the time from ordering to the administration 

of medications and decreasing duplicate orders. This is 

combined with increasing the accessibility of patient 

records allowing clinicians to work off-site if needed. 

It is worth noting that these studies, although showing 

generally positive results, reveal some variability both 

in the baseline as well as the improvement achieved. 

Medical error reduction is a function of many factors 

including human factors, compliance, training and the 

integration of smart CDS (clinical decision support) in 

digital systems. These factors can vary between different 

hospitals leading to different results. 

Reducing other types of errors
In addition to medication errors, there are several other 

error types in critical care, which also have serious 

consequences. They include active failures and latent 

conditions.35 Active failures consist of missing an 

important action or step in a procedure, misdiagnosing, 

communication errors, and the violation of operating 

practices or standards. Latent conditions leading to errors 

include high workloads, insufficient training, supervision 

and auditing. The digitalization of critical care has helped 

address many of these errors:

• Finding information more efficiently, helping to reduce 

errors in misdiagnosis. 

• Supporting teams to integrate best practices and 

operating procedures.36 This is also combined with 

tracking compliance and rapidly identifying gaps.

• Improving the workload by reducing paperwork, which 

would increase time for patient care. 

• Improved auditing allowing teams to understand 

treatment practices and ameliorate processes over time.37 

Errors in the ICU

15% of hospital 
expenditure is due 
to mistakes in care or 
patients being infected 
while in the hospital.15

In high-income 
countries, one in ten 
patients is adversely 
affected during 
treatment.15

554 errors and over 
200 serious errors  
in a single ICU over  
a 4-month period.24

Medication errors 
accounting for 78% 
of serious medical 
errors in the ICU.10

554 200
$ 15%

78%

Transforming acute care through digitization6

Author / year Study design Outcome

Cartmill et al. (2012)30 Pre-post study of CPOE 
implementation

Average time from ordering to administration 
decreased from 100 to 64 minutes.

Magid et al (2012)31 Post-test study Decrease in duplicate orders by 84.8%

Richardson et al. (2012)32 CPOE including bar-code scanning Decrease in overall medication errors by 48%

Morriss et al. (2009)33 CPOE including bar-code scanning Reducing the risk of targeted, preventable ADEs by 47%. 

DeYoung et al. (2009)34 Bar-code assisted medication 
administration study (pre-post)

Reducing medication errors by 56%.

Table 1

Digitization leads to tangible clinical, 
financial and operational outcomes
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Improving nursing workflow  
and efficiency 
The growing elderly population, combined with enhanced 

life expectancy and improvements in the delivery of 

healthcare, have increased the demand for critical care 

services. However, the long-standing shortage of intensivist, 

nurses, clinical pharmacists, and respiratory therapists make 

it difficult to meet patient demands.38 This is combined 

by a high burnout rate caused by tough schedules, long 

hours, difficult cases and increasing administrative duties. 

This raises the importance of workflow efficiency to allow 

the consistent delivery of high-level care. Digitizing critical 

care has played an important role, leading to several 

improvements in efficiency and workflow including:

• Positive impacts on communications between clinical 

teams, as perceived in surveys done with clinical teams 

before and after the implementation of a PDMS in the ICU.39 

• Introducing checklists to improve data transfer and 

retention at care handoff points.40 

• Reduced documentation time36,39 by up to 30% in some 

studies,41 reduced interruption rates, as well as time 

spent multitasking.42

• Increasing the time nurses spend with patients.41,43 

• Reducing staff turnover rates. For example, in the 

Australian study by Fraenkel et al.,39 an increase in 

nursing employment and a reduction of staff turnover 

rate by 50% was observed over 3 years after the 

integration of an electronic Philips PDMS (patient 

data management system) in a 12 bed ICU. This was 

accompanied with a significant reduction in rates of 

medication, intravenous therapy and ventilator incidents. 

• Optimizing resource utilization,41 especially by 

eliminating inefficient workflows and enabling analytics 

to create benchmarks and analyze performance (such 

as time spent documenting) against goals. 

It is worth mentioning that in terms of time efficiency, critical 

care information systems require time to set up, integrate 

with existing infrastructure and train teams on different 

features. In addition, there is the customization time needed 

to adapt the systems to hospital workflows. Once they are 

up and running, the time spent in charting and updating 

patient records can be compared to paper based systems. 

Thus, the reduction in overall time has to be studied in 

context. In fact, some study results have shown variable 

results in terms of analyzing time alone as a feature.44 

It has to be combined with clinical outcomes to make 

sure that the time saved has not had a negative effect on 

outcomes. Information systems are essential for these 

studies, as both time and outcomes can be tracked over time. 

Enabling access to medical specialists 
Digitized health information systems in the ICU have 

played an important role in enabling clinician access 

to patients, which is particularly evident in tele-health 

systems. Tele-health applied to critical care settings can 

reduce physician isolation, and improve the collaboration 

of providers.45 Avera health for example, connected 36 

hospitals across nine US states, reducing length of stay, 

mortality, cost of care, and clinician burnout.45 They claim 

that in 1 year, they managed to save more than 250 patient 

lives and $62M in healthcare costs. Tele-ICU can leverage 

intensivist coverage providing expertise to a larger number 

of patients, and is particularly useful for hospitals in remote 

or rural areas, hospitals with few resources, and those with 

high mortality/LOS (length of stay) due to lack of expert care. 

Development of clinical decision 
support (CDS) algorithms
The development of novel algorithms for clinical 

decision support in critical care has only been possible 

through digitization and improvements in clinical data 

management. The last decade has seen a boom in 

AI/analytics, where many established companies, 

universities, research groups, and startups have 

developed novel algorithms to address important 

challenges in critical care. The following list shows how 

analytics, based on large databases, can address some 

of these challenges:

• Early detection of deterioration:46 This is especially 

important for conditions that have a huge impact 

on mortality and morbidity. Examples are sepsis,47 

acute kidney injury48–51 and acute respiratory distress 

syndrome.52 By alerting clinicians to higher risk patients, 

treatments can be administered early (or harmful 

medications can be stopped), leading to improved 

outcomes. These treatments can utilize standard 

protocols that are recommended for these conditions. 

• Improved triaging: By using analytics, hospitals can 

improve admission, discharge, and triaging of patients 

to the right level of care.53,54 

• Improving clinical decision-making and medication 

dosing: Examples include therapy decision support,55 

making sure the right medication is provided at the 

right time, and selecting treatment pathways for 

patients.56 

• Predicting outcomes of care: This involves analyzing 

how certain treatments and therapies affect outcomes 

during hospital stay and after discharge,57 as well as 

developing risk models for different patients.58 

• Discovering short-term and long-term trends 

in hospital data:59 These trends can highlight 

improvements in practice or shortfalls that need  

to be addressed. 

• Benchmarking practice and discovering areas  

of improvement.60

In addition to digitization enabling the development 

of these algorithms and tools, it is a requirement for 

deploying them and achieving improved outcomes, 

especially in new clinics. Many of these algorithms 

require a set of input parameters that are available 

in information systems- usually in a standard data 

format. This standardization is key in enabling the 

integration and scaling of these algorithms across 

different sites. The monitoring of the effect of 

decision support on performance indicators is also 

enabled by careful digitization. This allows hospitals 

to track changes over time and identify gaps where 

improvements are needed. 

Despite a boom in clinical decision support algorithms, 

the integration in clinics has not been as smooth as 

developing them on retrospective datasets. Successful 

deployment involves integration in clinical workflows 

and IT infrastructure, efficient training, as well as 

improving care processes. 

Improving clinical outcomes
Digitization of healthcare in critical care has been 

associated with several improved clinical outcomes. 

Improved documentation, tracking, access to 

information, as well as adherence to guidelines and 

protocols have all contributed to enhanced outcomes. 

Table 2 shows a list of outcomes based on evidence 

from different studies.

30% reduction in 
documentation time.41

50% reduction in 
staff turnover rate 
over 3 years.39

Saved more than 250 
lives in one year through 
the use of tele-ICU.45

Saved $62M in 
healthcare costs 
in one year through 
the use of tele-ICU.45

50%30%
$62m250 lives

Tele-ICU

Results from case studies are not predictive of results in other cases. Results in other 
cases may vary.
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Improving financial outcomes
The improvement of patient care, through enhanced 

documentation, reduced errors, improved detection 

of deterioration, and improved therapy can lead to 

significant savings combined with enhanced margins. 

Levesque et al.65 analyzed the reduction of losses due 

to digitization in a tertiary hospital ICU. A reduction of 

coding errors was observed (7.9% vs. 2.2%, p<0.001). 

This decrease in coding errors resulted in a reduced 

difference between the potential and real ICU financial 

supplements obtained in the respective years (€194,139 

loss in 2007 vs. a €1628 loss in 2008).

Moreover, digitization plays an important role in enabling ICU 

telemedicine, which in turn has proven to be an important 

tool in cost reduction and management especially across 

different sites. A meta-analysis study showed Tele-ICU 

leading to reduced ICU length of stay and mortality.66 

A recent study investigating financial improvements 

due to the use of ICU telemedicine showed large 

improvements in annual case volumes (+38%) and direct 

contribution margins (increased by more than 6 fold).67 

In fact, many of the clinical and operational outcomes we 

have covered in the previous sections can be translated 

to financial outcomes. Reducing errors is essential in 

increasing patient safety and providing better quality of 

care, leading to improved throughput and a reduction of 

unnecessary treatments and interventions. The same applies 

to detecting deteriorations earlier due to decision support 

and the correct implementation of guidelines. Improving the 

use of treatments (such as ventilator support and nutrition) 

also improves financial outcomes by reducing long term 

morbidity and unnecessary stay in the ICU. The translation 

from outcome improvement to financial results can vary 

between different geographies using different reimbursement 

systems. However, the previous sections provide clear 

proof that digitization can lead to improvements in critical 

care. The next frontier will be the integration of clinical 

decision support making healthcare more predictive and 

reducing the costs of several debilitating conditions.

Challenges in critical care 
information systems
The previous sections covered the benefits that come with 

the adoption of healthcare IT in critical care. However, there 

are several challenges associated with the adoption and use 

of these systems. These challenges can lead to disrupting 

patient care, and lead to inefficiencies or even patient 

harm in extreme cases. Some of these challenges are:68

• Poor user interfaces and fragmented displays

• Issues with system access and configuration

• Issues with software updates and the need for downtime

• Issues with documentation during downtime

• Issues with data storage and retrieval

• Issues with integration in existing hospital systems as 

well as other IT systems (Radiology, Patient monitoring)

• Security and data safety issues

• Issues with ageing hospital systems and technical 

infrastructure that could prevent digitization is some areas

• Training and continuing education for teams

• Communication issues especially between inter-

professional teams 

• Problems in bringing well-established teams to use 

these systems and include them in their workflow. 

• Lacking policies and procedures that can help teams 

adopt digitized systems. 

 Selecting the right information system: Hospitals 

need to justify a return on investment analysis, in terms 

of finances needed, staff-time/ training required, and 

time to integrate with existing systems. Ease of use, 

clear data access, workflow integration, and the ability 

to adapt over time are all key factors in choosing an 

optimal IT system. A focus on security and data privacy 

features is also essential. 

 Building a long-term IT strategy: This is important 

in selecting an information system that can adapt 

to changes over time. If hospitals are expanding 

to new areas/patient groups, or adding remote 

accessibility, it is important that they start building 

towards information systems that can support these 

functionalities.

 Managing integration and successful go-live: 
Although project management is key here, the human 

element is sometimes the make or break factor. 

Having buy-in from clinical teams on the floor, IT teams 

responsible for the integration, and senior management 

is key. A shared vision is important to align teams on 

milestones. 

 Follow-up and adaptation: After securing a 

successful go-live, the teams must have regular 

follow-ups and adapt their IT system to their needs. 

Identifying clear targets and performance indicators 

would really help teams assess how well they are 

doing. Many systems fail because they are hard to 

change once customized for a certain hospital. 

 Training, testing and more training: Time is of 

importance for very busy clinical teams. It is important 

that these Healthcare IT systems help enable 

improved care rather than simply adding a burden on 

documentation and trouble shooting. 

 Using IT systems to their maximum abilities: 
Novel Healthcare IT systems have improved tools 

for integrating protocols, providing clinical decision 

support, and improving monitoring. However, many 

of these features can be overlooked when the focus is 

simply that of documentation. Clinical teams should be 

encouraged to take the leap from simply charting and 

recording data to using intelligent solutions.

 Straight forward user-interfaces and easy to 
use screens: With improvements in visualization, 

it has become clear that winning Healthcare IT systems 

are those that provide access to data when it is 

needed and in the most appropriate format. Advances 

in user interfaces/mobile technology has rendered 

this possible through touch screens, remote access 

technologies, and adaptive visuals. 

Outcome improved Studies Improvement

Reduced Length of Stay 
(LoS) in the ICU

Levesque et al.61 LOS (reduction by 20%) 8.4 ± 15.2 vs. 6.8 ± 12.9 
days; p = 0.048

Reducing medication 
errors

Ali et al.62 (other studies are 
given in the previous section)

Improving patient identification, allergy status 
completion, drug names and traceability

Improving nutritional 
support for ICU patients 

Berger et al.36

Strack van Schijndel et al.63 
Higher energy delivery for ICU patients

Improving  
ventilator use  

McCambridge et al.64 Significantly less use of mechanical ventilation 
due to the use of a health information technology 
bundle along with remote intensivist coverage

Reducing rates  
of mortality

McCambridge et al.64 Reduction of mortality rates by 29.5% (same study 
as above)

Table 2
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 Selecting the right information system: Hospitals 
need to justify a return on investment analysis, in terms 
of finances needed, staff-time/ training required, and 
time to integrate with existing systems. Ease of use, 
clear data access, workflow integration, and the ability 
to adapt over time are all key factors in choosing an 
optimal IT system. A focus on security and data privacy 
features is also essential. 

 

 

 Building a long-term IT strategy: This is important 
in selecting an information system that can adapt to 
changes over time. If hospitals are expanding to new 
areas/patient groups, or adding remote accessibility, it 
is important that they start building towards information 
systems that can support these functionalities.

 Managing integration and successful go-live:  
Although project management is key here, the human 
element is sometimes the make or break factor. 
Having buy-in from clinical teams on the floor, IT 
teams responsible for the integration, and senior 
management is key. A shared vision is important to 
align teams on milestones. 

 Follow-up and adaptation: After securing a successful 
 go-live, the teams must have regular follow-ups and 
adapt their IT system to their needs. Identifying clear 
targets and performance indicators would really help 
teams assess how well they are doing. Many systems 
fail because they are hard to change once customized 
for a certain hospital. 

 Training, testing and more training: Time is of  
importance for very busy clinical teams. It is important 
that these Healthcare IT systems help enable  
improved care rather than simply adding a burden  
on documentation and trouble shooting. 

 Using IT systems to their maximum abilities: Novel 
Healthcare IT systems have improved tools for integrating 
protocols, providing clinical decision support, and  
improving monitoring. However, many of these features 
can be overlooked when the focus is simply that of 
documentation. Clinical teams should be encouraged 
to take the leap from simply charting and recording 
data to using intelligent solutions.

 Straight forward user-interfaces and easy to use 
screens: With improvements in visualization, it has 
become clear that winning Healthcare IT systems are 
those that provide access to data when it is needed 
and in the most appropriate format. Advances in  
user interfaces/mobile technology has rendered  
this possible through touch screens, remote access 
technologies, and adaptive visuals. 

How to address these 
challenges and bring 
innovation to your hospital?
Hospitals that have adopted novel Healthcare IT systems have seen improved 
efficiencies as well as enhanced clinical and operational outcomes. The key  
to reaching these targets and addressing the challenges lies in carefully  
addressing the following areas:

A platform approach to healthcare IT may  
offer hospitals advantages in all of these  
areas. A platform is a set of software and  
the surrounding ecosystem of resources that 
help organizations adapt to ever-changing 
technology. Its value comes not only from its 
features, but its ability to connect external  
tools, teams, data, and processes.69

Benefits may include:
- Enhanced data privacy and security
- Simplified data management and workflows 
- More predictable costs with As-a-service  
 pricing models 
- More continuity in the care experience with  
 secure access to integrated patient data and  
 analytics across care settings 

And when the platform is deployed using  
cloud technology, health systems can realize 
additional benefits:
- Flexibility, scalability, and speed—both in  
 adopting new innovations and in adjusting  
 resources to meet demand
- Reduced strain on internal IT resources,  
 as security protocols and system  
 maintenance become the responsibility  
 of the solution provider



© 2021 Koninklijke Philips N.V. All rights reserved. 
Specifications are subject to change without notice. 
Trademarks are the property of Koninklijke Philips N.V. 
or their respective owners.

www.philips.com

www.philips.com/healthcare
healthcare@philips.com

4522 991 70091 * AUG 2021

References
1. Growth Opportunities in Asia-Pacific Hospital Healthcare Information Technol-

ogy, 2016–2021. Available at: http://www.frost.com/sublib/display-report.
do?id=P982-01-00-00-00. (Accessed: 14th January 2019)

2. Khosrow-Pour, M. Encyclopedia of Information Science and Technology. (Infor-
mation Science Reference - Imprint of: IGI Publishing, 2008).

3. A digital NHS? | The King’s Fund. Available at: https://www.kingsfund.org.uk/
publications/digital-nhs. (Accessed: 14th January 2019)

4. Blumenthal, D. & Chopra, A. Speeding Up the Digitization of American Health 
Care. Harvard Business Review (2016).

5. Tindera, M. Healthcare Startups Raised $2.8 Billion Last Month. Forbes Available 
at: https://www.forbes.com/sites/michelatindera/2018/10/02/healthcare-start-
ups-raised-2-8-billion-last-month/. (Accessed: 14th January 2019)

6. Growth Opportunity Assessment of Healthcare IT Market in France, Forecast to 
2021 Market Research. Available at: https://store.frost.com/growth-opportunity-
assessment-of-healthcare-it-market-in-france-forecast-to-2021.html. (Ac-
cessed: 14th January 2019)

7. Growth Opportunity Assessment of Healthcare IT Market in the United Kingdom, 
Forecast to 2021 Market Research. Available at: https://store.frost.com/growth-
opportunity-assessment-of-healthcare-it-market-in-the-united-kingdom-
forecast-to-2021.html. (Accessed: 14th January 2019)

8. Australian Hospital & Medical Practice Management Solutions: Market Forecasts 
2018-2023 - ResearchAndMarkets.com. (2018). Available at: https://www.busi-
nesswire.com/news/home/20181002005584/en/Australian-Hospital-Medical-
Practice-Management-Solutions-Market. (Accessed: 15th January 2019)

9. Pickering, B. W., Herasevich, V., Ahmed, A. & Gajic, O. Novel Representation of 
Clinical Information in the ICU: Developing User Interfaces which Reduce Infor-
mation Overload. Appl. Clin. Inform. 1, 116–131 (2010).

10. Rothschild, J. M. et al. The Critical Care Safety Study: The incidence and nature 
of adverse events and serious medical errors in intensive care. Crit. Care Med. 33, 
1694–1700 (2005).

11. Pronovost, P. J., Thompson, D. A., Holzmueller, C. G., Lubomski, L. H. & Morlock, 
L. L. Defining and measuring patient safety. Crit. Care Clin. 21, 1–19, vii (2005).

12. Winters, B. et al. Diagnostic errors in the intensive care unit: a systematic review 
of autopsy studies. BMJ Qual Saf bmjqs-2012-000803 (2012). doi:10.1136/bm-
jqs-2012-000803

13. Singh, S., Chaturvedi, R., Garg, S. M., Datta, R. & Kumar, A. Incidence of health-
care associated infection in the surgical ICU of a tertiary care hospital. Med. J. 
Armed Forces India 69, 124–129 (2013).

14. Guidet, B., van der Voort, P. H. J. & Csomos, A. Intensive care in 2050: healthcare 
expenditure. Intensive Care Med. 43, 1141–1143 (2017).

15. Front Line of Healthcare Report 2018. Bain (2018). Available at: https://www.
bain.com/insights/europe-front-line-of-healthcare-report-2018/. (Accessed: 3rd 
January 2019)

16. Ehteshami, A., Sadoughi, F., Ahmadi, M. & Kashefi, P. Intensive Care Information 
System Impacts. Acta Inform. Medica 21, 185–191 (2013).

17. Allorto, N. L. & Wise, R. D. Development and evaluation of an integrated elec-
tronic data management system in a South African metropolitan critical care 
service. South. Afr. J. Anaesth. Analg. 21, 173–177 (2015).

18. Mitchell, I., Schuster, A., Smith, K., Pronovost, P. & Wu, A. Patient safety incident 
reporting: a qualitative study of thoughts and perceptions of experts 15 years 
after ‘To Err is Human’. BMJ Qual. Saf. 25, 92–99 (2016).

19. ICNARC – Intensive Care National Audit & Research Centre. Available at: https://
www.icnarc.org/. (Accessed: 4th January 2019)

20. Lau, B. et al. Individualized Performance Feedback to Surgical Residents 
Improves Appropriate Venous Thromboembolism Prophylaxis Prescription and 
Reduces Potentially Preventable VTE: A Prospective Cohort Study. Ann. Surg. 
(2015). doi:10.1097/SLA.0000000000001512

21. Johnson, A. E. W. et al. MIMIC-III, a freely accessible critical care database. Sci. 
Data 3, 160035 (2016).

22. eICU. Available at: https://eicu-crd.mit.edu/about/eicu/. (Accessed: 4th January 2019)
23. Auraaen, A., Slawomirski, L. & Klazinga, N. The economics of patient safety in 

primary and ambulatory care. (2018). doi:https://doi.org/10.1787/baf425ad-en
24. Donchin, Y. et al. A look into the nature and causes of human errors in the inten-

sive care unit. BMJ Qual. Saf. 12, 143–147 (2003).
25. Moyen, E., Camiré, E. & Stelfox, H. T. Clinical review: Medication errors in critical 

care. Crit. Care 12, 208 (2008).
26. MacFie, C. C., Baudouin, S. V. & Messer, P. B. An integrative review of drug errors 

in critical care. J. Intensive Care Soc. 17, 63–72 (2016).
27. Nuckols, T. K. et al. The effectiveness of computerized order entry at reducing 

preventable adverse drug events and medication errors in hospital settings: a 
systematic review and meta-analysis. Syst. Rev. 3, 56 (2014).

28. Prgomet, M., Li, L., Niazkhani, Z., Georgiou, A. & Westbrook, J. I. Impact of commercial 
computerized provider order entry (CPOE) and clinical decision support systems 
(CDSSs) on medication errors, length of stay, and mortality in intensive care units: a 
systematic review and meta-analysis. J. Am. Med. Inform. Assoc. 24, 413–422 (2017).

29. Charles, K., Cannon, M., Hall, R. & Coustasse, A. Can Utilizing a Computerized 
Provider Order Entry (CPOE) System Prevent Hospital Medical Errors and Ad-
verse Drug Events? Perspect. Health Inf. Manag. 11, (2014).

30. Cartmill, R. S. et al. Impact of electronic order management on the timeliness of 
antibiotic administration in critical care patients. Int. J. Med. Inf. 81, 782–791 (2012).

31. Magid, S., Forrer, C. & Shaha, S. Duplicate orders: an unintended consequence of 
computerized provider/physician order entry (CPOE) implementation: analysis 
and mitigation strategies. Appl. Clin. Inform. 3, 377–391 (2012).

32. Richardson, B., Bromirski, B. & Hayden, A. Implementing a safe and reliable 
process for medication administration. Clin. Nurse Spec. CNS 26, 169–176 (2012).

33. Morriss, F. H. et al. Effectiveness of a Barcode Medication Administration System 
in Reducing Preventable Adverse Drug Events in a Neonatal Intensive Care Unit: 
A Prospective Cohort Study. J. Pediatr. 154, 363–368.e1 (2009).

34. DeYoung, J. L., VanderKooi, M. E. & Barletta, J. F. Effect of bar-code-assisted 
medication administration on medication error rates in an adult medical inten-
sive care unit. Am. J. Health. Syst. Pharm. 66, 1110–1115 (2009).

35. Drews, F. A., Musters, A. & Samore, M. H. Error Producing Conditions in the Inten-
sive Care Unit. in Advances in Patient Safety: New Directions and Alternative Ap-
proaches (Vol. 3: Performance and Tools) (eds. Henriksen, K., Battles, J. B., Keyes, 
M. A. & Grady, M. L.) (Agency for Healthcare Research and Quality (US), 2008).

36. Berger, M. M. et al. Impact of a computerized information system on quality of nu-
tritional support in the ICU. Nutr. Burbank Los Angel. Cty. Calif 22, 221–229 (2006).

37. Skouroliakou, M. et al. Data Analysis of the Benefits of an Electronic Registry of 
Information in a Neonatal Intensive Care Unit in Greece. Perspect. Health Inf. 
Manag. AHIMA Am. Health Inf. Manag. Assoc. 5, (2008).

38. SCCM | Critical Care Statistics. Society of Critical Care Medicine (SCCM) Available 
at: http://sccm.org/Communications/Critical-Care-Statistics. (Accessed: 7th 
January 2019)

39. Fraenkel, D. J., Cowie, M. & Daley, P. Quality benefits of an intensive care clinical 
information system. Crit. Care Med. 31, 120–125 (2003).

40. Agarwala, A. V., Firth, P. G., Albrecht, M. A., Warren, L. & Musch, G. An electronic 
checklist improves transfer and retention of critical information at intraoperative 
handoff of care. Anesth. Analg. 120, 96–104 (2015).

41. Wong, D. H. et al. Changes in intensive care unit nurse task activity after installa-
tion of a third-generation intensive care unit information system. Crit. Care Med. 
31, 2488–2494 (2003).

42. Ballermann, M. A., Shaw, N. T., Arbeau, K. J., Mayes, D. C. & Noel Gibney, R. T. 
Impact of a critical care clinical information system on interruption rates during 
intensive care nurse and physician documentation tasks. Stud. Health Technol. 
Inform. 160, 274–278 (2010).

43. Saarinen, K. & Aho, M. Does the implementation of a clinical information system 
decrease the time intensive care nurses spend on documentation of care? Acta 
Anaesthesiol. Scand. 49, 62–65 (2005).

44. Mador, R. L. & Shaw, N. T. The impact of a Critical Care Information System (CCIS) 
on time spent charting and in direct patient care by staff in the ICU: a review of 
the literature. Int. J. Med. Inf. 78, 435–445 (2009).

45. Avera Health boosts ICU care quality, cuts costs with analytics tools from Philips. 
Healthcare IT News (2018). Available at: https://www.healthcareitnews.com/
news/avera-health-boosts-icu-care-quality-cuts-costs-analytics-tools-philips. 
(Accessed: 8th January 2019)

46. Lovejoy, C. A., Buch, V. & Maruthappu, M. Artificial intelligence in the intensive 
care unit. Crit. Care 23, 7 (2019).

47. Desautels, T. et al. Prediction of Sepsis in the Intensive Care Unit With Minimal 
Electronic Health Record Data: A Machine Learning Approach. JMIR Med. In-
form. 4, (2016).

48. Koyner, J. L. et al. Furosemide Stress Test and Biomarkers for the Predic-
tion of AKI Severity. J. Am. Soc. Nephrol. ASN.2014060535 (2015). doi:10.1681/
ASN.2014060535

49. Ahmed, A. et al. Development and validation of electronic surveillance tool for 
acute kidney injury: A retrospective analysis. J. Crit. Care 30, 988–993 (2015).

50. Di Leo, L. et al. Predicting Acute Kidney Injury in Intensive Care Unit Patients: 
The Role of Tissue Inhibitor of Metalloproteinases-2 and Insulin-Like Growth 
Factor-Binding Protein-7 Biomarkers. Blood Purif. 45, 270–277 (2018).

51. Koyner, J. L., Carey, K. A., Edelson, D. P. & Churpek, M. M. The Development of 
a Machine Learning Inpatient Acute Kidney Injury Prediction Model. Crit. Care 
Med. 46, 1070–1077 (2018).

52. Laffey, J. G. & Talmor, D. Predicting the development of acute respiratory distress 
syndrome: searching for the ‘Troponin of ARDS’. Am. J. Respir. Crit. Care Med. 
187, 671–672 (2013).

53. Nates, J. L. et al. ICU Admission, Discharge, and Triage Guidelines: A Framework 
to Enhance Clinical Operations, Development of Institutional Policies, and Fur-
ther Research. Crit. Care Med. 44, 1553–1602 (2016).

54. Ramos, J. G. R. et al. Development of an algorithm to aid triage decisions for 
intensive care unit admission: a clinical vignette and retrospective cohort study. 
Crit. Care 20, 81 (2016).

55. Tehrani, F. T. & Roum, J. H. Intelligent decision support systems for mechanical 
ventilation. Artif. Intell. Med. 44, 171–182 (2008).

56. Komorowski, M., Celi, L. A., Badawi, O., Gordon, A. C. & Faisal, A. A. The Artificial 
Intelligence Clinician learns optimal treatment strategies for sepsis in intensive 
care. Nat. Med. 24, 1716–1720 (2018).

57. Badawi, O. & Breslow, M. J. Readmissions and death after ICU discharge: devel-
opment and validation of two predictive models. PloS One 7, e48758 (2012).

58. Badawi, O., Liu, X., Hassan, E., Amelung, P. J. & Swami, S. Evaluation of ICU Risk 
Models Adapted for Use as Continuous Markers of Severity of Illness Throughout 
the ICU Stay. Crit. Care Med. 46, 361–367 (2018).

59. Laporte, L. et al. Ten-year trends in intensive care admissions for respiratory 
infections in the elderly. Ann. Intensive Care 8, (2018).

60. Lilly, C. M., Zuckerman, I. H., Badawi, O. & Riker, R. R. Benchmark data from more 
than 240,000 adults that reflect the current practice of critical care in the United 
States. Chest 140, 1232–1242 (2011).

61. Levesque, E. et al. The implementation of an Intensive Care Information System 
allows shortening the ICU length of stay. J. Clin. Monit. Comput. 29, 263–269 (2015).

62. Ali, J., Barrow, L. & Vuylsteke, A. The impact of computerised physician order en-
try on prescribing practices in a cardiothoracic intensive care unit*. Anaesthesia 
65, 119–123 (2010).

63. Strack van Schijndel, R. J. et al. Optimal nutrition during the period of mechani-
cal ventilation decreases mortality in critically ill, long-term acute female 
patients: a prospective observational cohort study. Crit. Care 13, R132 (2009).

64. McCambridge, M. et al. Association of Health Information Technology and Tel-
eintensivist Coverage With Decreased Mortality and Ventilator Use in Critically Ill 
Patients. Arch. Intern. Med. 170, 648–653 (2010).

65. Levesque, E. et al. The positive financial impact of using an Intensive Care Infor-
mation System in a tertiary Intensive Care Unit. Int. J. Med. Inf. 82, 177–184 (2013).

66. Young, L. B. et al. Impact of Telemedicine Intensive Care Unit Coverage on Pa-
tient Outcomes: A Systematic Review and Meta-analysis. Arch. Intern. Med. 171, 
498–506 (2011).

67. Lilly, C. M. et al. ICU Telemedicine Program Financial Outcomes. Chest 151, 
286–297 (2017).

68. Kim, M. O., Coiera, E. & Magrabi, F. Problems with health information technology 
and their effects on care delivery and patient outcomes: a systematic review. J. 
Am. Med. Inform. Assoc. 24, 246–250 (2017). 

69 Philips (2021). Advancing and connecting care through a cloud-based platform 
approach for health informatics.


