Retrospective Assessment of the Standardized Mortality
Ratio as a Measure of the Quality of Care in a Major
Intensive Care Unit in the Republic of Cyprus
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Introduction: The standardized mortality ratio (SMR) is commonly used to assess the overall
quality of care by comparing the observed hospital mortality with the mortality predicted by
statistical models. If the observed deaths are less than the predicted, the overall quality of care
can be considered high; in the opposite case, it is low. Aim: The aim of the study was to assess
the overall quality of care in an intensive care unit (ICU) during the period of 2012 to 2017. We
also reported our experience and lessons learned throughout the surveillance period.
Methods: A retrospective study design was adopted. Healthcare-associated infections (HAI-
ICU) protocol v1.1 was used in a major ICU for a period of 6 years. All patients admitted to the
ICU during the surveillance period were included in the study. The SMR was measured.
Results: During the 6-year period, 1067 patients were admitted and remained hospitalized for
more than 48 hours; 207 patients’ discharge status was reported as “death”, compared to 309
deaths predicted based on the SAPS II score. The overall mean observed mortality rate during
the study period was 19.4%, as opposed to 28.95% for the predicted mortality. The overall
mean SMR was 0.62 (IQR 0.49-0.82). Difficulties were faced due to the lack of surveillance
software, but they were overcome by the use of a freely available web-based form. Conclusions:
The overall quality of ICU care is considered to correspond to high-quality standards, since
standardized mortality rates during the study period were lower than one. The use of the
web-based form as an alternative solution to the surveillance software performed well in terms
of recording data.
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INTRODUCTION
The aim of intensive care units (ICU) is pro-
viding intensive care to patients with complex,
severe, and life-threatening conditions. Despite
their importance for patients’ outcomes, ICUs
account for one of the highest proportions of costs
in healthcare systems. According to the published

literature, although ICUs account for only 10% of
hospital beds, they consume nearly 22% of the hos-
pital’s resources (Halpern, Bettes, & Greenstein,
1994; Kumar, Jithesh, & Gupta, 2016). Therefore,
it is important to ensure that the high resource
use is reflected in a high quality of ICU care with
improved patients’ outcomes. Consequently, the
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assessment of the quality of care delivered in the
ICU setting is of high priority for healthcare sys-
tems.

The standardized mortality ratio (SMR) is com-
monly used to assess the performance of ICUs
(Naing, 2000). SMR has been defined as the ratio
of the observed mortality versus the predicted
mortality for a specified time period in a spe-
cific population (Loirat, 1995; Ridley, 1998). The
predicted mortality is commonly calculated by
using severity scoring systems such as the Sim-
plified Acute Physiology Score (SAPS II; Le Gall,
Lemeshow, & Saulnier, 1993) or the Acute Physi-
ology and Chronic Health Evaluation (APACHE IT,;
Knaus, Draper, Wagner, & Zimmerman, 1985).

The European Society of Intensive Care Medicine
(ESICM) created an expert task force of represen-
tatives of intensive care societies in 2009, in order
to elaborate the guidelines that aim to improve the
quality of care and treatment outcomes (Moreno,
Rhodes, & Donchin, 2009). Later on, SMR was
recognized by ESICM as one of the nine indica-
tors for assessing the quality of care in ICUs.
These nine indicators obtained over 75% consen-
sus from the group of experts in the final stage
of the Delphi process and they include: SMR, 24-
hour intensivist, reporting adverse events in ICU,
proportion of patients readmitted in ICU, stan-
dard discharge letter that is reporting the care
received during ICU stay, bloodstream infections
proportion associated with central vein catheter-
ization, ICU design according to national stan-
dards, daily interdisciplinary rounds and per-
centage of unplanned extubations (Rhodes et al.,
2012).

SMR results lower than 1 indicate that the over-
all quality of care in a specific ICU population for
a specific time period is appropriate, since the
observed mortality is lower than that predicted by
scoring systems (Knaus et al., 1985; Le Gall et al.,
1993). Results higher than 1 indicate the oppo-
site, namely that the observed mortality is higher
than the predicted, therefore the overall quality of
care is worse than expected.
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The current study presents the first attempt to
assess the quality of care using the SMR indi-
cator, in a major ICU in the republic of Cyprus.
We also report the experience of organizing and
implementing reporting of severity and related
quality indicators, as well as challenges, barriers,
and the ways we mitigated them. Our experience
might inform the implementation of ICU quality
assessment efforts in low resource healthcare set-
tings without an integrated hospital information
system.

MATERIALS AND METHODS
Aim
The aim of the study was to retrospectively evalu-
ate the quality of care in a major ICU in the Repub-
lic of Cyprus, by assessing SMR, for a period of 6
years measured.

Design and Population

We employed a retrospective correlational design.
Patients who were admitted in the ICU and
remained hospitalized for more than 48 hours
during a 6-year period (January 1, 2012 -Decem-
ber 31, 2017) were included in this analysis.
Patients who transferred from other ICUs and met
above criteria were also included in the study.
Exclusion criteria included: ICU length of stay
of less than 48 hours, patients younger than 16
years of age, and patients who transferred to
other ICUs.

Setting

The study was conducted in the ICU of a major
public secondary general referral hospital in the
Republic of Cyprus, with 28,000 yearly hospital
admissions. Patients admitted tothe ICU are older
than 16 years of age. The unit is a closed adult
ICU, of open plan, case mixed, with eight beds and
is receiving patients from private and public hos-
pitals across the Republic of Cyprus.

Data Collection and Measures

Data were collected using the HAI-ICU ECDC pro-
tocol, which is being activated 48 hours after
ICU hospitalization (ECDC-NHSN, 2010). The pre-
dicted mortality rates of patients were reflected
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as SAPS II score which was retrospectively cal-
culated. Although SAPS IT and APACHE II scores
are being both used in the aforementioned surveil-
lance protocol, only SAPS II has been used in
the current study. The accuracy of the prediction
models is at its best when it matches the patients
in the development population. The APACHE
score, for instance, was largely based on North
American populations and the SAPS score on
European patients (Rhodes et al., 2012). Since
the Republic of Cyprus belongs to EU countries,
SAPS IT score was decided to be used for the calcu-
lation of SMR. In addition, SAPS II and APACHE II
appear to have similar value in predicting mortal-
ity (Aminiahidashti, Bozorgi, Montazer, Baboli,
& Firouzian, 2017; Naqvi, Mahmood, Ziaullaha,
Kashif, & Sharif, 2016).

Observed mortality was defined as the proportion
of patients who died during the ICU hospitaliza-
tion during the study period. SMR was calculated
using the observed mortality devided by the pre-
dicted mortality.

All data were anonymously collected in a way that
data could not be traced back to a specific patient.
For advanced security, a two-step verification was
activated, meaning that none except the health-
care professionals had access to data collected by
the form.

Statistical Analysis

Medians and interquartile ranges (IQR) were
used to describe the distribution of continuous
variables, and frequencies and percentages for
categorical variables. SMR was computed with
95% confidence intervals (CI) using IBM-SPSS
software, version 24 (IBM SPSS Inc., 2012).

RESULTS
During the study period, 1067 patients were
admitted and remained hospitalized for more
than 48 hours. The surveillance period with the
fewest admissions was the year 2012 (n = 145)
and the highest rate of admissions occurred in
2017 (n = 216). In general, a stable increase in
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the number of patients admitted to ICU during
the years was noticeable; and the overall num-
ber of males [603 (56.52%)] was more than female
patients [464 (43.48%)]. The overall median age in
years was 66.5 (IQR 50-76), and the length of ICU
stay was 7.5 (IQR 3-17) days.

An increase was also noticed in the SAPS II score
amongst patients admitted during the study
period (48 in 2012 and 57 in 2017, respectively).
The highest SAPS II score was found in 2016 (60
IQR 42.25-73), and the lowest in 2013 (47 IQR
34-62.5).

The most frequently encountered admission diag-
nosis was medical [709 (66.44%)], followed by
unscheduled surgical [294 (27.55%)]; surgical rea-
sons [64 (5.99%)] was the least frequent of admis-
sion. Most patients had been transferred from
a ward of the same or another hospital [462
(43.29%)], followed by transfers from the commu-
nity [319 (29.89%)], other ICU [254 (23.8%)], and
long term care facilities [27 (2.5%)].

During the study period, 207 patients died in
the ICU, while the predicted mortality accord-
ing to SAPS II estimations was 309. During the
year 2012, 148 patients were admitted and 26
died in the ICU, while the predicted deaths were
48, resulting in the calculated SMR of 0.54. In
2013, 165 patients were admitted, 33 died com-
pared to 48 expected deaths, and the SMR was
0.70. In 2014, 159 patients were admitted with
28 observed deaths, compared to 47 predicted,
yielding an SMR of 0.40. In 2015, 198 patients
were admitted, 41 died, as opposed to 49 pre-
dicted deaths and SMR was 0.83. In 2016, 184
were admitted with 32 observed and 60 predicted
deaths respectively, contributing to aSMR of 0.53.
In 2017, among 216 admissions, we observed 47
compared to 57 predicted deaths, and a SMR of
0.82. The overall SMR was found to be 0.62 (IQR
0.49-0.82). The highest observed mortality rate
(OMR) was found in 2017 (OMR, 0.21), and the
lowest in 2014 (OMR, 0.18; Table 1).
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SURVEILLANCE CHALLENGES, BARRIERS, AND

MITIGATION
Several barriers can interfere with the successful
implementation of surveillance procedures in the
ICU. Amongst others, the most important barri-
ers and challenges in our study were the lack of
surveillance software, lack of hardware and lack
of access to the hospital-wide network, as well as
the lack of people willing to be involved in the
surveillance. The majority of the surveillance soft-
ware are expensive, and no funding sources were
available. To successfully implement our surveil-
lance, we thoroughly searched for an alternative
solution.

For the reasons of the study, the HAT-ICU protocol
paper form that is freely available through Euro-
pean Centres of Disease Control (ECDC) was used.
Although, a software application for the manual
entry of surveillance data is freely available for
download from ECDC’s website (European Centre
for Disease Prevention and Control, n.d.), difficul-
ties were encountered due to its fitting and easi-
ness of use, and consequently, we made a decision
to not use it. We instead used the freely available,
web-based, Google forms to substitute the surveil-
lance software. We converted the paper form of
ECDC HAI-ICU protocol to an electronic survey
with the use of Google forms. It was adequately
easy to use by healthcare personnel, and it can be
used on any device with any software, with any
browser, as long as the network and a browser
are available. All the data were linked to an excel
file that can be downloaded and be used in statis-
tical software. One of the most useful features of
the aforementioned survey was that the use of the
“answers summary” feature which provided the
unit with almost, live surveillance of the data in
form of figures, without the need for a statistical
program.

Our experience might inform the implementation
of ICU quality assessment efforts in low resource
healthcare settings, without an integrated hospi-
tal information system.
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DISCUSSION

In this study, we employed SMR assessments as
a surrogate measure of the quality of care in our
ICU. In absolute numbers, the predicted by SAPS
II death rate was substantially higher compared
to the observed death rate, possibly denoting a
high quality of care. Nonetheless, the use of SMR
bears specific limitations. SMR ignores the deaths
that can occur soon after the discharge, which
could be affected by end of life decisions and miss-
ing surveillance data. It takes into consideration
only the “death” reported status without includ-
ing any disability and factors that affect the qual-
ity of life after the ICU hospitalization. It is also
significantly affected by the scoring system used
to calculate the predicted mortality, especially if
it is not unit-based calibrated, and the quality of
input data (Rhodes et al., 2012). However, SMR
remains a widely used indicator of overall quality
of ICU care that can be used for the comparison of
the same type of ICUs, and for the monitoring of
improvements or declines in ICU care, as well as
to compare hospital-wide SMR.

During the study period, we noticed a progressive
increase in the yearly admissions and underlying
disease severity scores of patients. Specifically,
comparing admissions of the initial period (2012)
with those of 2017, an increase of 71 patients was
noted, along with higher SAPS II scores. The rea-
sons for increased severity are undefined, but the
findings showed that the ICU faced difficulties in
dealing with the increasing number and disease
severity of patients, as reflected in mortality rates.
Indeed, it is well documented that overcrowded
ICUs and increased nursing workload are asso-
ciated with a substantial reduction in the odds
of survival (Lee et al., 2017). Thus, actions are
needed from the perspective of implementation of
a patient admission protocol, in a way to avoid
unnecessary admissions.

Admission protocols could be supported but not

guided by scoring systems. Although scoring sys-
tems can predict the likelihood of death with an
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acceptable margin of error, these scores are not
being used for decisions around ICU admission,
to withdrawal or to withhold treatment. A recent
French study concluded that further research is
needed to exactly define the role of SAPS II score,
especially in end-of-life decision-making in ICUs
(Allyn et al., 2016). Thus, they provide the likeli-
hood of death, but they cannot account for sub-
sequent alterations in patients’ status. The afore-
mentioned phenomenon is also supported by the
findings of the current study. Moreover, the lat-
est version of the score, SAPS 3, tends to over-
estimate the probability of death and to result
in predictions that are higher than the observed
(Poncet, Perneger, Merlani, Capuzzo, & Combes-
cure, 2017). A Swiss nationwide survey found
that SAPS II estimations can be higher up to 13%
(Previsdomini et al., 2014). However, SAPS II is
still among the most widely used scoring sys-
tems in critically ill patients (Bouch & Thompson,
2008; Naing, 2000). A unit-based SAPS II calibra-
tion may be the appropriate step for more precise
death estimation, since its accuracy for mortality
prediction depends not only on patient character-
istics, but also on center characteristics (Poncet et
al., 2017). Thisis also supported by the Task Force
on Safety and Quality of the ESCIM (Rhodes et al.,
2012).

The progressively increasing disease severity
of patients admitted is also worth-discussing.
Since the initial period (2012), the SAPS II score
increased (higher score = higher severity of ill-
ness = higher probability of death) in a way that
the probability of death rose up to 20-25% (median
SAPS score) to the last surveillance period.

Despite limitations, SMR value during the study
period indicated a high quality of care in the ICU
of the study.

Limitations

The current study has certain limitations. The
study was conducted only in one adult ICUs in
Cyprus. These findings cannot be generalized to
other public or private hospital settings. A latest
version of the SAPS or a unit-based calibration of
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the SAPS II score may reflect with higher accu-
racy the estimation of predicted mortality rates.
Therefore, uncalibrated SAPS II used in the cur-
rent study may be overestimating or underesti-
mating the mortality predictions.

CONCLUSIONS

Observed mortality rates were significantly lower
than those predicted by the SAPS II score, and
SMR were lower than one across the study period.
These findings indicated that the overall quality
of care provided in the ICU was at high standards;
however, the limitations of SMR and SAPS II also
need to be taken into account. Further study is
needed to validate the use of SMR based on SAPS
IT in critically ill patients in Cyprus and in other
European samples.
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