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ABSTRACT 

 

The intensive care unit (ICU) of any hospital consumes a large portion of the hospital’s budget, which 

mandates continuous evaluation of the performance of the unit to substantiate its expenditure. 

Measuring the quality of the performance in the ICU is difficult and complex, however, two identified 

performance indicators of ICU in terms of effectiveness are length of stay (LOS) of patients, and 

severity adjusted standardized mortality ratio utilizing a severity related prediction model. 

Aims: To evaluate the performance in an adult ICU in terms of effectiveness, using predefined targets 

for the length of stay and standardized mortality ratio, as well as comparison to predicted values. 

Methods: All discharged patients from our ICU during 2018 were included, the average LOS for all 

and acute patients, and the mortality rate were calculated, and compared to values predicted by 

APACHE 4 scoring system.  

Results: During 2018 we discharged 2769 patients, and 2484 patients met the inclusion criteria. The 

median LOS for all patients [ 5 ( 2 - 12)] was significantly higher than predicted value of 4 (2 – 11) 

days (p=0.013), the same was observed for the LOS of acute patients (who spend less than 21 days in 

ICU), the actual and predicted medians were 4 (2 – 10) and 3 (2 – 6) days respectively (p=0.02), 

however both LOS calculations were within our pre-set targets of 15 days for all and 5 days for acute 

patients. The actual mortality rate of 12.5% (95% CI 11.2 – 13.9) was significantly lower than that 

predicted by the APACHE 4 scoring system (14.6%). Using the actual and predicted mortality rates, 

the standardized mortality ratio was 0.86. Comparison of the year 2018 to 2017 show a significant 

reduction of LOS for all patients (p= 0.03), and an insignificant trend toward reduction of mortality 

rate (p = 0.07) 

Conclusions: The LOS values for all and acute patients are within targets, and comparable to figures 

reported in some studies, being above values predicted may be attributed to the fact that APACHE 4 

scoring system underestimates LOS. The mortality rate was significantly lower than predicted, and 

lower than that reported in similar studies. With a standardized mortality ratio of less than 1, there is 

evidence of an acceptable quality of care in the ICU. However, interventions in the form of 

performance improvement projects are required to improve the indicators, and consequently the 

quality of care. There is also improvement in the performance and outcome of our ICU in 2018 as 

compared to 2017. 
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INTRODUCTION 

The intensive care unit (ICU) is an 

integral part of any acute care health 

facility, as it provides highly specialized and 

intense close monitoring for critically ill 

patients with life threatening conditions, 
(1)

 

the very nature of services and interventions 

provided in an ICU such as mechanical 

ventilation, diagnostic procedures, invasive 

monitoring techniques, and the utilization of 

medications and blood products lead to 

increased expenditure and daily costs per 

patient, this in addition to the development 

of complications, 
(2–4)

 furthermore, expenses 

in ICU are also dependent on the severity of 

illness assumed to be highest in an ICU 

patient. 
(5)

 Consequently, ICUs can utilize 

up to 20 % of a hospital’s budget, 
(6,7)

 with 

an estimated mean cost of 31,574 $ / day for 

ventilated patients in USA, 
(8)

 which 
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translates into $81.7 billion of critical care 

costs in USA in year 2005. 
(9)

 

As a result of this high economic 

burden of ICUs, evidence must be provided 

to prove both effectiveness and efficiency of 

an ICU 
(10)

 through assessment of the 

quality of performance in ICU. 
(11)

 While 

measuring the quality of ICU performance 

is complex and difficult, 
(12)

 several 

performance indicators are being utilized by 

healthcare institutions worldwide such as 

length of stay (LOS) and mortality rates 

(MR), both of which are effectiveness 

measures, 
(13)

 particularly when used in 

correlation to the severity of illness as a 

supplement to structure, procedure, outcome 

classical measurement tools. 
(14)

 Two of the 

most commonly used performance 

indicators in correlation to severity scores 

are severity adjusted ICU LOS and 

standardized mortality ratio (SMR). 
(13, 15- 16) 

 

Aim of the study 

To evaluate the quality of care and 

performance in the ICU in terms of 

effectiveness and efficiency, during the year 

2018 at King Saud Medical City (KSMC), 

Riyadh, Saudi Arabia. KSMC is a tertiary 

referral hospital with 1200 bed capacity, the 

ICU has 127 beds, divided into surgical, 

medical, trauma, burn, and maternity 

sections, with 14 isolation beds, it is a 

closed ICU covered by intensivists 24 hours 

7 days, with nurses to patient ratio of 1:1, in 

the ICU at KSMC we predefined some 

targets for our patients in our strategic plan 

for 2018. Such targets include an average 

LOS for all patients of 15 days or less, an 

average LOS for acute patients (patients 

who spend less than 21 days in the ICU) of 

5 days or less, a mortality rate of 20% or 

less, and a standardized mortality ratio 

(observed mortality rate / predicted 

mortality rate) of less than one. 
 

Study Design: 

This is a retrospective observational study, 

in the ICU at KSMC. All patients 

discharged from the ICU during the year 

2018 were included in the study, with the 

exclusion of: 

 Patients of less than 18 years of age. 

 Burn patients. 

 Patients with Do Not Resuscitate (DNR) 

order excluded only from the calculation 

of mortality rate. 

 

For every included patient the following 

data were collected: 

1. Demographic data: Age and gender. 

2. Source of admission to ICU. 

3. Broad category of admission diagnosis 

(medical – surgical – trauma – maternity 

- post operative). 

4. Length of stay (LOS) in ICU. 

5. Binary ICU outcome (dead or alive).  

6. APACHE 4 score, predicted mortality 

rate, and predicted LOS. 

 

This study is a report of the mandatory 

requirement of continuous monitoring, 

evaluation, and reporting of the ICU 

performance, required by the total quality 

management department (TQM) in our 

hospital 

 

Statistical Method: 

LOS for each patient is calculated as 

day of discharge – day of admission, the 

mortality rate is defined as the number of 

patients discharged from the ICU as ‘dead” 

divided by the total number of patients 

discharged from the ICU in the same period, 

excluding patients with Do Not Resuscitate 

(DNR) orders from both the numerator and 

denominator.  

The predicted LOS and MR are the 

arithmetic mean of the corresponding values 

for each patient as predicted by APACHE 4 

severity scoring system. Delayed discharge 

will be considered for patients who remain 

in ICU for at least a complete day (24 

hours) after the order to transfer out and 

before physical discharge from the ICU.  

If continuous variables satisfied the 

assumptions of parametric tests, they were 

summarized as mean (SD) and compared 

with student t test, otherwise they were 

summarized as median (Q1-Q3) and 
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compared with Mann Whitney U test, 

Kolmogorov Smirnov test was used to 

assess normality of continuous variables. 

Attribute data were summarized as number 

(%), and compared with chi square test. To 

compare the actual MR and predicted MR, 

the average predicted MR will be 

considered as a proportion to be compared 

to the actual MR which is a proportion. 

All statistical tests were two tailed, 

and considered significant if p value < 0.05, 

and analysed using a commercially 

available statistical package (SPSS
®
 version 

19; IBM Corporation, Armonk, NY, USA). 

 

Outcomes: 

The primary outcomes were to report the 

average actual LOS for all discharged 

patients, and the mortality rate as compared 

to average predicted values, as well as the 

SMR of the year 2018. Secondary outcomes 

included: LOS for acute patients as 

compared to predicted in the year 2018, 

furthermore, we compared the MR and 

average LOS in the year 2018 to 2017. Also 

as a secondary outcome the percentage of 

patients with delayed discharge and the 

average duration of delayed discharge will 

be compared between 2017 and 2018, with 

correlation to the expenditure per ICU bed 

per day, calculated based on our local 

institute’s health economics estimation of 

5000 Saudi Riyals (SR) (equivalent to about 

1,300 $) average cost of ICU bed /day 

including ventilated and non-ventilated 

patients. 

 

RESULTS 

None of the continuous variables in 

our study satisfied the assumptions of 

parametric tests, consequently, all 

continuous variables were reported as 

median (Q1-Q3), and compared with Mann 

Whitney U test. 

During the year 2018 there were 

2769 discharges from the ICU, 2484 

patients met the inclusion criteria (247 

patients less than 18 years of age and 38 

burn patients were excluded), 62.3 % were 

males. The average age of all discharged 

patients was 42 (28 – 59) years, Out of all 

discharged patients 284 died, and 1988 

patients were discharged alive, whereas 212 

patients were not considered in the 

calculation of MR as they were labelled as 

DNR. The majorities (42.5%) of the 

discharges were medical patients, followed 

by surgical (19.4%) then maternity (17.3%), 

followed by 12.5% post-operative patients, 

and least were trauma patients (8.3%). Most 

of the patients (49.2%) were initially 

admitted from the emergency department, 

the rest were either inpatients or patients 

received directly in the ICU from other 

hospitals, the discharged patients had an 

average APACHE 4 score of 72 (34 – 109), 

which corresponds to an average PMR of 

14.6 (5 – 35.6), and a predicted LOS of 4 

days (2 – 11), demographic data of patients 

discharged in 2018 are summarized in table 

1, and compared to 2017 patients.  

The annual average LOS for all patients was 

5 (2 – 12) days, while the annual average 

LOS for acute patients was 4 (2 – 10) days. 

The corresponding predicted values were 4 

(2 – 11) days for all patients and 3 (2 – 6) 

days for acute patients. Both predicted 

values of LOS for all patients and for acute 

patients were significantly lower than the 

actual values, respective p values were 

0.013 and 0.02 (table 2), similarly, there 

was a statistically significant difference 

between the actual mortality rate of the year 

2018 and the predicted mortality rate. The 

actual MR was 12.5% (95% CI: 11.2 – 13.9) 

whereas the predicted MR (average of PMR 

of all patients) was 14.6%, p value = 0.034, 

apart from the statistical comparison 

between the actual and predicted mortality 

rate, a more accepted and utilized measure 

of evaluation is the standardized mortality 

ratio (SMR), calculated by dividing the 

actual MR by the predicted MR, in our 

study in 2018 the SMR was 0.86 which is a 

favourable result since it is less than the null 

value of one. 
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Table 1: study patients’ demographics 

 Discharged patients 2018  

(n = 2484) 

Discharged patients 2017 

(n = 2441) 

P value 

Age (years) : median (Q1-Q3) 42 (28 – 59) 40 (27 – 61) 0.6 

Males: n (%) 1548 (62.3%) 1413 (60%) 0.1 

Diagnosis Category: n (%) 

Medical 
Surgical 

Maternity 

Post-operative 
Trauma 

 

1055 (42.5%) 
483 (19.4%) 

429 (17.3%) 

311 (12.5%) 
206 (8.3%) 

 

994 (40.7%) 
477 (19.5%) 

431 (17.7%) 

321 (13.2%) 
218 (8.9%) 

 

0.2 
0.96 

0.7 

0.5 
0.5 

Admission Source: n (%) 

ER 
Ward 

ER – OR 

Fax 
Ward - OR 

 

1223 (49.2%) 
864 (34.8%) 

231 (9.3%) 

89 (3.6%) 
77 (3.1%) 

 

1257 (51.5%) 
873 (35.8%) 

152 (6.2%) 

74 (3%) 
85 (3.5%) 

 

0.1 
0.5 

< 0.001 

0.3 
0.5 

APACHE 4 score : median (Q1-Q3) 72 (34 – 109) 73.2 (34 – 105) 0.2 

PMR: median (Q1-Q3) 15.2 (5 – 35.6) 14.44 (4 – 33.5) 0.09 

Predicted LOS (days): Median (Q1-Q3)  4 (2 – 11) 4 (2 – 10) 0.2 

Predicted LOS for acute patients (days): Median (Q1-Q3)  3 (2 – 6) 3 (2 – 5.5) 0.11 

Q1 = first quartile, Q3 = Third quartile, n = number, ER = Emergency department, OR = Operative room, APACHE = Acute Physiology 
and Chronic Health Evaluation, PMR = predicted mortality rate, LOS = length of stay 

 
Table2: Actual and predicted annual LOS and Mortality Rate 

- 2018 

 Actual Predicted P value 

LOS All patients (day) 

Median (Q1-Q3) 

5 (2 – 12) 4 (2 – 11) 0.013 

LOS Acute patients (day) 
Median (Q1-Q3) 

4 (2 – 10) 3 (2 – 6) 0.02 

Mortality Rate 

% 

12.5% 14.6% 0.034 

LOS = length of stay, Q1 = first quartile, Q3 = Third quartile 

 

During the year 2017 there were 

2442 discharges who met the inclusion 

criteria (out of a total of 2622), among 

which 349 died, resulting in a mortality rate 

of 14.3 % (95% CI: 12.9 – 15.8), during the 

same year the average LOS of all patients 

was 5 (2 – 15) days. Comparison of both 

years MR resulted in an insignificant trend 

toward decreased mortality in 2018 (p = 

0.07), meanwhile there was a statistically 

significant reduction in the average LOS for 

all patients between 2017 and 2018 (p = 

0.03). However, there was no significant 

difference in LOS for acute patients in 2018 

and 2017 (p = 0.06) although the LOS was 

lower in 2018. In 2018 683 patients stayed 

at least 24 hours in the ICU after the transfer 

order (27.5%, 95% CI: 25.8 – 29.3), those 

patients remained in ICU an average of 2 (1 

– 4) days before physical discharge, the 

corresponding values for 2017 were 712 

patients with delayed discharge (29.2%, 

95% CI: 27.4 – 31.05), accounting for an 

average delay in discharge of 2 (1 – 5) days. 

Comparison of the two variables yielded an 

insignificant difference in proportion of 

patients (p = 0.2) while a significant 

reduction of the average duration of delayed 

discharge (p < 0.001). (Table 3 summarizes 

the comparison between 2017 and 2018.

  
Table 3: Comparison of: MR, Avg. LOS, Avg. LOS acute patients between 2017 and 2018 

 Year 2017 (n = 2441) Year 2018 (n = 2484) P value 

Mortality Rate 
% (95%CI) 

14.3% (12.9 – 15.8) 12.5 (11.2 – 13.9) 0.07 

Average LOS (days) 

Median (Q1 – Q3) 

5 (2 – 15) 5 (2 – 12) 0.03 

Average LOS of acute patients (days) 
Median (Q1 – Q3) 

4 (2 – 10) 4 (2 – 11) 0.06 

Delayed Discharge (n, %) 712 (29.2%) 683 (27.5%) 0.2 

Avg. Duration of delayed discharge (days) 

Median (Q1-Q3) 

2 (1 – 5) 2 (1 – 4) < 0.001 

MR = Mortality rate, Avg. = Average, LOS = Length of stay, CI = confidence interval, Q = quartile 
 

The average cost of ICU patients during 2018 was 62.1 million SR (24.8 – 149 

million SR), whereas during 2017 the cost was 61 million SR (24 – 183 million SR) (p = 0.7), 

delayed discharged patients cost 6.8 million SR (3.4 – 13.7 million SR) in 2018, similar 

patients in 2017 cost 7.1 million SR (3.6 – 17.8 million SR) (p = 0.6) (table 4) 
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Table 4: Comparison of Cost of all and delayed discharge patients: 

 2017 (n = 2441) 2018 (n = 2484) P value 

Cost of all discharged patients (million SR) 
Median (Q1-Q3) 

61 (24 – 183) 62.1 (24.8 – 149) 0.7 

Cost of delayed discharge patients (million SR) 

Median (Q1-Q3) 

7.1 (3.6 – 17.8) 6.8 (3.4 – 13.7) 0.6 

SR = Saudi Riyal, Q1 = Quartile 1, Q3 = Quartile 3. 

 

DISCUSSION 

The results of our study show that 

although the average LOS for all patients is 

within our target of 15 days or less, it is 

significantly higher than the average 

predicted LOS. Despite that, the average 

LOS of 5 days is lower than that reported by 

some authors and close to others. Novin et 

al 
(17) 

reports an average of 19.3 days, while 

Onnen et al 
(5) 

reports a median LOS of 

12.1, however, the most commonly reported 

LOS is much lower than that, it ranges from 

4 to 6 days in many studies. 
(18,19)

 Our 

hospital does not have a step down unit, 

which leads to a prolonged LOS because of 

chronic patients who require only nursing 

care beyond the acute phase of illness, 

which is the reason why we also calculate 

the average LOS for acute patients (staying 

less than 21 days) in order to exclude such 

patients. The average LOS of acute patients 

(4 days) is also within our target of 5 days, 

and quite comparable to many studies, 
(12, 14, 

19, 20)
 where the average or median LOS is as 

low as 3.04 and as high as 4 days, despite 

being significantly higher than the predicted 

LOS, which is a finding that was reported 

by many authors, who find that APACHE 4 

underestimates LOS. 
(17, 19, 20)

 Our average 

mortality rate was also within our target of 

20% or less, and significantly lower than the 

average mortality rate of all patients 

predicted by APACHE 4, the mortality rate 

of 12.5 % is lower than that reported by 

many authors in different regions of the 

world 
(21-24)

 reporting a MR as high as 

60.71% for septic shock and 46% for all 

patients, whereas a MR as low as 5.3% was 

reported by Bekele et al, 
(12)

 mortality rates 

in the range of 12.1 – 28.4 % were reported 

by others. 
(5, 14, 23)

 Our SMR of 0.86 shows 

better outcome than predicted, since it was 

less than (although close to) the null value 

of 1, a similar finding is reported by Tomasz 

et al 
(25)

 who reports a SMR of 0.98 in a 

single centre study like ours, while in a 

much larger study on 12000 patients, the 

SMR of a mixed ICU was 61%. 
(26)

 

The secondary outcomes in our 

study show a significant reduction in the 

average LOS of all patients from 2017 to 

2018, and a trend of reduction of mortality 

rate and LOS for acute patients, although 

both didn’t reach the level of statistical 

significance. These improvements may not 

be attributed to a single particular 

intervention per se, since there were several 

performance improvement projects (PIP) 

started at the same time in our ICU in the 

year 2018, in addition to the increasing 

number of clinical practice guidelines and 

protocols being adopted by our ICU, 

consequently, whether this improvement in 

performance from 2017 to 2018 may be 

attributed to any of these PIPs if not to all of 

them together remains unclear, and warrants 

studying the outcome of each project 

separately. Other secondary outcomes 

pertained to delayed discharge after transfer 

order, this outcome is directly related to the 

performance of case managers in ICU, and 

the efficiency of early discharge planning, 

in 2018 there was a reduction of the 

percentage of patients with delayed 

discharge compared to 2017, although it 

didn’t reach the level of statistical 

significance, the average duration of 

delayed discharge, however, was 

significantly reduced from 2017 to 2018. 

Our results show an increase in the ICU 

expenditure in 2018 as compared to 2017, 

although not statistically significant, and 

this may be explained by the increase in the 

number of admitted patients, the cost of 

delayed discharge patients in 2018 is less 

than that of 2017, which can be explained 

by the actual reduction of the LOS of those 

patients, although being fewer may also be a 
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contributing factor. Keeping in mind that 

expenditure results are not very accurate, 

since they are based on estimations, which 

do not account for the case severity.  

 

CONCLUSIONS 

 There is evidence of acceptable 

performance of the ICU with regards to 

mortality rate. 

 We still need to improve our average 

LOS for all patients. 

 There is improvement in 2018 

performance compared to 2017. 

 Insignificant changes in expenditure 

between the two comparison periods.  

 

Recommendations 

Since our major finding is a prolonged LOS, 

we would like to recommend some 

interventions aiming at its reduction: 

1. Full activation and implementation of 

Do Not Resuscitate (DNR) policy, 

which can be achieved through better 

communication with relatives and 

families. 
(27, 28)

 

2. Implementation of the services of case 

managers within the ICU, as their efforts 

were shown to reduce LOS through 

minimizing delays in surgical and 

invasive procedures. 
(29)

 

3. Starting a step down unit to receive 

chronic patients who require mainly 

nursing care from the ICU, which may 

lead to decrease in average LOS, and 

evacuate highly demanded ICU beds for 

critical cases. As well as better 

collaboration with higher authorities in 

the Ministry of Health to facilitate the 

transfer of those patients to nursing 

homes or rehabilitation centres. 

4. Initiation of a quality improvement 

project of early mobilization of chronic 

and ventilated patients in the ICU, 

which not only decreases LOS, but 

improves quality of life after discharge 

as well. 
(30)

 

 

Limitations: 

This study has a number of 

limitations, to start with it is a retrospective 

observational study, it included patients 

discharged in only one year, and so a small 

sample size, leading to under power of the 

study, the different outcomes of the study 

were not correlated to diagnoses, nor the 

LOS was adjusted to severity as our hospital 

is yet to adopt ICD-10 
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