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Abstract

Research Article

IntroductIon

High occupancy rate and capacity completeness are one of 
the serious problems in managing the beds of the critical care 
units.[1] In this context, hospital surge capacity is one of the 
strategies that can introduce a coordination between patients’ 
referrals to hospitals and convenience facilities.[2] Hospital 
surge capacity means strengthening the potential of the hospital 
in the face of a crisis or a disaster. In addition, it improves the 
ability of hospitals when they face an increasing demand for 
service delivery.[3‑6] Reverse triage can help hospital surge 
capacity. The goal of reverse triage is safe to discharge of 
hospitalized patients and allocation of hospital resources to 
patients who need more advanced health‑care services.[2,7,8] 
Early warning scoring systems are one of the methods that 
can enhance the success of reverse triage. Early warning 
scoring systems are used to assess the clinical status; estimate 
the probability of recovery, the physiological uncertainty, and 

the probability of survival; and prioritize and optimize patient 
care.[9,10] These systems can also be used in decision‑making 
and clinical judgment, standardization of research in the 
field of critical care, determining work pressure, optimal 
allocation of human and technical resources, and comparing 
the quality of care between the critical care units.[11,12]

Sequential organ failure assessment (SOFA) is one of the 
well‑known scoring systems. This system was developed in 
1994 to review the failure of six organs, namely pulmonary, 
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blood, cardiovascular, liver, central nervous, and renal 
organs.[13] Then, in 2007, Grissom et al. introduced a simplified 
version of this system known as the Modified Sequential Failure 
Organ Assessment (MSOFA). In this version, laboratory tests 
such as platelet count were removed, and SpO2/FiO2 ratio was 
replaced with PaO2/FiO2. In addition, the evaluation of serum 
bilirubin level was replaced with clinical evaluation.[14]

Various studies have used MSOFA for triage, prognostic 
measurements, and assessing the mortality rate of patients in 
critical care settings.[9,15,16] However, so far, this system has not 
been used as a trusted tool for reverse triage.

Therefore, due to the importance of early discharge of patients 
and increasing the capacity of the critical care units, and since 
the researchers did not find an evidence‑based method for 
reverse triage of patients, this study was conducted with the 
aim of developing a reverse triage system based on MSOFA 
scores for increasing the critical care surge capacity.

subjects and Methods

Design, setting, and participants
This study was performed using a longitudinal, prospective 
design from March 2015 to November 2016. Research subjects 
were hospitalized medical patients in the critical care unit of 
a referral hospital in Iran. The sample size was determined 
based on the recommendation of researchers to validate the 
results of multiple logistic regressions. This recommendation 
states that the number of completed questionnaires should 
be between 5 and 10 times of the number of items in the 
questionnaire.[17] Therefore, since the items of MSOFA systems 
were 22 variables, the minimum sample size for this study was 
estimated as 220 patients. However, the researchers obtained 
420 patients to achieve more favorable results. The inclusion 
criteria included the consent of the patient or to participate 
in the study and the possibility of completing the MSOFA 
questionnaire for the patient. The exclusion criteria included 
continuation of the patient’s treatment in another center, 
uncertainty of the patient’s outcome after discharge from the 
critical care unit, and failure to perform necessary laboratory 
tests to estimate the MSOFA score.

Data collection and measurement
Data were collected using a demographic questionnaire and the 
MSOFA system. The demographic questionnaire was applied 

to collect information about the patients’ age, gender, cause, 
and number of hospitalizations, duration of stay in the critical 
care unit, and the presence or absence of a chronic disease. 
The MSOFA system was applied to measure the parameters 
related to respiratory, cardiovascular, renal, hepatic, and central 
nervous systems. The function of each organ was scored from 
0 to 4. Then, the scores obtained from the performance of these 
five vital organs are combined, and the MSOFA score of the 
patient is determined from 0 to 20. A higher score indicates 
a greater deterioration in the patient’s condition [Table 1]. 
The MSOFA system is a valid and reliable tool that has been 
used in several studies,[14,18,19] as its reliability coefficient for 
hospitalized patients in the critical care units has been found 
to be 0.94.[18]

The demographic data and the MSOFA score for each patient 
were estimated and documented at the admission time. 
The estimation and documentation of MSOFA scores were 
continued till the discharge time from the critical care unit. 
To calculate the MSOFA score, the lowest levels of daily 
variables that indicated the worst conditions of the patient were 
considered as the patient’s score on that particular day. The 
final status of the patients was monitored till discharge from the 
hospital. Then, the patients were categorized into two groups 
according to their final status. The patients in the first group 
were discharged from the hospital with partial or complete 
improvement in their health status. However, the second group 
included dead patients or patients who had returned to the 
critical care unit before discharge from the hospital. The final 
status of the patients was used as a criterion for statistical tests.

Statistical analysis
Data analysis was performed using the SPSS software, edition 
16 (IBM Corporation). The Cox regression method (Backward: 
Wald method) was used to determine the relative risk values. 
The leveling of the transmission risk of patients from the 
critical care unit was carried out in two steps. In the first step, 
the relative frequency of death or the return of patients to 
the critical care unit was determined based on their MSOFA 
scores at the discharge time. Accordingly, the MSOFA scores 
were divided into the following three categories: the scores 
of patients with <4% mortality or return to the critical care 
unit, the scores of patients with 4%–99% mortality or return 
to the critical care unit, and the scores of patients with 100% 
mortality.

Table 1: Modified Sequential Organ Failure Assessment Score

Organ system 0 1 2 3 4
Respiratory SpO2/FiO2 >400 ≤400 ≤315 ≤235 ≤150
Liver No scleral icterus or jaundice Scleral icterus or jaundice
Cardiovascular, 
hypotension

No hypotension MAP <70 mmHg Dopamine ≤5 
or dobutamine 
any dose

Dopamine >5
Epinephrine ≤0.1
Norepinephrine ≤0.1

Dopamine >15
Epinephrine >0.1
Norepinephrine >0.1

CNS, Glasgow coma scale 15 13‑14 10‑12 6‑9 <6
Renal, creatinine mg/dl <1.2 1.2‑1.9 2.0‑3.4 3.5‑4.9 >5.0
MAP: Mean arterial pressure; CNS: Central nervous systems
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In the second step, the relative risk calculated using Cox 
regression was multiplied by MSOFA scores. Using this 
method, the relative risk of death after discharge was obtained 
based on the MSOFA scores. Then, the relative risk values 
based on MSOFA scoring, the relative risk of death, and 
patients’ return to the critical care unit were put together in 
a table. In this manner, the patients were divided into the 
following three levels for discharge: First (green color), 
second (black color), and third (red color). The significance 
level was considered to be 0.05 in all statistical calculations.

Ethical considerations
This study was approved by the Research Ethics Committee 
of Semnan University of Medical Sciences, Semnan, Iran 
(No: IR. SEMUMS. REC.1394.182). In addition, informed 
consent was obtained from all participants, and the purpose of 
the study was explained to each patient. It was also emphasized 
to the patients that their participation in the study is voluntary 
and that they could withdraw from the study at any time.

results

Of the study patients, 234 (55.7%) were males and the 
remaining were females. The average age of the patients was 
42.91 ± 20.64 years. In addition, 274 patients (65.2%) had a 
history of hospitalization in the critical care unit. The average 
length of stay in the critical care unit was 6.8 ± 4.88 days, and 
243 patients (57.9%) were attached to a mechanical ventilation 
device during the critical care unit admission. Of the patients, 
296 (70.5%) were discharged from the hospital with relative 
improvement, 9 (2.1%) again needed special care and were 
readmitted to the critical care unit, and 115 patients (27.4%) 
died before discharge from the hospital [Table 2].

The mean MSOFA score of the patients on the 1st day of 
admission in the critical care unit was 5.4 ± 3.8. With the 
increase in the number of admission days, the mean MSOFA 
scores were increased, from to 6.1 ± 4.3 and 10.8 ± 3.8 on the 

10th and the 20th days of admission, respectively. The relative 
risk of patients’ transmission from the critical care unit was 
1.082 (95% CI= 1.062‑1.099). The calculated relative risk 
showed that for each unit increase in MSOFA scores, the risk of 
death after discharge from the critical care unit or readmission 
to the critical care unit was increased by 8.2%.

The results showed that only 3% of discharged patients with 
an MSOFA score of ≤3 returned to the critical care unit and 
all patients with an MSOFA score of ≥9 died. Furthermore, 
8%–66.6% of patients died or returned to the critical care 
unit, with MSOFA scores ranging from 4 to 8. Finally, by 
multiplying the MSOFA scores with the relative risk value 
of death after discharge, the relative risk (8.2%) of patients 
discharged from the critical care unit was calculated based on 
each MSOFA score. By combining the MSOFA scores, the 
numerical values of relative risk based on each score, and the 
mortality rate in each score, the leveling of the transmission 
risk of medical patients from the critical care unit was obtained. 
The relative risks of death were <25%, >70%, and between 
25.1% and 69.9% for the three color levels of green, black, 
and red, respectively [Table 3].

dIscussIon

Triage protocols are designed to provide maximum benefit 
to a large number of patients.[15] In this study, a protocol was 
developed to increase hospital surge capacity in the critical 
care unit. Therefore, the MSOFA system was used as a tool 
for predicting the patients’ deterioration for leveling of the 
transmission risk of medical patients from the critical care 
unit. In this context, several studies have demonstrated that 
MSOFA has good power in predicting morbidity and mortality 
of patients.[14,19‑21]

The results of this study showed that the average MSOFA score 
of medical patients at the admission time in the critical care 
unit was 5.4 ± 3.8. Sendagire et al. and Halim et al. reported 
the average MSOFA scores on the 1st day of admission to 
be 6.3 ± 5.7 and 3.1 ± 98.95, respectively.[19,20] This finding 
suggests that different approaches were used when deciding 
on patients’ admission in the critical care unit. It appears that 
factors such as the level of development of medical knowledge, 
the availability of advanced medical equipment, and the 
per capita number of critical care unit beds of a country are 
effective in determining patients’ hospitalization in the critical 
care units. Therefore, the results of this study can be used to 
equalize and provide evidence for using the MSOFA system.

In the present study, the mean MSOFA scores were found to be 
increased according to the increase in the number of admission 
days. Similarly, Gholipour et al. and Grissom et al. reported 
that the mean MSOFA scores showed an increasing trend over 
time in patients admitted to the critical care unit.[14,21] However, 
Sendagire et al. reported a decreasing trend.[19] The reason for 
the increase in the mean MSOFA scores in the current study 
and some other studies is that over time, some patients who 
were better and had lower MSOFA scores were discharged 

Table 2: Demographic variables and hospitalization dataa

Variables Frequency
Age (year) 42.91±20.64
The average length of stay in critical care unit (day) 6.80±4.88
Critical care unit hospitalization history, n (%)

Yes 274 (65.2)
No 146 (34.8)

Gender, n (%)
Male 234 (55.7)
Female 186 (44.3)

Use mechanical ventilation, n (%)
Yes 16 (10.4)
No 81 (52.9)

Outcome of patients, n (%)
Discharge from hospital 296 (70.5)
Re‑admission to critical care unit 9 (2.1)
Death in hospital 115 (27.4)

aData are presented as n (%) or Mean±SD. SD: Standard deviation
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from the critical care unit. Moreover, the death of patients 
with high MSOFA scores in the first few days of admission 
was one of the reasons for the increase in the mean scores.[18] 
Therefore, the trend observed in the MSOFA scores may be 
an indicator of the advancement of medical systems. In fact, 
the decreasing trend of MSOFA scores may be because of 
the following factors: Late referral to hospitals due to lack 
of diagnostic and care facilities, lack of vacant beds in the 
critical care units, and death in the early days of admission in 
the critical care units.

In this study, the relative risk of patients’ transmission from 
the critical care units was 1.082 (95% CI= 1.062‑1.099), which 
indicated that for each unit increase in the MSOFA scores, 
the risk of death after discharge or readmission to the critical 
care unit would increase by 8.2%. In this context, although 
there was no study regarding the relative risk assessment of 
SOFA scores at the time of admission or discharge of patients, 
several studies have used the odds ratio to determine the risk 
of MSOFA scores. In the study of Babamohamadi et al., the 
odds ratio was calculated as 1.325. This value indicated that 
for each unit increase in the MSOFA score, the probability of 
death increased by 32%.[18] Namendys‑Silva et al. reported 
that the probability of patients’ death was 35% for each unit 
increase in MEXSOFA scores.[22] The relative risk indicates a 
more accurate estimate of the probable risk exposure compared 
with the odds ratio. Therefore, the use of relative risk rather 
than the odds ratio can prevent‑related issues and biases.[23]

In this study, the odds ratio was used to increase the accuracy 
and precision of the calculation of risk of death in patients. 
Therefore, compared with other studies, the risk level for each 

unit increase in MSOFA scores was lower than the reported 
level in other studies.

In this study, the leveling of the risk of patients’ discharge from 
the critical care unit led to the establishment of a three‑level 
protocol for reverse triage. These three levels were related to 
the relative risk of death. In the first level, patients had the 
lowest chance of death or return to the special department. 
The second level was pertained to patients who were in the 
final stage of life, and no improvement in health status was 
assumed for them. Usually, these patients were transferred to 
the hospital departments. However, in the third level, there 
were patients who could benefit from critical care. Therefore, 
it is more cost‑effective to consider the major care measures 
for these patients. In fact, according to the results of this study, 
these patients had the highest priority in accessing the critical 
care. Christian et al. used SOFA to design triage protocols for 
use in avian influenza crises. They used the review literature 
process, internet search, and consultation with the critical care 
intensivist to design their protocol. Finally, they prioritized the 
patients into four levels.[15] Kelen et al. identified the criteria 
for early discharge during disasters using a specialized panel. 
They divided the patients according to a scale of 10 scores into 
the following three importance groups: importance (7–10), 
moderate importance (5–5), and low importance (<4).[7] 
According to the above‑mentioned studies, the specialized 
panel and the literature were used for leveling the patients’ 
status. In addition, in most of the studies, a triage protocol was 
designed to prioritize the admission of patients in the critical 
care units. However, in the present study, the proposed triage 
protocol was based on data that were collected from patients 
admitted to the critical care units and a reverse triage protocol.

Table 3: Leveling of transmission risk of medical patients from the critical care unit

Transmission level Patient status after discharge The last day MSOFA 
score in critical care 

unit

Leveling of 
transmission 

risk (%)
Death, n (%) Readmit to critical care 

unit, n (%)
Discharge from 
hospital, n (%)

Level 1 0 2 (3.33) 58 (96.67) 0 0
0 2 (2.5) 79 (97.50) 1 8.2

1 (1.30) 1 (1.30) 75 (97.40) 2 16.4
0 1 (2.63) 37 (97.37) 3 24.6

Level 2 5 (100) 0 0 9 73.8
12 (100) 0 0 10 82
17 (100) 0 0 11 90.2
16 (100) 0 0 12 98.4
21 (100) 0 0 13 106.6
13 (100) 0 0 14 114.8
14 (100) 0 0 15 123
7 (100) 0 0 16 131.2
4 (100) 0 0 17≥ 139.4≥

Level 3 1 (2.78) 2 (5.55) 33 (91.67) 4 32.8
0 1 (11.10) 8 (88.90) 5 41
0 0 5 (100) 6 49.2

1 (50) 0 1 (50) 7 57.4
1 (33.34) 1 (33.33) 1 (33.33) 8 65.6

MSOFA: Modified sequential organ failure assessment
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conclusIon

MSOFA can be used as a deciding tool in discharging patients 
from the critical care unit. In this study, MSOFA contributed 
to designing a leveling system for patients admitted to the 
critical care unit. Based on this system, caring team members 
can predict the final health status of the patient. Therefore, to 
obtain more scientific evidence, it is recommended that this 
system should be used to assess the risk of transmission of 
patients with other clinical conditions in the critical care units.
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