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Abstract

Background: Being aware of trauma patients’ conditions and predicting their outcome has always been of a great interest. To
determine the state and prognosis of these patients, we should find ways to enable the timely identification of those with poor
health and allow the physicians to treat them before the situation gets out of hand.
Objectives: The present study aimed at evaluating the efficiency of respiratory index (RI) in determining the short-term prognosis
of multiple trauma patients in comparison with revised trauma score (RTS).
Methods: In this cross-sectional study, all multiple trauma patients who were admitted to emergency department (ED) of Shahid
Rajaee hospital, Shiraz, Iran, during September and October 2013 were included. Demographic data and data regarding vital signs
(blood pressure, heart rate, respiratory rate, GCS, and oxygen saturation), respiratory tract status, trauma type, blood gases, proce-
dures performed in resuscitation room, and final outcome of the patients (discharge, disposition to general unit, intensive care unit,
or operating room, and dying) were recorded using a predesigned checklist. Based on the collected data, RTS and RI were calculated
for each patient and their correlation and the final outcome were evaluated.
Results: Evaluating 187 multiple trauma patients showed that 131 (70%) patients had head injury, 78 (42%) chest injury, 66 (35%) ab-
dominal injury, 49 (26%) extremity injury, 27 (14%) neck injury, and 4 (2%) vascular injury. A significant correlation was seen between
RI and RTS (P = 0.024). RTS differentiated patients with good and poor health (P < 0.05), while RI showed no significant correlation
with patients’ short-term final outcome.
Conclusions: Based on the findings of this study, RI cannot properly estimate short-term prognosis of multiple trauma patients,
but it can be used as an independent factor in evaluating the severity of injury.
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1. Background

Being aware of trauma patients’ conditions and pre-
dicting their outcome has always been of a great inter-
est. To determine the state and prognosis of patients, we
should find ways to enable the timely identification of
those with poor health and allow the physicians to treat
them before the situation gets out of hand. Many indexes
have been introduced as prognostic factors for predict-
ing trauma outcome. Among these indexes are Glasgow
coma score (GCS), revised trauma score (RTS), injury sever-
ity score (ISS), and its modified version new ISS (1). GCS was
introduced in 1974 to help evaluate and record the severity
of brain injury in trauma patients. This scale was consid-
ered as a base for determining the treatments used (2). ISS
is a system for anatomical evaluation of patients with mul-
tiple trauma, which is linked to mortality, complications,
duration of hospitalization, and other indicators of dis-
ease severity (3-5). Limitations of this system include errors

in calculation and reaching equal scores in many injuries
(3, 4). New ISS is an improved version of ISS that is able to
predict the survival rate more accurately (6). RTS is used
to predict the final outcome of the patients post-trauma
and studies have demonstrated that this scale is useful in
prediction of patient mortality (5, 7-9). Respiratory index
(RI) (RI = alveolar-arterial oxygen gradient (P(A-a)O2) nor-
malized by PaO2), or the ratio of alveolar-arterial oxygena-
tion gradient to arterial oxygenation is a scale that reflects
the difference in oxygen concentration between lung alve-
oli and arterial blood, and its variations represent the dif-
ferences in body oxygenation. RI rates rise by age, hep-
atic and cardiac diseases, sepsis, and respiratory diseases
(10). This index can be used to evaluate respiratory func-
tion and severity of lung injuries (10-12). In trying to use
this index, McFarlane et al. showed that this scale makes di-
agnosing embolism very unlikely and reduces the need for
further evaluations (13). Also, in a similar study, Deutsch et
al. expressed that this index cannot be an efficient screen-
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ing method for pulmonary embolism and that standard
imaging methods should be used as soon as possible (14).
It seems that this index can properly reflect the respiratory
function and be used as a predicting factor for respiratory
status in the vital hours post-trauma. Therefore, consider-
ing the number of multiple trauma patients and the im-
portance of their timely treatment and resuscitation, in
this study, we aimed at evaluating the efficiency of RI in
determining the short-term prognosis of multiple trauma
patients in an emergency department (ED) compared to
RTS.

2. Methods

In the present cross-sectional study, all multiple
trauma patients who were admitted to the emergency de-
partment of Shahid Rajaee hospital during September and
October 2013 were evaluated. Patients hospitalized less
than 6 hours, children under 14 years, and patients whose
blood gases did not need to be measured were excluded.
Demographic data and vital signs (blood pressure, heart
rate, respiratory rate, GCS, and oxygen saturation), respi-
ratory tract status, trauma type, blood gases, procedures
performed in resuscitation room, and final outcome of the
patients (discharge, disposition to general unit, intensive
care unit, or operating room, and dying) were recorded
using a predesigned checklist. RTS was calculated for
each patient based on the scores obtained for GCS, systolic
blood pressure, and respiratory rate per minute. RTS calcu-
lation method for multiple trauma patients is presented
in Table 1. RI was calculated based on the standard formula
using blood gas measurements. Average air and water
vapor pressure in Shiraz, Iran, were considered 637 and
47 mmHg, respectively. Also, oxygen saturation and respi-
ratory gas exchange ratio were 21% and 0.8, respectively.
After calculating RI and RTS rates, their correlation with
one another and with the final outcome was evaluated to
reach a method to determine the short-term prognosis
of trauma patients. Short-term prognosis consisted of
discharge, disposition to general unit, intensive care unit,
or operating room, and dying. Data were analyzed by t test
and ROC curve using SPSS Version 19. Significance level was
considered to be P < 0.05. This study was approved by the
ethics committee of Shiraz University of Medical Sciences.
The researchers adhered to the principles of Helsinki
declaration and protection of patient information.

3. Results

In this study, 187 multiple trauma patients, who were
admitted to the ED during September and October 2013

Table 1. Revised Trauma Scale Calculations in Trauma Patients

RTS Code GCS SBP RR

4 13 - 15 > 89 10 - 29

3 9 - 12 76 - 89 > 29

2 6 - 8 50 - 75 6 - 9

1 4 - 5 1 - 49 1 - 5

0 3 0 0

Abbreviations: RR, Respiratory Rate; SBP, Systolic Blood Pressure.

were evaluated. Of the patients, 131 (70%) had head injury,
78 (42%) chest injury, 66 (35%) abdominal injury, 49 (26%)
extremity injury, 27 (14%) neck injury, and 4 (2%) vascular
injury. Table 2 demonstrates the patients’ trauma informa-
tion. Vital signs included blood pressure, heart rate, res-
piratory rate, GCS, oxygen saturation, and blood gas levels
(Table 3). In this study, due to deficiency in the collected
data, RTS was calculated for 143 out of the 187 patients and
RI for 110. A significant correlation was obtained between
RI and RTS (P = 0.024), RTS decreased as RI increased. Only
1 patient was discharged and 186 were hospitalized in dif-
ferent units or died. Of the patients, 66 were in good con-
dition (1 was discharged and 65 were hospitalized in the
general unit) and 121 had a poor condition (50 were hos-
pitalized in intensive care unit, 57 were sent to operating
room, and 14 died in the resuscitation room). RI and RTS
relationship with patients’ short-term prognosis was eval-
uated. Mean RTS was 11 for the discharged patients and 10.6
for those who were hospitalized, which is not significantly
different. However, there was a significant difference be-
tween the patients with generally good and poor condi-
tions (P < 0.05).This means that RTS was able to predict the
prognosis of patients with generally good and poor con-
ditions. The best cutoff point was 10.5, with 70% sensitiv-
ity and 74% specificity. Mean RTS was 10.25 for those who
died and 10.7 for those who survived, which was not signifi-
cantly different. Evaluation of the relationship between RI
and the final outcome of the patients revealed no signifi-
cant correlation with any of the studied outcomes. Figure 1
demonstrates the ROC curve for evaluating the ability of RI
to differentiate the patients with generally good and poor
conditions (P = 0.420).

4. Discussion

Based on the findings of this study, it seems that RI
compared to RTS, does not have the ability to predict short-
term prognosis of trauma patients and their outcome. The
present study aimed to enable the better prediction of res-
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Table 2. Number and Percentage of Injuries Detected in Patients

Injury No. (%)

Vascular 4 (2.1)

Extremities 49 (26.2)

Abdomen 66 (35.3)

Chest 78 (41.7)

Neck 27 (14 4)

Head 131 (70.1)

Table 3. Vital Signs and Blood Gas Level Recordings of Patients

Vital Signs Mean ± SD

Systolic Blood Pressure, mm/Hg 125 ± 26

Diastolic Blood Pressure, mm/Hg 78 ± 17

PR, Beat/min 98 ± 25

RR, Resp/min 22 ± 10

GCS 10 ± 4

Oxygen saturation 91 ± 9

Blood gas levels

HCO3 22.5 ± 18.4

BE -4.8 ± 4

PCO2 37.5 ± 9.4

PO2 54.5 ± 33

PH 7.3 ± 0.1

Abbreviations: PR. Pulse Rate; RR. Respiratory Rate.

piratory status of trauma patients admitted to the resusci-
tation room in Shahid Rajaee hospital and it showed that
RI and RTS are significantly similar. As RI increased, RTS
decreased, which indicated that RI can be an indicator of
injury severity. Evaluating the relationship between RTS
and final outcome of the patients revealed a significant
correlation only with poor or good condition. In this case,
RTS for 53 patients with good condition and 90 with poor
condition showed that this scale can differentiate these 2
groups. Yet, it could not predict discharge or death of the
patients. This can be due to the low number of cases in
these groups. In evaluating the relationship between RI
and final outcome, none of the studied outcomes showed
any correlation, which indicates that although RI can be
used as a factor indicating the severity of injury, it can-
not accurately predict the short-term prognosis of multi-
ple trauma patients. RI, or the ratio of alveolar-arterial oxy-
genation gradient to arterial oxygenation, is a scale that re-
flects the difference in oxygen concentration between lung
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Figure 1. The Relationship Between Respiratory Index and Short-Term Prognosis of
the Patients

alveoli and arterial blood, and its variations represent the
differences in body oxygenation which can be calculated
by knowing blood gas measurements (13). This index in-
creases in sepsis, liver, cardiac, and especially respiratory
illnesses and can, therefore, be used as a predictive factor
for evaluating respiratory function and severity of respira-
tory injuries (10-12). In a study on 151 patients with respi-
ratory and nonrespiratory sepsis, liver cirrhosis, and car-
diac failure, RI was evaluated as an index for measuring res-
piratory oxygenation. As the results revealed, RI has the
closest relationships with pulmonary shunt and venous
blood oxygen content, which indicates that RI increases
with the severity of the underlying illness. In patients
with liver cirrhosis and extra-pulmonary sepsis, the rea-
son for increased RI was ventilation perfusion mismatch,
while in patients with pulmonary sepsis the reason was
direct limitation in alveolar oxygen exchange, and in pa-
tients with cardiac failure it increased because of the a dis-
proportionate decrease in mixed venous oxygen (10). In
1989, Laghi et al. studied 240 severe trauma patients, 88
of whom were affected by posttraumatic respiratory dis-
tress syndrome, and they found a significant correlation
between RI/pulmonary shunt ratio and posttraumatic res-
piratory distress syndrome. This index showed a signifi-
cant increase in patients with posttraumatic respiratory
distress syndrome compared to trauma patients without
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respiratory distress syndrome, or those who were recov-
ering from this syndrome (15). In another study in 1994,
McFarlane et al. evaluated normal alveolar-arterial oxy-
gen gradient in patients with suspected pulmonary em-
bolism and compared it to compute tomography results
as the gold standard. They expressed that normal alveolar-
arterial oxygen gradient makes diagnosing embolism very
unlikely and reduces the need for further evaluations in pa-
tients who had no history of pulmonary embolism or deep
vein thrombosis (13). Also, in 2010, Deutsch et al. assessed
the value of RI as a screening tool for embolism diagnosis
in pregnant women and revealed that it is not an efficient
and that standard imaging tools should be used for these
patients (14). In a study, Chieregato et al. evaluated the rela-
tionship of difference in cerebral artery and vein CO2 pres-
sure with the difference in arterial and venous oxygen in
predicting cerebral ischemia in 55 severe cerebral injuries.
They found that these evaluations alone are not specific
enough to assess cerebral ischemia and better scales are
needed (16). In 2012, Reed et al. designed a system aiming
to predict death due to lower respiratory tract diseases in
4184 affected children. They expressed that their system ef-
fectively differentiates the children with lower respiratory
tract diseases and can be used as a tool to determine mor-
tality risk and severity of respiratory diseases in children
(17). Then, Emukule et al. designed a modified version of
this system for children under 5 years in 2014 and revealed
that with an increase in this index, mortality rates also in-
creased. They succeeded in predicting which children were
more susceptible to death due to respiratory tract diseases
(18). Therefore, we can conclude that although RI can be
used as an injury severity factor due to its significant corre-
lation with RTS, it cannot correctly estimate the short-term
prognosis of multiple trauma patients. The results of this
study dismiss using RI as a prognosis-predicting factor.

4.1. Conclusion

It seems that although RI can be used as an injury sever-
ity factor because of its significant correlation with RTS, it
cannot correctly estimate the short-term prognosis of mul-
tiple trauma patients.
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