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Abstract: Background: Although the relationship between cardiovascular and respiratory parameters and
mortality in trauma patients has been reported in studies, the findings have been contradictory in
many cases. Therefore, the present study aimed to evaluate the relationship of systolic and diastolic
blood pressures, heart and respiratory rates, arterial oxygen saturation and shock index with 6-
month mortality of trauma patients.

Methods: In a prospective cohort study, vital signs of the trauma patients presenting to emergency
department were evaluated on admission. The patients were followed for 6 months and mortalities
were recorded. Finally, using stepwise multivariate logistic regression test and reporting odds ratio
(OR) with 95% confidence interval (CI) and multilevel, random intercept logistic regression models,
the relationship between the evaluated factors and probability of death was assessed.

Results: Data of 3158 patients with the mean age of 31.47+16.37 years (73.65% male) were evalu-
ated. Apart from heart rate, the relationship of all the factors with probability of death was non-
linear. The slope of mortality risk remained relatively constant with increase in heart rate, which
means that with increase in heart rate, the probability of death also increased linearly (R2=0.98;
p<0.0001). Probability of death in trauma patients is very low in respiratory rates less than 14;
however, in higher rates, the probability rises significantly (R2=0.95; p<0.0001). In addition, re-
garding arterial oxygen saturation level, probability of death is low in saturation levels over 90%
but increases significantly when it is under 90% (R2=0.94; p<0.0001). Rise of the shock index to
rates higher than 1 also increases the probability of death significantly (R2=0.93; p<0.000). When
diastolic blood pressure is in the 70-90 mmHg range, probability of death is very low but it signifi-
cantly rises in pressures less than this (R2=0.97; p<0.0001). A similar pattern exists regarding sys-
tolic blood pressure, which indicates a low probability of death when systolic blood pressure is over
100 mmHg, yet the probability of death increases significantly when the pressure is lower than that
(R2=0.93; p<0.0001).

Conclusion: Findings of the present study showed that apart from heart rate, other evaluated fac-
tors had an s-shape correlation with mortality in trauma patients. In other words, with little change
in any of these factors, mortality risk of trauma patients can rise significantly. Therefore, continuous
monitoring of blood pressure, heart rate, respiratory rate, and arterial oxygen saturation level in
emergency departments is of great importance.
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1. Introduction

been considered by physicians and medical teams

from along time ago. These parameters have been
used for classifying patients and identifying high risk
patients. Assessment of blood pressure, heart rate, res-
piratory rate, body temperature, arterial oxygen satura-
tion (SpO0z2) level and other factors are all basic evalua-
tions for trauma patients (1-7). Based on the existing
guidelines, a cut-off point has been reported for each of
these factors and physicians identify high risk patients
based on them. However, in recent years some studies
have expressed that first, some of these factors are not
significantly related to the outcome of trauma patients
and second, the existing cut-off points are not that accu-
rate. For example, Fuller et al. express that the risk of
mortality is 1.5 times higher in patients with systolic
blood pressure less than 120 mmHg, 2 times higher in
those with a blood pressure less than 100 mmHg and 6
times higher in blood pressure less than 70 mmHg (8).
On the other hand, Cooke et al. express that arterial
blood pressure and SpOz2 are not related to mortality in
trauma patients [9]. Therefore it seems that although
the relationship of cardiovascular and respiratory fac-
tors with mortality of trauma patients has been re-
ported in previous studies, the results are contradicting
in many cases (5, 8-13). Therefore, the present study
aimed to evaluate the relationship of systolic and dias-
tolic blood pressures, heart and respiratory rates, SpO2
and shock index with 6-month mortality in trauma pa-
tients.

P hysiological evaluation of trauma patients has

2. Method

2.1. Study design and setting

The present study is a cohort one with 6 months follow
up in which the relationship of systolic and diastolic
blood pressures, heart and respiratory rates, arterial ox-
ygen saturation and shock index with mortality of
trauma patients was evaluated from May to November
2016 in 4 educational hospitals throughout Tehran
province, Iran. Data were gathered prospectively on ad-
mission by an emergency medicine specialist using con-
venience sampling. Protocol of the present study was
approved by the ethics committee of Tehran University
of Medical Sciences. Throughout the course of the study,
the researchers adhered to the principles introduced in
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the Declaration of Helsinki. It should be noted that the
patients or their relative signed the informed consent
form before participation in the study.

2.2. Study participants

In this study, trauma patients 16-90 years old present-
ing to emergency department (ED) of the studied cen-
ters were included. Exclusion criteria consisted of death
of the patient before admission to ED and not giving
consent for participation. To determine the sample size,
taking the 5.2% prevalence of mortality in trauma pa-
tients into account (14), and considering 95% confi-
dence interval (CI) (a=0.05), 90% power (3=0.1) and
maximum error of 1.5% (d=0.01) in estimation of mor-
tality prevalence, the minimum required sample size
was calculated to be 189 patients.

2.3. Data gathering

Before the initiation of the main study, a 1-day work-
shop was held for familiarizing the researchers with
data gathering. After training, data gathering forms
were given to the researchers and they were asked to
gather data on age, sex, trauma mechanism, trauma se-
verity based on injury severity score (ISS), level of con-
sciousness based on Glasgow coma scale (GCS), and vital
signs including heart rate, respiratory rate, systolic
blood pressure, diastolic blood pressure, and SpO-. Eval-
uation of blood pressure was done using a mercury ma-
nometer with a cuff for adults from the right hand in su-
pine position. SpO2 was also recorded via a pulse oxime-
ter connected to the index finger of the right hand.

2.4. Studied outcomes

The patients were followed for 6 months and their living
status (dead or alive) was evaluated by phone.

2.5. Statistical analyses

Data were analyzed using STATA 14.0 statistical soft-
ware. The patients were divided into 2 groups of dead
and alive based on their final outcome. Quantitative data
were reported as mean and standard deviation (SD) and
qualitative factors were shown as frequency and per-
centage. The relationship between the studied factors
and outcome of trauma patients was evaluated using in-
dependent t-test and chi square. Each of the significant
factors in these univariate tests were then entered to a
stepwise multivariate logistic regression model to de-
termine the independent factors affecting mortality of
trauma patients. In this model, odds ratio (OR) was re-
ported with 95% CI.

In this analysis, level of systolic blood pressure was di-
vided into 3 groups: normal (blood pressure 100-140
mmHg), hypotension (blood pressure < 100 mmHg),
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and hypertension (blood pressure > 140 mmHg). Dias-
tolic blood pressure was also divided into 3 groups: nor-
mal (60-90 mmHg), hypotension (< 60 mmHg), and hy-
pertension (> 90 mmHg). Heart rate groups were also
normal (60-100 pulses), bradycardia (< 60 pulses),
tachycardia (> 100 pulses) and respiratory rate groups
were normal (12-20 breaths per minute), thachypnea (>
20 breaths per minute) and bradypnea (< 12 breaths
per minute). SpO2 less than 95% was also considered as
abnormal. Shock index was calculated based on dividing
heart rate to systolic blood pressure and values higher
than 1 were considered as abnormal.

Since based on previous studies the relationship be-
tween some vital signs and mortality of trauma patients
is non-linear (8), to evaluate this subject correlation
curves were drawn between probability of death and
the assessed factors using multilevel, random intercept
logistic regression models. In this model, mortality of
the patients was entered as the dependent variable and
systolic and diastolic blood pressures, heart and respir-
atory rates, Sp0O2 and shock index were entered as expo-
sure variables and finally, R-squared, adjusted regres-
sion coefficient was reported.

3. Result

Over the course of the study, data of 3158 patients with
the mean age of 31.47+16.37 years (73.65% male) were
evaluated. The most important mechanism of trauma
was car accident (31.51%). Univariate analysis showed
that all the studied factors including age (p=0.008), sex
(p<0.0001), trauma mechanism (p<0.0001), GCS score
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(p<0.0001), heart rate (p<0.0001), systolic blood pres-
sure (p<0.0001), diastolic blood pressure (p<0.0001),
respiratory rate (p<0.0001), SpO2 (p<0.0001), shock in-
dex (p<0.0001) and trauma severity (p<0.0001) signifi-
cantly correlated with patient mortality (Table 1).
Multivariate logistic regression analysis showed that
among the significant factors in univariate tests, de-
crease of SpOz2 to less than 95% (OR=8.24; p<0.0001),
systolic blood pressure to less than 100 mmHg
(OR=11.80; p<0.0001), diastolic blood pressure to less
than 60 mmHg (OR=2.58; p<0.0001), and respiratory
rate to less than 12 times per minute (OR=1.45; p=0.04)
increases the odds of death in trauma patients. On the
other hand, increase of heart rate to more than 100 per
minute (OR=1.49; p<0.0001), diastolic blood pressure
to more than 90 mmHg (OR=2.78; p=0.01), respiratory
rate to more than 20 per minute (OR=2.15; p<0.0001),
and shock index to more than 1 (OR=2.38; p<0.0001)
are associated with increase in the odds of death in pa-
tients (Table 2).

As can be seen, it seems that the relationship between
some of the evaluated factors and probability of death
in trauma patients is not linear. Therefore, using multi-
level, random intercept logistic regression models,
curves of correlation between probability of death and
these factors were drawn. As can be seen, apart from
heart rate, the relationship between all the factors with
probability of death was non-linear. However, the cor-
relation was very strong. The slope of mortality risk re-
mained relatively constant with increase in heart rate,
which means that with increase in heart rate, the prob-
ability of death also increases linearly (R2=0.98;

LEL) EHE Demographic and at admission characteristics of trauma patients

Alive

Dead

Total

3 *

Variable (n=2599) (n=559) (n=3158) P
Age (year) 31.11+£16.20 33.15£17.05 31.47+16.37 0.008
Male sex 1978 (76.11) 348 (62.25) 2326 (73.65) <0.0001
Mechanism of trauma

Motorcycle accident 326 (12.56) 61 (10.91) 387 (12.27) <0.0001

Car accident 767 (29.55) 227 (40.61) 994 (31.51)

Pedestrian 1006 (38.75) 179 (32.02) 1185 (37.56)

Fall from > 1.5 meters 96 (3.70) 49 (8.77) 145 (4.60)

Fall from < 1.5 meter 254 (9.78) 39 (6.98) 293 (9.29)

Other 147 (5.66) 4 (0.72) 151 (4.79)
GCS 14.88+0.80 13.45+2.65 14.63+1.44 <0.0001
HR (beat/min) 96.84+15.16 100.93+14.59 97.56+15.14 <0.0001
SBP (mmHg) 115.41+12.27 101.38+19.94 112.92+14.93 <0.0001
DBP (mmHg) 75.85+8.29 65.91+15.32 74.10£10.60 <0.0001
RR (rate/min) 13.57+1.71 16.27+2.79 14.05+2.20 <0.0001
Spo2 (%) 97.67+1.36 95.17+3.28 97.22+2.08 <0.0001
Shock index 0.85+0.17 1.04+0.28 0.88+0.21 <0.0001
ISS 9.76+6.93 25.72+13.06 10.24+7.69 <0.0001

*, data are presented as mean+SD or n (%). DBP: diastolic blood pressure; GCS: Glasgow coma scale; HR: heart rate; ISS: injury severity score; RR: respiratory

rate; SBP: systolic blood pressure; Spo2: oxygen saturation.
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LELENE Multivariate analysis for assessment of relationship between vital signs on admission and 6-month

mortality of trauma patients

Variable Odds Ratio 95% CI P*
HR<60 beat/min 1.49 1.23t0 1.89 <0.0001
Spo2<95% 8.24 5.87 to 11.56 <0.0001
SBP<100 mmHg 11.80 7.17 to 19.14 <0.0001
DBP<60 mmHg 2.58 1.96 to 3.40 <0.0001
DBP>90 mmHg 2.78 1.31to 5.90 0.01
Shock index >1 2.38 1.80 to 3.16 <0.0001
RR<12 rate/min 1.45 1.02 to 2.06 0.04
RR>20 rate/min 2.15 1.46 to 3.15 <0.0001

*, adjusted for age, sex, mechanism of trauma, level of conciseness and injury severity score. CI: confidence interval; HR: heart rate; Spo2: oxygen saturation;

SBP: systolic blood pressure; DBP: diastolic blood pressure, RR: respiratory rate.

p<0.0001). Although probability of death in trauma pa-
tients is very low in respiratory rates less than 14, in
higher rates, the probability rises significantly and
reaches a plateau in about 24 breaths (R=0.95;
p<0.0001). Additionally, regarding SpO: level, probabil-
ity of death is low in saturation levels over 90% but in-
creases significantly when it is under 90% (R?=0.94;
p<0.0001). Rise of the shock index to rates higher than
1 also increases the probability of death significantly
(R2=0.93; p<0.000). The relationship between mortality
and systolic and diastolic blood pressures was also non-
linear. In other words, when diastolic blood pressure is
in the 70-90 mmHg range, probability of death is very
low but it significantly rises in pressures less than this
(R2=0.97; p<0.0001). A similar pattern exists regarding
systolic blood pressure, which indicates a low probabil-
ity of death when systolic blood pressure is over 100
mmHg, yet the probability of death increases signifi-
cantly when the pressure is lower than that (R?=0.93;
p<0.0001) (Figure 1).

4. Discussion

Findings of the present study showed that blood pres-
sure, heart rate, respiratory rate, SpO2, and shock index
have a significant correlation with mortality of trauma
patients. This emphasizes the importance of paying
more attention to initial evaluations and physiological
parameters in trauma patients. Apart from heart rate,
other factors had an S-shape correlation with mortality
of trauma patients. In other words, with little change in
any of these factors, mortality risk of trauma patients
can rise significantly. Therefore, continuous monitoring
of blood pressure, heart rate, respiratory rate, and SpO:
level in EDs is of great importance.

In line with the present study, Fuller et al. showed that
there is a U-shape correlation between systolic blood

pressure and probability of death in patients with trau-
matic brain injuries. These researchers expressed that
the risk of death in patients is 3 times higher in systolic
blood pressures less than 90 mmHg and 6 times higher
in pressures less than 70 mmHg (8). The current study
also showed that systolic blood pressure less than 100
mmHg increases the odds of mortality about 12 times.
Other studies also show that there is a significant corre-
lation between systolic blood pressure and mortality of
trauma patients (10-12). These findings emphasize the
need for change in cut-off point of systolic blood pres-
sure for monitoring patients in trauma settings. Cur-
rently, based on the existing guidelines, drop in blood
pressure to less than 90 mmHg is indicative of the pa-
tient being high risk. However, it seems that patients
should also be monitored in higher cut-off points.

The present study showed that in addition to systolic
blood pressure, other cardiovascular and respiratory
factors including diastolic blood pressure, heart rate,
Sp02, and respiratory rate also have a significant corre-
lation with mortality of trauma patients. These findings
are also in line with other studies to some extent. For
example, Cooke et al. expressed that heart rate variabil-
ity can be a predictive factor of mortality in trauma pa-
tients (9). In other studies also similar findings can be
observed (5, 13). However, the existing contradictions
reveal the need for further studies in this field.

One of the most important findings of the current study
is the non-linear correlation of blood pressure, respira-
tory rate, SpOz, and shock index with mortality of the pa-
tients. This S-shape correlation indicates that with little
change in any of these factors, mortality risk of trauma
patients can rise significantly. Therefore in future stud-
ies, first a reliable cut-off point should be determined for
each of these factors and second, the guidelines should
emphasize paying more attention to vital signs.

4.1. Limitations
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Figure 1: Non-linear correlation of heart rate, respiratory rate, oxygen saturation; shock index, dias-
tolic blood pressure, and systolic blood pressure with probability of death in studied patients. Coef: regression

coefficient; Adj R-squared: adjusted R-squared.
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The most important limitation of the present study was
possible presence of residual confounding from the fac-
tors not studied. However, in this study, effort was made
to minimize this problem by evaluation of ISS and enter-
ing it to the analyses. Among other limitations of this
study was convenience sampling that may lead to selec-
tion bias. Another limitation of the study was not evalu-
ating comorbidities and coagulopathies in the final
model; because the answers given to these questions by
the patient or the relatives were not that accurate.

5. Conclusion:

Findings of the present study showed that blood pres-
sure, heart rate, respiratory rate, SpO2, and shock index
have a significant correlation with mortality of trauma
patients. This emphasizes the importance of paying
more attention to initial evaluations and physiological
parameters in trauma patients. Apart from heart rate,
other factors had an S-shape correlation with mortality
of trauma patients. In other words, with little change in
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any of these factors, mortality risk of trauma patients
can rise significantly. Therefore, continuous monitoring
of blood pressure, heart rate, respiratory rate, and SpO:
level in EDs is of great importance.

6. Acknowledgment

Hereby, we thank Dr. Mehrnoosh Yazdanbakhsh for sci-
entific editing of the article.

7. Conflict of interest

No conflict of interest was declared.

8. Funding source

None.

9. Author contribution

Conception and design of the work: MY, BN, and MH;
data gathering: BA, MY, and SS; data analysis: MH; draft-
ing the work: MH, and SS; critically revised the manu-
script: All authors. All authors approved final version of
the paper to be published and agreed to be accountable
for all aspects of the work.

10. Reference

1. Safari S, Yousefifard M, Baikpour M, Rahimi-
Movaghar V, Abiri S, Falaki M, et al. Validation of
thoracic injury rule out criteria as a decision instrument
for screening of chest radiography in blunt thoracic
trauma. ] Clin Orthop Trauma. 2016;7(2):95-100.

2. Nakhjavan-Shahraki B, Baikpour M, Yousefifard
M, Abiri S, Razaz JM, Faridaalaee G, et al. Rapid Acute
Physiology Score versus Rapid Emergency Medicine
Score in Trauma Outcome Prediction; a Comparative
Study. Emerg (Tehran). 2017;5(1):e30.

3. Nakhjavan-Shahraki B, Yousefifard M,
Hajighanbari M], Baikpour M, Razaz JM, Yaseri M, et al.
Worthing Physiological Score vs Revised Trauma Score
in Outcome Prediction of Trauma patients; a
Comparative Study. Emerg (Tehran). 2017;5(1):e31.

4, Nakhjavan-Shahraki B, Yousefifard M, Oraii A,
Sarveazad A, Hajighanbari M]J, Safari S, et al. Prediction
of Clinically Important Traumatic Brain Injury in
Pediatric Minor Head Trauma; proposing Pediatric
Traumatic Brain Injury (PTBI) Prognostic Rule. Int ]
Pediatr. 2017;5(1):4127-35.

5. Mizushima Y, Ueno M, Watanabe H, Ishikawa K,
Matsuoka T. Discrepancy between heart rate and
makers of hypoperfusion is a predictor of mortality in
trauma patients. ] Trauma. 2011;71(4):789-92.

6. Mirbaha S, Baratloo A, Karimi P. Value of
physiological scoring systems in prediction of long-term
mortality in traumatic brain injury patients. ] Med
Physiol. 2016;1(2):67-71.

7. Mirbaha S, Abushouk Al, Negida A, Rouhipour
A, Baratloo A. The effect of fluid therapy on
hemodynamic and venous blood gas parameters in
patients with septic shock. ] Med Physiol. 2016;1(2):55-
9.

8. Fuller G, Hasler RM, Mealing N, Lawrence T,
Woodford M, Juni P, et al. The association between
admission systolic blood pressure and mortality in
significant traumatic brain injury: a multi-centre cohort
study. Injury. 2014;45(3):612-7.

9. Cooke WH, Salinas ], Convertino VA, Ludwig DA,
Hinds D, Duke JH, et al. Heart rate variability and its
association with mortality in prehospital trauma
patients. ] Trauma. 2006;60(2):363-70; discussion 70.
10. Hasler RM, Nuesch E, Juni P, Bouamra O,
Exadaktylos AK, Lecky F. Systolic blood pressure below
110 mm Hg is associated with increased mortality in
blunt major trauma patients: multicentre cohort study.
Resuscitation. 2011;82(9):1202-7.

11. Bruns B, Gentilello L, Elliott A, Shafi S.

Prehospital hypotension redefined. ] Trauma.
2008;65(6):1217-21.
12. Eastridge BJ, Salinas ], McManus ]G, Blackburn

L, Bugler EM, Cooke WH, et al. Hypotension begins at
110 mm Hg: redefining "hypotension" with data. ]
Trauma. 2007;63(2):291-7.

13. Batchinsky Al, Salinas ], Kuusela T, Necsoiu C,
Jones ], Cancio LC. Rapid prediction of trauma patient
survival by analysis of heart rate complexity: impact of
reducing data set size. Shock. 2009;32(6):565-71.

14. Imhoff BF, Thompson NJ, Hastings MA, Nazir N,
Moncure M, Cannon CM. Rapid Emergency Medicine
Score (REMS) in the trauma population: a retrospective
study. BM] Open. 2014;4(5):e004738.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 Li-
cense (CC BY-NC 3.0). Downloaded from: www.jmp.iums.ac.ir



