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Abstract

Introduction: Trauma is one of the most critical health problems worldwide. In the trauma of the elderly, the rate of complications
and mortality is high. This study aimed to investigate the relationship between Base Deficit and morbidity and mortality in elderly
trauma patients.

Methods: This cross-sectional study was performed on elderly trauma patients who were referred to the emergency department of
Imam Reza Hospital in Birjand from 2018 to 2019. Our inclusion criteria were age over 65 years, no history of diabetes mellitus and
kidney diseases, no alcohol and aspirin consumption, and no history of conditions that cause severe volume loss and dehydration.
The Injury Severity Score measures trauma intensity based on the Abbreviated Injury Scale. The Patient’s BD results were extracted
from their Venous Blood Gas test. Data were analyzed in SPSS Statistics software (Version. 23) using the Chi-square test, Kruskal-
Wallis test, and Mann-Whitney (P<0.05) was considered significant.

Results: This study, 77 patients were enrolled (the mean age of individuals: (80.65+7.28) male/female ratio: 1.02). BD mean was
(7.58+0.63 mmol/L). The level of consciousness was statistically different between BD groups (P-value=0.001). The injury severity
score mean had a significant association with the BD level (P<0.001). Also, with increasing BD level, the length of hospitalization
in the ICU increased significantly (P-value=0.001).

Conclusion: BD can predict the severity of traumatic injury in the elderly. Along with other available factors such as serum lactate,
BD can be reliable predictor of outcomes in trauma elderly patients.
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Introduction

Trauma is one of the most critical health problems
worldwide. With nearly 6 million deaths each year, it
is also known as a major cause of death globally (1).
The World Health Organization reports show that in
the last five years, trauma was the greatest cause of
death in ages five to 29 globally, especially in low-
and middle-income countries (1). Early intervention
is considered the main principle in reducing the
mortality and disability caused by trauma (2).
Several scales and scoring systems are developed to
describe the severity of the injury, which can help to
quickly determine the right type of care provided for
these patients and reduce their mortality (3). In the
trauma of the elderly, the rate of complications and
mortality is much higher than the young population
4,5).

Lactate has been discussed as the biochemical
marker of shock, injury severity, and mortality (6).
Base Deficit (BD) is a serum laboratory marker of
systemic acidosis that increases rapidly and widely
in hypoxemia or shock. In trauma, BD is associated
with the need for blood transfusions, the risk of multi-
organ failure, and mortality in adults, especially
adults with brain injury (7, 8). With the assessment
of tissue hypoperfusion, BD helps to evaluate shock
and the need for resuscitation of trauma patients
(9, 10). Studies have shown that lactate clearance
and BD are associated with the volume required for
resuscitation, THE need for blood transfusion, and
mortality (7, 10).

BD is also used as a response to resuscitation.
Previous study has shown a greater improvement
in BD than pH after the resuscitation procedure
(11). Previous studies have also shown that in cases
of severe base deficiency, most patients are prone
to experience shock due to bleeding (8, 12, 13).
It was found that in individuals over 55 years of
age, absolute values of BD greater than six were
associated with higher mortality (14). Using a pre-
determined program for initial evaluation and rapid
recovery of patients can improve patient’s fate (15).
This study aimed to investigate the relationship
between BD and morbidity and mortality in elderly
trauma patients who were referred to the emergency

department from 2018 to 2019.

Materials and Method

This cross-sectional study was performed on elderly
trauma patients who referred to the emergency
department of Imam Reza Hospital in Birjand from
2018 to 2019. This study was approved by the
Ethics Committee of Birjand University of medical
sciences, Birjand, Iran (Ethics code: IR.BUMS.
REC.1398.283). Our inclusion criteria were age over
65 years, no history of diabetes mellitus and kidney
diseases, no alcohol and aspirin consumption, and no
history of conditions that cause severe volume loss
and dehydration such as gastroenteritis. In this study,
a non-probability sampling method (convenience
sampling) was used and based on the Cochran's
sample size formula, and defaults of P=0.09,
d=0.06, and a missing rate of 11.5%, 77 people were
estimated to enter the study (6). After obtaining
informed written consent, a complete demographic
information and history including Glasgow Coma
Scale (GCS), mechanism of trauma, Comorbidities,
drug history, and alcohol consumption were
extracted. In this study, to evaluate the severity of
loss of consciousness (LOC), patients were divided
into mild group (13-15 score), moderate group (12-9
score) and severe group (3-8 score) based on GCS
score. We also evaluated the initial laboratory tests,
and patient’s BD results were extracted. We also
evaluated the initial laboratory tests, and patient’s
BD results were extracted from their Venous Blood
Gas (VBG) test. Based on BD results, patients
were divided into Normal group, mild group (<5),
moderate group and severe group (>10) (6-9). Other
variables such as the severity of the injury according
to Injury Severity Score (ISS), patient’s mortality
and morbidity (including hospitalization in trauma
ward or intensive care unit (ICU), length of hospital
stay, and the need for mechanical ventilation) were
also evaluated (16). The Injury Severity Score
measures trauma intensity based on the Abbreviated
Injury Scale (AIS) (12). AIS, an anatomical scoring
system that classified injury severity for each body
region, ranges from 0 (none) to 6 (un-survivable).
The AIS results of 5 body regions (general, head and
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neck, thorax, abdomen, and extremities) are used to
calculate ISS. The AIS of the three most severely
injured regions are squared and added together
to form ISS. The ISS ranges from 0 to 75, and if
only one region has the AIS of 6, ISS automatically
assigns to 75. Previous studies proved that this
scoring system correlates with morbidity, mortality,
and hospitalization time after trauma, which is
valuable in predicting patients outcomes (17).

The quantitative and qualitative variables were
described by central indicators (mean + standard
deviation (SD), and frequency percentage,
respectively). Normality of quantitative data was
checked with the Kolmogorov-Smirnov test, and
due to the abnormal distribution of data, non-
parametric tests were used. Chi-squared test was
used to compare the two qualitative variables.
Kruskal-Wallis and Mann-Whitney statistical tests
were used to evaluate the significance of differences
of quantitative dependent variables in more than
two independent groups or two independent groups,
respectively. Data analysis was performed using
the SPSS Statistics (Version 23). In this study,
P-values less than or equal to (0.05) were considered
significant.

Results

In this study, 77 patients were enrolled (the mean
age of individuals: 80.65+7.28 years, male/female
ratio: 1.02). Fifty-six patients (72.7%) had a mild
GCS drop, and GCS level mean was 13.32+2.70.
Forty-eight patients (62.3%) were admitted to the
ICU, and seven patients (9.1%) died due to severe
injuries. Twenty-seven patients (35.1%) had a
normal BD, and 8 patients (10.4%) had severe base
deficiency, and BD mean was 7.58+0.63 mmol/L.
The mean of length of hospitalization and severity
of the injury, according to ISS, were 2.82+3.45 days,
and 26.17+£21.25, respectively. All demographic
data and clinical characteristics of participants have
shown in Table 1.

Chi-square test showed that there was no
significance difference between males and females
in BD severity (P-value=0.21). Based on results,
in male and female groups, 10 patients (25.6%)

and 17 patients (44.7%) had a normal BD level,
respectively. According to Table 2, the results of
the Kruskal-Wallis test showed that based on GCS
mean, the level of consciousness was statistically
different between BD groups (P-value=0.001). The
mean of GCS was lower in patients with severe BD
in comparison with normal BD groups (9.37 vs.
14.22, respectively).

The severity of the injury means, which measured
by ISS, was 17.29+15.33 for mild BD group and
64.37+11.48 for severe BD group. Our analysis
showed that, the injury severity score mean had a
significant association with the BD level, as more
severe injuries were accompanied by increased base
deficiency (P<0.001).

The mean length of hospitalization had a significance
difference between BD groups (P-value=0.03).
Results showed that increased levels of BD caused
longer hospitalization (5.63 days vs. 8.73 days in
normal and moderate BD groups, respectively). Also,
withincreasing BD level, the length of hospitalization
in the ICU increased significantly (P-value=0.001).
In this study, length of hospitalization, ICU
admission, mechanical ventilation, and death were
used as mortality-related indicators (severe to mild,
respectively). Based on the two-by-two comparison
of groups with the Mann-Whitney test, the GCS
level was significantly lower in severe BD group
than in mild, moderate and normal levels. However,
in patients with normal GCS mean, no significant
association with mild BD was observed (P=0.32).
The mean injury severity score was significantly
different in all groups (P<0.05), except between the
mild and normal groups (P=0.95). Also, the duration
of hospitalization in the moderate level of BD was
significantly higher than the normal and mild level
(P=0.005).

The duration of ICU stay was also significantly
higher in moderate and severe BD groups than in
normal and mild groups (P<0.05).

According to Table 3, with an increase in BD level,
the need for intensive care, mechanical ventilation
and mortality increased. The highest mortality and
hospitalization in ICU were seen in severe and mild
BD groups (50.0% and 95.0%, respectively).
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Table 1. Demographic and clinical characteristics

Variables N (%) Mean (SD)
Male 39 (50.6) -
Sex Female 38 (49.4)
Age - - 80.65 (7.28)
LOC severity Mild 56 (72.7) 13.32 (2.70)
Moderate 15 (19.5)
Severe 6 (7.8)
Morbidity and mortality Hospitalization 11 (14.3) -
ICU Admission 48 (62.3)
Ventilator Dependent 11 (14.3)
Death 7(9.1)
Base Deficit Normal 27 (35.1) 7.58 (0.63)
Mild 20 (26.0)
Moderate 22 (28.6)
Severe 8 (10.3)

(LOC =loss of consciousness, ICU = Intensive care unit)

Table 2. Comparison of the loss of consciousness (LOC), Injury severity, Duration of hospitalization, and ICU stay according to base deficit.

Base Deficit mean (SD)
Variables P-value
Normal Mild Moderate Severe

LOC (GCS) 14.22 (1.91) (104§8(; 12.68 (2.85) | 9.37(3.66) | 0.001*
) . 17.29 13.90 64.37 «

Injury severity (15.33) (5.71) 34.32 (19.92) (11.84) <0.001

Duration of Hospitalization (day) 5.63(2.73) | 5.45(1.60) | 8.73 (5.46) 8.00 (7.19) 0.03*
Duration of ICU stay (day) 1.78 (3.02) | 1.70 (0.98) | 4.09 (4.03) 5.62 (4.68) | 0.001*

*Based on Kruskal-Wallis test.

Table 3. Comparison of morbidity and mortality frequencies according to base deficit severity in elderly patients.

) Morbidity and mortality
Base deficit Normal | Mild | Moderate | Severe
N (%)
Hospitalization, N (%) 10 (37.0) 1(5.0) 0 (0.0) 0 (0.0)
ICU admission, N (%) 15 (55.6) 19 (95.0) 14 (63.6) 0 (0.0)
Mechanical ventilation, N (%) 1(3.7) 0 (0.0) 6 (27.3) 4 (50.0)
Death, N (%) 1(3.7) 0 (0.0) 2(9.1) 4 (50.0)
P-value <0.001*

*Based on Fisher exact test.
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Discussion

Trauma is one of the most common causes of
patients referring to the emergency department. A
fast and reliable method to evaluate trauma injuries
and predict their outcomes is vital to mitigate the
mortality risk. Our results showed that the injury
severity could significantly change the level of BD.
The duration of hospital or ICU stay is strongly
correlated with BD. There was also a significant
correlation between GCS levels and mortality of
trauma patients with BD. Therefore, with increasing
severity of trauma, the level of BD increased.
Consistent with our results, Davis et al., in a study
in 2018, examined BD and lactate in 1191 trauma
patients from 2014 to 2016. BD and lactate were
strongly correlated with the severity of trauma.
Higher BDs, as a definite variable, were associated
with lower blood pressure, higher ISS, increased
need for blood transfusion, and worse outcomes
(18). There was also a significant correlation
between BD, ISS, and INR in the study of Cheddie
et al., which examined BD as the primary indicator
of coagulopathy in trauma patients from 2007
to 2008 (19). Lam et al. in 2016 examined a base
deficit-based prediction model {Base Excess Injury
Severity Scale (BISS)} on 3737 trauma patients
from 2003 to 2007 and compared this scale to TRISS
and ASCOT. BISS showed similar performance to
TRISS and ASCOT and may also provide a more
straightforward computational method for this
matter (20).

However, in a study by Park et al. in 2005, primary
BD and lactate were examined in 136 trauma
patients as predictors of mortality, and their results
were unable to predict mortality in these patients
(21). Although Park et al. study only examined the
mortality of patients and did not consider the severity
of the injury, as the present study did. In addition to
the age of the individuals, the trauma mechanism
seems to be different in these two studies as Park et
al. stated that 77% of their subjects had head trauma.
The present study results showed that the different
grades of BD could significantly change the length
of hospital stay. Also, the distribution of morbidity
and mortality were significantly different between

levels of BD. In the Davis et al. study, it was found
that individuals over 55 years of age with absolute
values of BD>6 mmol/L were associated with higher
mortality (22). Behdad et al. in 2006 investigated the
value of BD as a predictor of mortality in geriatric
trauma. Their data analysis of 300 elderly subjects
with trauma in Isfahan revealed that even changes
within the normal range of BD (2/55-3 mmol/L)
could indicate a decrease in latent tissue perfusion
and an increased chance of mortality. Also, one of
the most important findings of this study was the
relationship between BD and patients GCS (23).
Kariman et al. in 2016 examined the agreement
of shock index and BD in determining the shock
intensity of 387 patients with multiple traumas.
They found that the shock index and BD criteria
had an acceptable agreement in predicting shock
intensity of multiple trauma patients (24). In another
study by Raux et al., primary blood lactate and BD's
prognostic value was examined on 1,075 trauma
patients in 2017. Their results showed that blood
lactate is correlated with BD, although lactate was
a better predictor for mortality (25). Gale et al. also
investigated primary lactate and BD as predictors
of mortality after severe blunt trauma on 1829
patients in 2016; BD and lactate deficiency were
significantly higher in non-living individuals. Both
parameters proved to be reliable predictors of the
overall mortality in these patients (26). A study in
2015 by Ojuka et al. examined BD as an indicator of
blunt abdominal trauma in 132 patients and found
that BD could rule out significant abdominal injuries
and predict patients need for diagnostic laparotomy
for values less than 6.85 mmol/L (27). In Mofidi
et al.'s study on 400 trauma patients from 2007 to
2008, BD less than or equal to -6 strongly indicates
intraabdominal injury, bleeding, and increased need
for blood transfusion (28).The present study showed
that the duration of hospitalization in the ICU at
different levels of BD was significantly different
from each other. Rex et al. showed that BD was
better than blood lactate in predicting long-term
hospitalization of trauma patients in the ICU (25).
Also, many studies in trauma patients have shown
that BD disorder is associated with a prolonged
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hospitalization in the ICU and the development of a
wide range of complications (29). Our study results
alsorevealed that GCS is significantly correlated with
BD changes. Soffer et al. investigated ultrasound
findings in 7952 trauma patients with low GCS, and
they found a significant association between GCS,
BD, and ISS (30). However, in a study by Abdul-
malak et al. on 154 trauma patients in 2016, there
was no significant difference between patients GCS
with BD>4 mmol/L or BD <4 mmol/L (13). The
lower mean age of their participants and difference
in BD status classification could be the reason for
their contrast conclusions.

Conclusion

In conclusion, BD can predict the severity
of traumatic injury (including mortality, ICU
admission, and hospitalization) in the elderly. Along
with other available factors such as serum lactate,
BD can be reliable predictor of outcomes in trauma
elderly patients.

Acknowledgments

The authors wish to thank the Deputy of Research
and Technology of Birjand University of Medical
Sciences for support (Grant No.: 455756).

Funding

This study was performed with the financial support
of Birjand University of Medical Sciences (Grant
No.: 455756).

Conflicts of interest

The authors have no conflicts of interest. Authors
also indicate that they did not have a financial
relationship with the organization that sponsored
the research and had full control of all primary data
and agree to allow the journal to review their data if
requested.

References

1. Rossiter ND. "Trauma-the forgotten pandemic?".
Int Orthop. 2022;46(1):3-11.

2. Cannon CM, Braxton CC, Kling-Smith M,
Mahnken JD, Carlton E, Moncure M. Utility of the

shock index in predicting mortality in traumatically
injured patients.

J Trauma Acute Care Surg. 2009;67(6):1426-1430.
3. Zare M, Kargar S. Evaluation of prehospital care
in management of traumatic patients referred to
Shahid Rahnemoun and Afshar Hospitals of Yazd.
SSU Journals. 2006;13(5):25-30.

4. Keller JM, Sciadini MF, Sinclair E, O'Toole
RV. Geriatric trauma: demographics, injuries, and
mortality. JOT. 2012;26(9):161-165.

5. Hashmi A, Ibrahim-Zada I, Rhee P, Aziz H,
Fain MJ, Friese RS, et al. Predictors of mortality
in geriatric trauma patients: a systematic review
and meta-analysis. J Trauma Acute Care Surg.
2014;76(3):894-901.

6. Davis JW, Dirks RC, Kaups KL, Tran P. Base
deficit is superior to lactate in trauma. The American
Journal of Surgery. 2018;215(4):682-685.

7. Crombie N, Doughty HA, Bishop JR, Desai A,
Dixon EF, Hancox JM, et al. Resuscitation with
blood products in patients with trauma-related
haemorrhagic shock receiving prehospital care
(RePHILL): a multicentre, open-label, randomised,
controlled, phase 3 trial. Lancet Haematol.
2022;9(4):250-261.

8. Stewart CL, Holscher CM, Moore EE, Bronsert
M, Moulton SL, Partrick DA, et al. Base deficit
correlates with mortality in pediatric abusive
head trauma. Journal
2013;48(10):2106-2111.
9. Baratloo A, Rahmati F, Rouhipour A, Motamedi
M, Gheytanchi E, Amini F, et al. Correlation of
blood gas parameters with central venous pressure
in patients with septic shock; a pilot study. Bull
Emerg Trauma. 2014;2(2):77-81.

10. Davis JW, Sue LP, Dirks RC, Kaups KL, Kwok
AM, Wolfe MM, et al. Admission base deficit
is superior to lactate in identifying shock and

of pediatric surgery.

resuscitative needs in trauma patients. The American
Journal of Surgery. 2020;220(6):1480-1484.

11. Hodgman EI, Morse BC, Dente CJ, Mina
MJ, Shaz BH, Nicholas JM, et al. Base deficit
as a marker of survival after traumatic injury:
consistent across changing patient populations and
resuscitation paradigms. J Trauma Acute Care Surg.

J Surg Trauma 2023; 11(1):28-34 33


http://dx.doi.org/10.61186/jsurgtrauma.11.1.28
https://jsurgery.bums.ac.ir/article-1-335-en.html

[ Downloaded from jsurgery.bums.ac.ir on 2026-07-11]

[ DOI: 10.61186/jsurgtrauma.11.1.28 ]

Foogerdi et al.

2012;72(4):844-851.

12. Baker SP, o'Neill B, Haddon Jr W, Long WB.
The injury severity score: a method for describing
patients with multiple injuries and evaluating
emergency care. J Trauma Acute Care Surg.
1974;14(3):187-196.

13. Abdul-Malak O, Vodovotz Y, Zaaqoq A,
Guardado J, Almahmoud K, Yin J, et al. Elevated
admission base deficit is associated with a complex
dynamic network of systemic inflammation which
drives clinical trajectories in blunt trauma patients.
Mediators of inflammation. 2016;1-12.

14. Davis JW, Shackford SR, Mackersie RC, Hoyt
DB. Base deficit as a guide to volume resuscitation.
J Trauma. 1988;28(10):1464-1467.

15. Mutschler M, Nienaber U, Miinzberg M, Wolfl
C, Schoechl H, Paffrath T, et al. The Shock Index
revisited—a fast guide to transfusion requirement?
A retrospective analysis on 21,853 patients derived
from the TraumaRegister DGU®. Critical care.
2013;17(4):1-9.

16. Orhon R, EREN S, KARADAYI S, Korkmaz
I, Coskun A, Eren M, et al. Comparison of trauma
scores for predicting mortality and morbidity on
trauma patients. Ulus Travma Acil Cerrahi Derg
2014;20(4):258-264.

17. Ali T, Shepherd JP. The measurement of injury
severity. Br J Oral Maxillofac Surg. 1994;32(1):13-8.
18. Davis JW, Kaups KL, Parks SN. Base deficit is
superior to pH in evaluating clearance of acidosis
after traumatic shock. J Trauma Acute Care Surg.
1998;44(1):114-118.

19. Cheddie S, Muckart DJ, Hardcastle TC. Base
deficit as an early marker of coagulopathy in trauma.
S Afr J Surg. 2013;51(3):88-91.

20. Lam S, Lingsma H, Van Beeck EF, Leenen L.
Validation of a base deficit-based trauma prediction
model and comparison with TRISS and ASCOT.
Eur J Trauma Emerg Surg. 2016;42(5):627-633.

21. Park KH, Lee KH, Kim SH, Oh SB, Moon JB,
Kim H, et al. The Comparison of Base Deficit,

Lactate, and Strong Ion Gap as Early Predictor of
Mortality in Trauma Patients. Journal of Trauma and
Injury. 2005;18(2):127-134.

22. Davis JW, Kaups KL. Base deficit in the elderly:
a marker of severe injury and death. Journal o J
Trauma Acute Care Surg. 1998;45(5):873-877.

23. Behdad A, Abedi B, Hosseinpour M. The
evaluation of base deficit as the predictive agent of
mortality in geriatric trauma. Journal of Shahrekord
Uuniversity of Medical Sciences. 2006;7(4):23-27.
(Persian)

24. Kariman H, Hatamabadi HR, Mirfazli SA.
The Agreement of Shock Index and Base Defects
in Determining the Severity of Shock in Multiple
Trauma Patients. Iranian Journal of Emergency
medicine. 2016;3(4):132-137.(Persian)

25. Raux M, Le Manach Y, Gauss T, Baumgarten
R, Hamada S, Harrois A, et al. Comparison of the
prognostic significance of initial blood lactate and
base deficit in trauma patients. Anesthesiology.
2017;126(3):522-533.

26. Gale SC, Kocik JF, Creath R, Crystal JS,
Dombrovskiy VY. A comparison of initial lactate
and initial base deficit as predictors of mortality after
severe blunt trauma. Journal of surgical research.
2016;205(2):446-455.

27. Ojuka DK, Nyongesa DM, Ngugi PM. Base deficit
as an indicator of significant blunt abdominal trauma.
Annals of African Surgery. 2017;14(2):61-65.

28. Mofidi M, Hasani A, Kianmehr N. Determining
the accuracy of base deficit in diagnosis of intra-
abdominal injury in patients with blunt abdominal
trauma. Am J Emerg Med. 2010;28(8):933-936.

29. Juern J, Khatri V, Weigelt J. Base excess: a
review. J Trauma Acute Care Surg. 2012;73(1):27-
32.

30. Soffer D, Schulman CI, McKenney MG,
Cohn S, Renaud NA, Namias N, et al. What does
ultrasonography miss in blunt trauma patients with
a low Glasgow Coma Score (GCS)? J Trauma Acute
Care Surg. 2006;60(6):1184-1188.

J Surg Trauma 2023; 11(1):28-34 34


http://dx.doi.org/10.61186/jsurgtrauma.11.1.28
https://jsurgery.bums.ac.ir/article-1-335-en.html
http://www.tcpdf.org

