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Background & objectives: Trauma is known to lead to systemic inflammatory response syndrome (SIRS)
and multiple organ dysfunction syndrome (MODS), which is often a cause of late deaths after injury.
SIRS and MODS have been objectively measured using scoring systems. This prospective observational
study was carried out in a tertiary care hospital in India to evaluate SIRS and MODS following trauma
in terms of their incidence, the associated risk factors and the effect on the outcome.

Methods: All adult patients with major life- and limb-threatening trauma were included. Patients who
died within 24 h, those with severe head injury, known comorbidity, immunocompromised state, on
immunosuppressants or pregnancy were excluded. SIRS and MODS scores were recorded after initial
management (baseline score), on days 3 and 6 of admission. SIRS was defined as SIRS score of >2 and
MODS was defined as MODS score of >1.

Results: Two hundred patients were enrolled. SIRS was noted in 156 patients (78%). MODS was noted in
145 (72.5%) patients. Overall mortality was 39 (19.5%). Both SIRS and MODS scores were significantly
associated with age >60 yr, blunt injury, (lower) revised trauma score hypotension on admission and
(higher) injury severity score, but not with gender, pre-hospital time or operative treatment.

Interpretation & conclusions: Both SIRS and MODS scores were associated with longer Intensive Care
Unit (ICU) stay, more ICU interventions and higher mortality. Incidence of MODS was significantly
higher in patients with SIRS. Both scores showed rising trend with time in non-survivors and a decreasing
trend in survivors. The serial assessment of scores can help prognosticate outcome and also allocate
appropriate critical care resources to patients with rising scores.

Key words Injury - MODS Score - multiple organ dysfunction syndrome - SIRS - Systemic inflammatory response syndrome score -
trauma

Mortality occurring early after injury is due to
vital organ injury, hypoxia, haemorrhage or head
trauma. Among those who survive the initial phase
of injury, there is activation of the immune system
and the early inflammatory immune response. It is
believed that inappropriate inflammatory response
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may lead to end-organ damage manifesting as multiple
organ dysfunction'. It is considered as a disease
continuum beginning as systemic inflammatory
response syndrome (SIRS) progressing to multiple
organ dysfunction syndrome (MODS) in some cases.
The inflammatory response is further compounded by
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iatrogenic trauma of surgery, secondary infections,
or ischaemia/reperfusion, which may also lead to
the development of multiorgan dysfunction and
occasionally death’.

SIRS with a documented source of infection is
termed as sepsis. When there is infection along with one
or more organ failure, it is termed as severe sepsis, and
haemodynamic instability in the presence of sepsis is
known as septic shock. Trauma, burns and pancreatitis
are known to induce systemic inflammatory response
and multiple organ dysfunction in the absence of
infection?.

Tissue injury releases mediators of inflammation
into the circulation, initiating a pro-inflammatory
response, consisting of neuroendocrine, metabolic
and immunological components. The extent of this
response is determined by several factors such as the
tissue injury, hypovolemic shock, further trauma of
surgery, infection and compensatory anti-inflammatory
response'?. The inappropriate response may damage
vital organs such as lungs, kidneys, liver, brain,
coagulation system and cardiovascular system, leading
to MODS, ultimately leading to death.

Various scoring systems have been described
to measure the extent of inflammatory response and
the organ damage. Systemic inflammatory response
presents with alteration in body temperature (>38 or
<36°C), tachycardia (pulse >90/min), tachypnoea
(respiratory rate >20/min) or alteration in white cell
count (<4000 or >12,000/ul)>. SIRS is defined as the
presence of any two of these features®. Several scoring
systems have been used to assess organ dysfunction
in a critical patient. The Acute Physiology and
Chronic Health Evaluation (APACHE) score version
I1* and III° are popular, but cumbersome to calculate.
Multiple organ dysfunction (MOD) score®, sequential
organ failure assessment (SOFA)’ and logistic organ
dysfunction (LOD) score® have been specifically used
to assess organ dysfunction in sepsis syndrome. They
consider six organ systems - respiratory, cardiovascular,
central nervous systems, renal, coagulation and
liver and all have been reported to be satisfactory in
predicting mortality®.

The purpose of this study was to observe the burden
of inflammatory response and organ dysfunction in
major trauma patients in a tertiary care hospital in India
using SIRS and MODS scores, respectively, noting the
incidence, associated risk factors and outcome in terms
of the need for critical care, duration of Intensive Care

Unit (ICU) stay, hospital stay and survival. Associations
between SIRS score and MODS score and their change
with time were also evaluated.

Material & Methods

This study was carried out in the Trauma Service
by the department of General Surgery at Lokmanya
Tilak Municipal Medical College and General Hospital
in Mumbai, India, as a prospective and observational
study after obtaining approval from the institutional
ethics committee from January 2012 to November
2013. The reported incidence of SIRS varies widely
from 28 to 88 per cent'*". Taking median incidence
of 53.3 per cent reported by Sakamoto er al'’, with
80 per cent power of analysis and 5 per cent confidence
interval, a sample size of 154 was obtained. Considering
wide variation in reported incidence, the possibility of
dropout due to loss to follow up or missing data, a larger
sample size of 200 was planned. Patients with life- or
limb-threatening injuries were included, namely those
with haemodynamic instability [systolic blood pressure
(BP) <90 mmHg, respiratory rate <10 or >29/min,
pulse >100/min or need for ventilator support], altered
consciousness [Glasgow Coma Score (GCS) <13],
tender chest or abdomen, fracture pelvis, fracture
spine, fracture femur, two or more long bone fractures,
amputation above ankle or wrist, penetrating trauma to
head, neck, torso or proximal extremity and mangled,
degloved, crushed or pulseless extremity. Those with
hospital stay less than 24 h and those with very severe
injury with poor chance of survival beyond 24 h were
excluded as the basic aim was to observe the development
of organ dysfunction over time, namely, non-responders
to resuscitation, GCS <9 despite resuscitation and
fixed dilated pupils. Patients with known pre-existing
organ dysfunctions e.g. renal failure, cardiac failure,
liver failure, pulmonary failure or coagulopathy were
excluded as possible confounders to assessment of
MODS. Those with known altered immune response
i.e. immunocompromised state (including chronic
steroid therapy and cancer chemotherapy) and pregnant
women were also excluded. Age, gender, mechanism
of injury (blunt/penetrating) and injury to admission
intervals were noted. Revised Trauma Score (RTS) was
calculated assigning 0-4 points each for GCS, systolic
BP and respiratory rate, with possible range from 0 to
12", Injury Severity Score (ISS) was the sum of squares
of highest abbreviated injury score of any three of the
six body regions with possible range from 0 to 75'. ISS
values of 9 or less, 10-15 and 16 or above were defined
as mild, moderate and severe injury, respectively. SIRS
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score was calculated by assigning 0 to 3 points each for
body temperature, pulse rate, respiratory rate and white
blood cell count and ranged from 0 to 12 (Table I)%. SIRS
was defined as score of 2 or more. MODS scores were
calculated by assigning 0-4 points for 6 organ systems
(pulmonary, coagulation, liver, renal, cardiovascular
and central nervous system), with the possible range
from 0 to 24 points (Table 1)°. Presence of MODS
was defined as score of 1 or more, 1-2 being mild
MODS and 3 or more being considered as severe
MODS®. The SIRS score and the MODS score were
calculated for the patients after resuscitation (baseline
score), on days 3 and 6 of admission, irrespective of
the hospital stay. The treatment plan whether operative
or conservative was noted. The need for interventions
for organ dysfunction e.g. ventilatory support, blood
or component transfusion, inotropic support and
haemodialysis was noted. The duration of hospital stay,
ICU stay and final outcome (death, discharge) were
recorded. Changes in SIRS and MODS scores on days
3 and 6 with respect to the baseline score were noted.

Statistical analysis: SPSS for Windows, version
16 (SPSS Inc, Chicago, IL, USA) was used for data
analysis. Chi-square test was used to study association
between categorical variables. For ordinal data,
Chi-square test for trend was used. The means were
compared using ANOVA.

Results

In all, 200 patients were enrolled in the study. The
Figure shows patients’ course from screening till final
outcome. There were 167 (83.5%) men and 33 women.
Age ranged from 18 to 85 yr [mean: 35.48, standard
deviation (SD): 15.71, median: 30, interquartile
range (IQR): 22]. Median pre-hospital time (injury to
hospital time) was five hours (IQR: 5, range: 0.5-72 h).
Mechanism of injury was blunt in 171 and penetrating
in 29 patients. Sixty patients (30%) presented in shock
(systolic BP <90 mmHg). Glasgow Coma Score
ranged from 9 to 15 (mean: 13.83, SD: 1.98, median:
15, IQR: 2). RTS ranged from 8 to 12 (mean: 11.23,
SD: 0.94, median: 11, IQR: 1). ISS ranged from 4 to 27

Table I. Systemic Inflammatory Response Syndrome (SIRS) score and Multiple Organ Dysfunction Syndrome (MODS) score

urine output (ml/day)

Source: Refs 2,6

Score Parameter Point
0 1 2 3 4
SIRS Body temperature (°C) 36.0-38.0 >38.0 >38.5 >39.0 or <36.0 X
score Heart beats (/min) <90 >90 >110 >130 X
Respiratory rate (/min) <20 >20 >24 >28 X
WBC count (x107) 4000-12,000 >12,000 >16,000 <4000 X
MODS Pulmonary
score PaO,/FIO, (mmHg) >400 <400 <300 <200 <100
Sa0,/FIO, 221-301 142-220 67-141 <67
Coagulation
Platelets (10%/ul) >150 <150 <100 <50 <20
Liver
Bilirubin (mg/dl) <1.2 1.2-1.9 2.0-5.9 6.0-11.9 >12.0
Cardiovascular
Hypotension No MAP Dopamine <5 Dopamine >5 Dopamine >15
hypotension <70 mmHg ng/kg/min or pg/kg/min or ng/kg/min or
dobutamine (any) norepinephrine norepinephrine
<0.1pg/kg/min >0.1 pg/kg/min
CNS
Glasgow Coma Score 15 13-14 10-12 6-9 <6
Renal
Creatinine (mg/dl) or <1.2 1.2-1.9 2.0-34 3.5-4.9 or<500 >5.0 or<200

WBC, white blood cell; CNS, central nervous system; MAP, mean arterial pressure; PaO,, partial pressure of arterial oxygen;
FiO,, fraction of inspired oxygen; SaO,, percentage of oxygen saturation of arterial blood; X, not applicable
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Figure. Flow chart showing patients’ course from screening
to final outcome. SIRS Systemic Inflammatory Response
Syndrome; MODS, Multiple Organ Dysfunction Syndrome;
ICU, Intensive Care Unit.

(mean: 16.82, SD: 6.39, median: 16, IQR: 14). Ninety
two patients (46%) needed surgical management while
108 (54%) patients were managed without any surgical
intervention. In all, 156 patients (78%) developed
SIRS (SIRS score >2), 145 patients (72.5%) developed
MODS (MODS score >1) and 39 patients (19.5%)
died.

Table II depicts the association of baseline
SIRS and MODS scores with demographic and
clinical variables. SIRS (SIRS score >2) and MODS
(MODS score >1) were associated with advanced age
>60 yr, mechanism of injury and physiological and
anatomical indicators of injury severity, namely, RTS,

systolic BP <90 mmHg and ISS, but not with gender,
prehospital time and treatment whether operative or
conservative.

ICU stay ranged from 1 to 27 days (mean: 2.97,
SD: 3.96, median: 2, IQR: 2). Hospital stay ranged
from 1 to 38 days (mean: 10.10, SD: 6.65, median:
9, IQR: 6). Sixty two patients (31%) needed red cell
transfusion (single or multiple units), 32 (16%) needed
fresh frozen plasma, while 16 (8%) needed platelet
transfusion, 52 (26%) needed ventilatory support,
while five needed dialysis for acute renal failure. In
all, 33 patients needed inotropic support. Table III
shows the association of length of ICU stay, hospital
stay, need for critical care resources and mortality with
SIRS and MODS scores. SIRS and MODS scores were
associated with prolonged ICU stay and the need for
critical care resources. SIRS score was also associated
with prolonged hospital stay of >10 days.

Table IV shows association between SIRS score
and MODS score. Significantly higher number of
patients who had SIRS developed multiple organ
dysfunction in comparison to patients who did not
have SIRS on arrival (baseline). There were 39 deaths.
The cause of death was continuing haemorrhage in
six and multiple organ dysfunction in 32 patients.
One patient had sudden death and the exact cause
could not be ascertained. Of the 32 deaths due to
MODS, only two (6.25%) were observed to be due
to single organ dysfunction and the remaining 30
deaths (93.75%) had dysfunction of two or more
organs.

Of the 156 patients who had SIRS on day 1, 36
(23%) died. In comparison, three deaths (6.8%)
occurred in 44 patients who had no signs of SIRS on
day 1 (P=0.016). Of the 88 patients who had severe
MODS on day 1, 32 (36%) died; of the 57 who had mild
MODS on day 1, five patients (8.8%) died while only
two deaths (3.6%) occurred in 55 patients who did not
develop MODS on day 1 (P<0.001). Thus, mortality
was significantly associated with the development of
SIRS and MODS as defined by the scores.

The scores in survivors and non-survivors were
compared. There was no significant difference in the
baseline SIRS scores. In comparison, baseline mean
MODS score of 4.36 was significantly (P<0.001)
higher among non-survivors (Table V). The mean SIRS
and MODS scores on days 3 and 6 were calculated
for all available patients. The mean SIRS and MODS
scores among survivors and non-survivors against time
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Table II. Factors associated with systemic inflammatory response syndrome (SIRS score >2) and multiple organ dysfunction syndrome

(MODS score >1)

Parameters n SIRS score P MODS <1 Mild MODS Severe MODS P
< > score 1-2 score >3

n 200 44 156 55 57 88

Gender

Male 167 39 128 NS 47 49 71 NS

Female 33 5 28 8 8 17

Age (yr)

18-40 138 24 114 <0.001 48 36 54 0.024

41-60 41 18 23 5 14 22

>60 21 2 19 2 7 12

Injury arrival time (h)

<2 36 6 30 NS 10 12 14 NS

2-4 49 16 33 14 19 16

>4 115 22 93 31 26 58

Mechanism

Blunt 171 33 138 <0.001 40 49 82 0.003

Penetrating 29 11 18 15 8 6

RTS

<10 40 2 38 0.027 5 35 <0.001

11 61 15 46 23 29

12 99 27 72 46 29 24

BP (mmHg)

<90 60 6 54 0.009 0 14 46 <0.05

>90 140 38 102 55 43 42

ISS

<9 42 18 24 <0.05 23 12 7 0.012

9-15 61 15 46 20 19 22

>15 97 11 86 12 26 59

Treatment

Conservative 108 25 83 NS 34 29 45 NS

Operative 92 19 73 21 28 43

Chi-square test for trend/Chi-square test, df=1. NS, not significant; RTS, Revised Trauma Score; BP, blood pressure;

ISS, Injury Severity Score

showed progressive rise among non-survivors and
progressive fall among survivors. The change in scores
on days 3 and 6 with respect to the baseline score was
calculated for each available patient. The difference in
the means of change in scores on days 3 and 6 among
survivors and non-survivors was significant. The
decline of scores on days 3 and 6 among survivors and
the rise of scores on days 3 and 6 among non-survivors
with respect to the baseline were also significant
(Table V).

Discussion

The study showed that post-traumatic inflammation
and organ dysfunction as assessed by SIRS score and
MODS score were common after major injury. The
incidence of SIRS (SIRS score >2) was 78 per cent
and MODS (MODS score >1) was 72.5 per cent on the
day after initial resuscitation. The incidence reported in
the literature varies from 28 to 88 per cent in different
series'®!3. This divergence in the incidence of SIRS
seems to be due to variability in inclusion criteria
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Table III. Association of Systemic Inflammatory Response Syndrome (SIRS score >2) and Multiple Organ Dysfunction Syndrome
(MODS score >1) on Intensive Care Unit (ICU) resources, ICU stay, hospital stay and mortality

Chi-square test, df=1. NS, not significant; FFP, fresh frozen plasma

Parameters n SIRS score P MODS <1 Mild MODS Severe MODS P
< > score 1-2 score >3

n 200 44 156 55 57 88

ICU care

Ventilatory support 52 6 46 0.034 4 13 35 <0.05

Red cell transfusion 62 7 55 0.014 8 20 34 0.007

FFP 32 2 30 0.0189 3 9 20 0.023

Platelets 16 1 15 NS 1 2 13 0.007

Inotropes 33 0 33 0.0008 0 4 29 <0.05

Dialysis 5 2 3 2 0 3

ICU stay (days)

<3 156 41 115 0.0059 49 46 61 0.018

>3 44 3 41 6 11 27

Hospital stay (days)

<10 112 33 79 0.04 38 31 43 NS

10-or more 88 11 77 17 26 45

Mortality (%) 39 3(6.8) 36 (23) 0.0163 2 (3.6) 5(8.8) 32 (36) <0.001

Syndrome (MODS) score

Table IV. Association between Systemic Inflammatory Response Syndrome (SIRS) score and Multiple Organ Dysfunction

Chi-square test for trend (P=0.001)

SIRS score MODS score

No MODS, n (%) 1-2 (mild MODS), n (%) >2 (severe MODS), n (%)
>2 (SIRS) (n=156) 31(19.9) 41 (26.3) 84 (53.8)
<2 (no SIRS) (n=44) 24 (54.5) 16 (36.4) 49.1)

[whether all hospitalized patients (lower incidence),
patients admitted in ICU and high dependency unit or
major trauma patients (higher incidence)].

Although our study did not show any association
with gender, some experimental studies have observed
protective effect of oestrogens in animals with trauma,
haemorrhage and sepsis'®. Not only gender, but
racial difference also has been reported to determine
inflammatory response with lesser incidence in women
and in African-Americans'3. The present study showed
significantly higher incidence of SIRS, MODS and
mortality in elderly patients (age >60 yr), similar to
observations by otherresearchers!”!8, This may be because
of their susceptibility to infection due to inappropriate
immune response and limited physiological reserves'.

SIRS and MODS scores were significantly
associated with severity of injury as assessed by both

physiological score (RTS) and anatomical scores (ISS)
and also post-traumatic shock, confirming the findings
of other researchers'®!". No association was observed
between injury to arrival interval and development
of SIRS and MODS. It is possible that patients with
severe injuries do not survive till they reach a tertiary
care hospital and those who survive and reach the
tertiary hospital have less severe injuries.

Patients with SIRS and MODS were found to
consume significantly higher critical care resources
in terms of ventilator support, blood components and
dialysis. This has been observed by others also'-'*%.
Both SIRS and MODS were associated with higher
mortality; similar to observations by other authors!*-?!,

SIRS score of two and above was associated with
higher MODS score in significantly more number
of patients. This observation supports the concept
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Table V. Changes in systemic inflammatory response syndrome (SIRS) score and multiple organ dysfunction syndrome (MODS) score

with time among survivors and non-survivors

Score Mean+SD P
Survived (n=161) Dead (n=39)

SIRS score

Baseline 2.90+2.06 3.36+1.37 0.093

Day 3 1.89+2.04 5.2242.24

Day 6 1.67+1.93 5.11£2.31

Difference (day 3-baseline) (P) —0.99+1.93 (0.001) 1.214+2.39 (0.001) 0.001

Difference (day 6-baseline) (P) —1.19+1.92 (0.001) 0.82+2.11 (0.020) 0.001

MODS score

Baseline 1.91+1.88 4.36+1.87 0.001

Day 3 1.12+1.72 7.59+3.15

Day 6 0.62+1.24 8.20+3.68

Difference (day 3-baseline) (P) —0.76+1.86 (0.001) 2.38+3.47 (0.001) 0.007

Difference (day 6-baseline) (P) —1.23£1.74 (0.001) 2.03£3.81 (0.001) 0.008

ANOVA with Kruskal-Wallis test. SD, standard deviation

that MODS is a sequel to SIRS occurring in an
inflammatory or infective disease process. The SIRS
and MODS scores showed a decreasing trend with
time among survivors and an increasing trend among
non-survivors. This finding has also been supported
by literature'>*. The delta value (i.e. the difference
between initial and maximum MODS score) among
survivors and non-survivors has been found to be
significantly high among non-survivors*. This also
was similar to the findings of this study.

SIRS score could also be raised because of
secondary infection, which may occur in patients with
major trauma. In a patient with major trauma, who is
developing organ dysfunction, it is necessary to rule
out infection. The weakness of this study is that it
has not captured the information regarding secondary
infections arising in such patients. One study has
observed that in major trauma patients, early MODS is
often associated with hypotension and massive volume
administration but very rarely with infection, despite
the high rate of SIRS?. In contrast, other studies have
found higher SIRS score, particularly in the second
and third weeks to be predictor of infection in trauma
patients*>?. Various inflammatory markers such as
serum interleukin-6 have been studied in search of a
predictor of infection®’.

The rise in pro-inflammatory markers has been
reported among patients undergoing early surgery
for trauma as compared to patients not undergoing

surgery and control group?. However, in the present
study, the trauma of surgery performed for treatment
of injury did not seem to significantly contribute to
this post-traumatic inflammation, organ dysfunction
or mortality. Life saving surgery in trauma is carried
out to control haemorrhage, prevent contamination
and sepsis, decompress closed spaces and immobilize
and reperfuse ischaemic limb. Although the trauma
of surgery may enhance inflammation, its effect may
reduce the organ damage.

Systemic inflammatory response and subsequent
organ dysfunction are commonly observed after major
trauma, predominantly in patients with severe injury
and those in shock. Patients with SIRS score of 2 or
more on day 1 after arrival to the hospital are more
likely to develop MODS and are therefore, likely to
need prolonged ICU stay and critical care interventions
such as ventilatory support, blood and blood products
and at times, inotropic support. It is useful to monitor
SIRS and MODS scores serially, because their rising
trend over time is suggestive of worsening condition
and indicates the need for close monitoring and timely
and appropriate critical care support. This should also
be useful in counselling about prognosis.

Conflicts of Interest: None.
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