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Abstract

Background Early identification of patients who may need massive blood transfusion remains a major challenge in
trauma care. This study proposed a novel and easy-to-calculate prediction score using clinical and point of care
laboratory findings in patients with abdominal trauma (AT).

Methods Patients with AT admitted to a trauma center in Qatar between 2014 and 2017 were retrospectively
analyzed. The FASILA score was proposed and calculated using focused assessment with sonography in trauma
(0 = negative, 1 = positive), Shock Index (SI) (0 = 0.50-0.69, 1 = 0.70-0.79, 2 = 0.80-0.89, and 3 > 0.90), and
initial serum lactate (0 < 2.0, 1 = 2.0-4.0, and 2 > 4.0 mmol/l). Outcome variables included mortality, laparotomy,
and massive blood transfusion (MT). FASILA was compared to other prediction scores using receiver operating
characteristics and areas under the curves. Bootstrap procedure was employed for internal validation.

Results In 1199 patients with a mean age of 31 & 13.5 years, MT, MT protocol (MTP) activation, exploratory
laparotomy (ExLap), and hospital mortality were related linearly with the FASILA score, Injury Severity Score, and
total length of hospital stay. Initial hemoglobin, Revised Trauma Score (RTS), and Trauma Injury Severity Score
(TRISS) were inversely proportional. FASILA scores correlated significantly with the Assessment of Blood Con-
sumption (ABC) (r = 0.65), Revised Assessment of Bleeding and Transfusion (RABT) (r = 0.63), SI (» = 0.72), RTS
(r = — 0.34), and Glasgow Coma Scale (r = — 0.32) and outperformed other predictive systems (RABT, ABC, and
SI) in predicting MT, MTP, ExLap, and mortality.

Conclusions The novel FASILA score performs well in patients with abdominal trauma and offers advantages over
other scores.

This study was presented in part at the American College of
Surgeons’ Clinical Congress, 2019 to be held in San Francisco, CA,
from October 27-31.
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plementary material, which is available to authorized users.
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Introduction

Uncontrolled bleeding is the leading preventable cause of
death from trauma worldwide. Nearly half of all deaths
within the first 24 h after trauma are caused by exsan-
guination and coagulopathy [1]. Massive transfusion (MT),
defined as the transfusion of 10 or more units of packed red
blood cells (PRBCs) in 24 h [1, 2], is required in 3% of
patients with trauma. MT is usually unplanned and requires
large quantities of blood; however, it is often the differ-
entiating factor between life and death [1]. Delays in
activating massive transfusion protocols (MTP) may
adversely impact patients’ outcomes, while inappropriate
activation may waste resources and incur costs to the
institutions. Timely, sustained, and appropriate MTP acti-
vation remains a challenge to all trauma centers and the
cost-effectiveness process [3-6].

MTP activation relies heavily on the subjective clinical
judgment of initial vital signs and on the response to initial
resuscitation. Various scoring systems have been proposed to
identify patients in need of MT. Currently, there are nearly two
dozen military and civilian prediction scores in the medical
literature. However, no universal consensus has been reached,
and none of them have been widely adopted [2—4, 7-22].
Many scores use time-consuming laboratory tests along with
physiologic and anatomical parameters [2—4, 7, 9-12, 14, 20],
whereas others use physiologic parameters along with point of
care (POC) tests [8, 15, 17-19]. However, few of these scores
are simple, efficient, and easy to remember and coincidentally
are the ones most commonly used in practice. They include the
Assessment of Blood Consumption (ABC) score, mostly for
penetrating trauma, the Shock Index (heart rate/systolic blood
pressure), and the Revised Assessment of Bleeding and
Transfusion (RABT) score [8]. However, these scores have
several limitations.

Our group proposes the “FASILA score,” which com-
bines clinical, physiological, and laboratory parameters
that are individually reliable predictors of mortality and the
need for blood transfusion. We hypothesized that the
incorporation of focused assessment with sonography in
trauma (FAST), SI, and serum lactate into one scoring tool
(the FASILA score) would provide an accurate, simple, and
easy-to-remember scoring system, offering superior out-
comes compared to other prediction scores. FAST is a
routine, primary adjuvant test to detect blood in the peri-
toneum in abdominal trauma. FAST positivity or negativ-
ity, and/or the number of positive regions, are well-known
determinants of MT requirements [3, 8, 9, 23]. However,
the accuracy of FAST depends on the technical skill of the
operator and on patient-related factors including obesity.

i

The heart rate (HR) and systolic blood pressure (SBP)
are universally employed for the initial evaluation of
injured patients and have been included in several predic-
tion models [3, 7-11, 16, 20]. The HR/SBP ratio, referred
to as the Shock Index (SI), outperforms HR or SBP alone in
predicting MT [22, 24]. However, HR and SBP have sig-
nificant limitations and are affected not only by bleeding,
but also by timing, anxiety, stress, and medications.

Serum lactate has been used as a diagnostic and prog-
nostic parameter for hemorrhagic shock for many decades.
However, few prediction models have incorporated it
[10, 23]. Sohn et al. [25] recently reported that combining
initial lactate with SI improves the predictive performance
for MT in primary postpartum hemorrhage. Despite its
limitations, serum lactate levels correlate well with shock,
mortality, and response to resuscitation efforts. Although it
is relatively expensive and not available in many trauma
centers, introducing the point of care (POC) to measure
serum lactate accelerates the laboratory process to get its
results in few seconds with subsequent early decision.

Prediction models perform better than clinical judgment
alone [26]. However, the existence of dozens of scoring
models indicates their inadequacies and reflects the hetero-
geneous and contrasting approaches to decision-making in
early trauma resuscitation [26]. We speculate, in addition to
accuracy, simplicity of calculation (as in the FASILA score)
is of prime importance for an ideal prediction score in early
trauma resuscitation. The aim of the current study was to
introduce and test the utility of this novel simple score
(FASILA) using clinical and POC laboratory findings, to
predict MT and mortality in patients with abdominal trauma,
and to compare it with the other widely used scores.

Methods

Data were obtained from the prospectively collected Qatar
National Trauma Registry for all patients with abdominal
trauma who were admitted to the Hamad Trauma Center
(HTC) between 2014 and 2017 and were retrospectively
analyzed. All patients with documented FAST results, initial
vital signs (SBP and HR), and initial serum lactate were
included. We excluded patients with pre-hospital cardiac
arrest. The primary outcome of the study was the requirement
of MT (i.e., transfusion of 10 units or more of PRBCs within
the first 24 h of trauma). This study focused on patients with
abdominal injury because the abdomen is an important and
frequent site of bleeding in cases of trauma that requires
hemostatic resuscitation (including MT), surgery, and other
hemostatic interventions. In this study, abdominal trauma was
defined based on the ICD-9 (code 863-869).
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The baseline and clinical characteristics of all patients,
including age, type of trauma (blunt or penetrating), initial
vital signs, initial laboratory findings, quantity of blood
transfusion, length of hospital stay, intensive care unit
(ICU) admission, number of days on the ventilator, and in-
hospital deaths, were retrieved from the electronic medical
records. Initial vital signs in the emergency department
(ED) including SBP, diastolic BP, HR, and oxygen satu-
ration were obtained.

The FASILA score is the sum of the following param-
eters: FAST tests (negative =0, positive=1), SI
(0 =0.50-0.69, 1=0.70-0.79, 2 =0.80-0.89, and
3 > 0.90), and initial serum lactate (0 < 2.0, 1 = 2.0-4.0,
and 2 > 4.0 mmol/l). The minimum and maximum scores
were 0 and 6, respectively.

Serum lactate was estimated on arrival using POC
testing (ABL90 FLEX blood gas analyzer), which delivers
17 parameters within 35 s from as little as 65 pL of blood
[27]. The normal range of SI in healthy adults is between
0.5 and 0.7 [25]. Initial pulse pressure was defined as the
difference between SBP and DBP at the ED.

The ABC score is the sum of FAST (positive = 1), SBP
(<90 mmHg = 1), HR (> 120 bpm = 1), and mechanism
of injury (MOI) (penetrating = 1) [24].

The RABT score includes the FAST result (posi-
tive = 1), SI (> 1 = 1), pelvic fracture (present = 1), and
MOI (penetrating = 1) [28].

The Revised Trauma Score (RTS 0-12) comprises three
parameters, namely, the Glasgow Coma Scale (GCS), SBP,
and respiratory rate.

The Trauma and Injury Severity Score (TRISS) is a
combination index based on the RTS, Injury Severity Score
(ISS), and patient’s age [29].

The Hamad Trauma Center is the only tertiary level 1
national trauma center in Qatar. It provides treatment for
moderate to severe traumatic injuries. Emergency treat-
ment is freely accessible to everyone living in Qatar. Qatar
(approximately 2.6 million population) has a mature and
well-established trauma system, which was the first trauma
organization in the world accredited by the Accreditation
Canada International (ACI), attesting to the high quality
and safety of the care provided. The HTC receives
approximately 2500 patients with traumatic injuries per
year (approximately 1500-2000 patients require hospital
admission annually); the majority (45%) have road traffic
injuries (RTI). Abdominal trauma accounts for approxi-
mately 15% of all trauma-related admissions, of which
approximately 2/3 are RTI cases [30].

This study was conducted in accordance with the insti-
tutional ethical standards and after approval from the
Research Ethics Committee of the Medical Research
Center, Hamad Medical Corporation (IRB # MRC-01-18-
003). A waiver of consent was granted as there was no
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direct contact with patients, and the data were anony-
mously collected. This study included the STROBE
checklist (Supplementary Table 1).

Statistical analysis

Data were presented as means =+ standard deviations (SD),
medians (range/interquartile range) and 95% confidence
intervals as appropriate, for continuous variables, and as
frequencies and proportions for categorical variables. A
comparison was made between patients who received MT
and those who did not.

Receiver operating characteristic (ROC) curve analysis
was performed for the optimum FASILA cutoff score,
plotted against blood transfusion. Patients were divided
into 2 groups based on the FASILA cutoff value (low vs.
high score groups), and differences between the groups
were analyzed. The area under the curve (AUC) and the
c-statistic were calculated to evaluate the performance and
discriminatory power of the FASILA score. The sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) of the score in predicting the need
for MT were determined. Furthermore, FASILA score was
categorized into 7 points from 0 to 6, and the 7-point
FASILA scales were analyzed and compared. Differences
in categorical variables between the respective comparison
groups were analyzed using either the Chi-square or
Fisher’s exact tests. Continuous variables were analyzed
using either the Student’s 7 or analysis of variance
(ANOVA) tests. Correlation coefficients were used to
measure the strength of the relationship between the
FASILA score and ISS, TRISS, RTS, GCS, RABT, ABC,
and quantity of blood transfused.

A two-sided p < 0.05 was considered statistically sig-
nificant. The bootstrap procedure was used for internal
validation. We used bootstrap, sampling with replacement
from the original data, which is a technique to predict the
fit of a model to a hypothetical testing set when an explicit
data or temporal data set is not available [31]. Logistic
regression on 200 samples with replacement using simple
random sampling from original data set was used to see
bias and 95% confidence interval of percentile type for
FASILA score. All statistical analyses were performed
using Statistical Package for the Social Sciences (SPSS) for
Windows version 21.0 (SPSS Inc; Chicago, IL, USA).

Results

Approximately 6400 injured patients were admitted to the
Hamad Trauma Center between 2014 and 2017. Among
them, 1199 patients with abdominal trauma were included
in this analysis. The majority (n = 1111; 93%) suffered
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blunt trauma, and 90% were male. The mean age of the
cohort was 31 £ 13.5 years. The most prevalent mecha-
nism of injury was RTI (60%), followed by fall from
heights (20%). Blood transfusion (any amount) was nec-
essary in 477 patients (40% of the cohort); of them MTP
was activated in 170 patients, whereas 138 received > 10
units of PRBC in 24 h. Exploratory laparotomy was per-
formed in 27% (n = 326) of the patients. FAST scan was
positive in 30% and negative in 70% of cases. The overall
median FASILA score was 3 (0-6); the score was lower in
cases of penetrating trauma [2 (0-6)], compared with blunt
trauma [3 (0-6)] (p = 0.73) and was higher in the pediatric
group [4 (0-6)], compared with the adult group [3 (0-6)]
(p = 0.002). Figure | shows the study design and
outcomes.

Supplementary Table 2 shows the differences between
the characteristics and outcomes of patients who received
MT, compared to those who did not. Patients who received
MT had higher FASILA scores, higher ISS, a higher inci-
dence of laparotomy, longer hospital stay, and higher
mortality (p = 0.001).

Validation of predictive models showed that 0.003 bias
with 0.09 standard error in the model for the coefficient of
FASILA (0.65; 95% CI 0.475-0.854; p = 0.005), i.e.,
0.003/0.65 x 100 = only 0.5% biasness in the coefficient
suggesting appropriateness for generalizing the model.

Table 1 shows the relationship between the 7-point
FASILA scores and patient characteristics, laboratory
findings, outcomes, and other injury scores (ISS, RTS,
TRISS, and ABC scores). The initial hemoglobin levels
decreased with increases in the FASILA score, while the
white cell count and serum lactate levels increased expo-
nentially (p = 0.001). Similarly, SI progressed linearly and
was > 1.0 when the FASILA score was > 4.0. When the
FASILA score was high, i.e., between 4 and 6 (19-87%),
there was a significant increase in the proportion of patients
with ABC scores > 2. The median ISS increased signifi-
cantly, particularly for FASILA scores between 4 and 6; in
contrast, the TRISS and RTS were inversely proportional
(p = 0.001).

The ROC curve showed that the optimum FASILA
score associated with blood transfusion was 4.5 (18.7% of
the cohort had higher score). Supplementary table 3 shows
the comparison between FASILA scores of < 4.5 vs.
> 4.5. Compared to FASILA scores of < 4.5, higher
FASILA scores were associated with higher ISS, MT, MTP
activation, laparotomy, longer hospital stay, and mortality.
The optimum FASILA cutoff (4.5) was determined by the
ROC curve with AUC 0.81(0.78-0.84); p = 0.001 (suppl
Fig. 1) with 97% specificity and 90% positive predictive
value.

Fig. 1 The study design and
outcomes

Total admission of trauma
between 2014-2017 (n=6400)

A 4

Total admission of abdominal
trauma (n=1199)

FAST:

POC serum Lactate:
0=<2.0,
1=2.0-4.0,

2=>4.0 mmol/l

1=positive

0= negative

iy

FASILA Score

Shock index:

0=0.50-0.69, 1=0.70-0.79,
2=0.80-0.89,

3=2>0.90negative

i

0

BLood transfusion%
MTP activation %

Mortality % 1%

98
68
21

@ Springer



World J Surg (2020) 44:1126-1136

1130

JOI pue UBIpIA,
Q18D [RONLID

QATSUUT ) ‘Tendsoy g7 ‘Aels Jo YISUS[ §O7 ‘2I00S BWNRI], PISIAY S 7Y DI00S A1oAag Amluf pue ewinel], 737 ‘@100 A10AS Amful §7 “unod [[90 poo[q Aym HgM ‘urqojsowsy gy

[BAIQIUI Q0USPYUOD 9 GG PUB uedw se pajudsaid ereq

10000  (9¥'Te=SL'61) 11°9C  (66'0v—L0°LT) €0E  (CL1E-T16'VT) 1€€C  (28°0C-9T€ED) ¥vO'LT  (TLOI-LSTD) ¥I'¥T  (PI'EI-10'8) LSOT (6L°8-ST'S) TO'L SOTH [®10L
€000  (0L'91-S€'6) CO€l  (I1S°81-6T°01) ¥'¥1 (zo's1-¢'6) 91°C1 #9'TI-¥9'9) ¥9°6 (18°01-6'S) 9¢'8 (SO01—¥CT¥) ¥I°L (PL'9-9T'D) S6°€ SOT NJI
6¥9°0 (8€'6=S1'9) 9T’L  (LETI-IL'L) ¥O'01 (S6'T1-L99) 1€°6 (LEOT-T6'S) ST°8 (STT11-90°9) SI'8  (8%'S1-60°S) 6T°01 a6’ 11-0m 9°¢ sAep I0je[nUaA
1000  (IT°L1-61'6) ST'ET  (TE'EI-CE6) TO'TI (87'8-68°S) 80'L (S8'8-85%) 1L'9 (€8°S—TE) €S¥ (16'9-LED) ¥9'¥ (TEr—€r'1) 88°C junowre poorq
1000 (Le-LDLT (Pe-LDLT (6T—TDLT (€T-6)LT (—6)r1 (L1-89)¢T L1=9)et eSS
1000 (96'9-68°S) ¥'9 (T0'L—9€9) 699 (r€'L-T8'9) 80'L (S¥'2—96'9) TL (69°L-LEL) €S'L (T8L=S9L) vL'L (6'L-9L)SLL SLY
1000 (68°0-0L°0) 6L°0 (06'0-18°0) 98°0 (S6'098°0) 160 (S6'0-06'0) £6°0 (86'0—16°0) 96°0 (66'0—L6°0) 860 (66'0-L6°0) 86°0 SSI¥L
1000 (O’ L6—€€°LLILS (69°65—C€°01)0S (08°ST-00TD6'ST (EV'11-CS 0L (ST6-€L'DY'S (0L E-€TOIL'T 0 (%7) < 21008 DGV
100°0 0T F 68 I F 6 Ol F ¥6 Tl F S6 ¥ F 96 €€ F L6 T F 86 uopeImes £Q du9adg
1000 €l F ¥¢ IT F S¢ IT ¥ oy ST F T IT F 9% 1 F 8% L F IS omssard as[ng
1000 Or'1-0TD €€'T (LET-1TD 6T'T (LO'T-L6'0) TO'T (S8'0-18°0) €8°0 (TL'0-69°0) 0L°0 (99'0—€9°0) S9°0 (19°0-85°0) 65°0 Xopuy Yooys
1000 (P6'L—€0'9) 86'9 (S6+—81'%) 9S¥ (0¥'€967) 8T'¢ (SO'8—LED TLY (60€—957) €8°C (r€'T017) CTC 6V 1D Tl 9je3oe] WnIdg
1000 (86'L1-S0%1) 1091  (60°0T—61°LT) ¥9°8T (68'L1-C9'ST) 9L'91  (LOLI-€8¥I) S6'ST  (IT'LI-CI'SD 1191  (16'ST-60+1) 0°ST  (66'€1-89°T1) ¥8'C1 DM Tenmy
1000 (T€TI—98°01) 6S'TT  (09°TI-SLIT) 81Tl (SE'€1-95°C1) 96CT  (IL°€1-T6CI) TEEl  (SE9I-€T'ED) SLFT  (8EHI-LYED) €1V (8€HI-CLET) SO¥1 qH [enmg
LLY'0  (99'9€—8G°0€) 79'€E  (8L'PE-8S0E) 89°CE  (9€¥E-81'0€) LTTE (8'¥€-0'1€) 06TE  (90°GE—8S'1€) TE'€E  (S9°SE-€Y'TE) vOvE  (81'8€—89°CE) €F'SE a3y

d 9 2100§ G 2100§ $ 2100§ € 21008 7 9100§ 1 9100S 0 2100S J[qeLIB A

21095 VISV U} uo paseq 9sinod [eyidsoy pue ‘sa100s Afur ‘surpuy A1ojeroqe] ‘sonsueloeIRyd sjuaned T d[qel

pringer

A's



World J Surg (2020) 44:1126-1136

1131

Table 2 Pearson correlation coefficient analysis for FASILA score

ABC score Pearson correlation (r) 0.655
Sig. (2-tailed) 0.001
N 820
RABT Pearson correlation (r) 0.634
Sig. (2-tailed) 0.001
N 954
Injury Severity Scoring Pearson correlation (r) 0.386
Sig. (2-tailed) 0.001
N 816
TRISS Pearson correlation (r) — 0.303
Sig. (2-tailed) 0.001
N 725
Revised Trauma Scoring Pearson correlation (r) — 0.340
Sig. (2-tailed) 0.001
N 728
Shock Index Pearson correlation (r) 0.718
Sig. (2-tailed) 0.001
N 820
Blood amount Pearson correlation (r) 0.321
Sig. (2-tailed) 0.001
N 353
Glasgow Coma Scale at ED Pearson correlation (r) — 0.320
Sig. (2-tailed) 0.001
N 800
Scene SPo2 Pearson correlation (r) —0.21
Sig. (2-tailed) 0.001
N 706
Pulse pressure Pearson correlation (r) —0.37
Sig. (2-tailed) 0.001
N 920
Age > 14 years® Pearson correlation (r) — 0.0.08
Sig. (2-tailed) 0.02
N 875

For age < 14 years old (n = 63): r = — 0.15; p 0.23

Correlation coefficients

Table 2 shows the significant correlations between the
FASILA score and the other parameters/scores. It demon-
strates that the FASILA score is directly related to RABT
(r = 0.63), ABC (r = 0.65), and ISS scores (r = 0.39) and
is inversely related to TRISS (r=— 0.30), RTS
(r = — 0.34), scene oxygen saturation (r = — 0.21), GCS
(r = — 0.32), and pulse pressure (r = — 0.37); (p = 0.001
for each variable).

Figure 2 shows the association between the FASILA
score, serum lactate, and SI; the linear relationship between
SI and the FASILA score is evident. In this cohort, serum
lactate reached its peak (6.98 mmol/l) at a FASILA score

Shock Index vs. FASILA score

0 1 2 3 4 5 6

Serum Lactate vs. FASILA score

0 1 2 3 4 5 6

Fig. 2 FASILA scores against Shock Index (upper) and serum
lactate (lower panel)

of 6, while scores of 0 and 1 were associated with normal
serum lactate levels (1.42-2.22 mmol/l).

Outcomes

Figure 3 shows the association between FASILA scores
and the need for exploratory laparotomy, blood transfu-
sions, and hospital mortality. It demonstrates that the MTP
activations rose from 0 to 68% with the increases in the
FASILA score. From FASILA scores of 4 onwards, the
proportion of exploratory laparotomies rose sharply from
24 to 85%.

The overall mortality was (n = 79) 6.6%, with 1/3 of
deaths occurring within the first 24 h, 1/3 within the first 2
to 7 days, and around 40% occurring after 1 week of
admission. Among those who died within the first 24 h, the
FASILA score was 4.85 £ 1.38, compared to 4.12 + 1.39
in those who died after 1 week. Mortality increased from 1
to 2% in patients with FASILA scores of O to 2 and reached
21% in patients with FASILA scores of 6 (Fig. 3).

In terms of MTP, blood transfusions, and mortality, the
FASILA score demonstrated a higher AUC on ROC anal-
ysis compared to the other scoring systems including
RABT, ABC, and SI (Table 3 and Fig. 4). The discrimi-
natory powers of the FASILA score in predicting MTP
activation, blood transfusions, need for exploratory
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Fig. 3 Outcomes at each
FASILA scale

MTP

Blood transfusion

Exploratory laparotomy

Mortality

Table 3 c-Statistics

MTP*

Blood transfusion*

Mortality* Exploratory lap*

1 Area under the curve (AUC) for the 4 scoring systems
FASILA 0.87 (0.84-0.90)
RABT 0.84 (0.81-0.87)
SI 0.83 (0.79-0.87)
ABC score 0.61 (0.56-0.67)
Blood transfusion

2 Discriminatory power of FASILA score

Sensitivity (%) 42 68
Specificity (%) 97 89
Positive PV (%) 90 53
Negative PV (%) 69 94
+ LR 14 6.2
— LR 0.60 0.36
Accuracy (%) 73 86

0.81 (0.78-0.84)
0.77 (0.74-0.80)
0.77 (0.74-0.80)
0.59 (0.55-0.63)
MT protocol

0.77 (0.72-0.83)
0.64 (0.57-0.71)
0.72 (0.66-0.79)
0.51 (0.42-0.59)

0.70 (0.65-0.73)
0.72 (0.69-0.76)
0.62 (0.58-0.66)
0.70 (0.65-0.73)

Exploratory laparotomy Mortality
40 55

89 83

60 19

78 96

3.6 32

0.67 0.54

75 81

*p value was significant (< 0.001) for the 4 AUCs
SI Shock Index, PV predictive value, LR likelihood ratio

laparotomy, and mortality are shown in Table 3. The
FASILA score had a greater NPV for mortality (96%) and
MTP (94%). It had also a specificity and positive likelihood
ratio of 97% and 14, respectively, for blood transfusion.
Figure 4 shows the area under the receiver operating
characteristics (AUROC) analysis for the FASILA, RABT,
ABC, and SI in terms of MTP activation and blood trans-
fusions. FASILA outperformed the other 3 scores.

@ Springer

Discussion

The present study proposed and tested the novel FASILA
score in patients sustaining abdominal injuries, for the early
prediction of massive transfusion, exploratory laparotomy,
and mortality. In addition to being an acronym for
FAST + SI + lactate, the word FASILA also means bud
or sprout (palm-cutting) in Arabic. The present study has
several key findings. The FASILA score correlates well
with the commonly used contemporary scores such as the
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RABT, ABC, and SI, in predicting blood transfusions and
outcomes in trauma. However, FASILA outperforms these
scores in patients with both blunt and penetrating abdom-
inal trauma, with ease of calculation, higher AUC values,
better discriminatory power, and internal validation This
score reflects the current physiological and tissue perfusion
status and correlates inversely with the pulse pressure,
which is an important surrogate for the stroke volume. It
may therefore be used subsequently as a tool to track the
loss of blood volume in patients with trauma [32]. Addi-
tionally, the SI, as a component of the FASILA score,
reflects the integration of the cardiovascular and sympa-
thetic nervous systems and correlates well with the central
venous oxygen saturation and early shock [33-36]. Of note,
SI is directly proportional to the FASILA score in our
study.

Compared to lower scores, a FASILA score of 4.5 and
above was associated with a two-, three-, four-, and
eightfold increase in MT, exploratory laparotomy, sepsis
and mortality, and MTP activation, respectively. Moreover,
a FASILA score of 4.5 doubled the duration of stay in the
ICU and hospital. Compared to those who died after
1 week, 1/3 of patients who died in the first 24 h had
significantly higher FASILA scores.

Ideally, predictive scores should be simple, easy to
remember, reliable, efficient, and reproducible. There are
many different approaches for early resuscitation of
patients with trauma. This is reflected by the existence of
almost 2 dozen of prediction scores for MT activation [26].
These scores share many similarities, particularly in the
selection of variables used to calculate them. However,
their performance is not comparable [26]. Such scores have
been shown to outperform clinical judgment alone and may
play a critical role in supporting the clinical decision-
making [26]. Studies have shown that the SI has better
predictive power than its individual components (HR, SBP)
[28]. However, there is no consensus on the optimal cutoff
value for SI and when it should be used. Notably, the most
widely used scores such as the ABC and SI include few
variables for calculation, and the components are easy to
obtain in emergency settings; these factors account for their
popularity [8]. The ABC score was developed and tested in
patients with penetrating trauma, and it consequently has
limited applicability in most patients with blunt trauma and
in the elderly. In addition, it does not reflect the status of
tissue perfusion on arrival. The ABC score does not rely on
the SI, but on its separate components (not as a ratio).
Recently, Schroll et al. [24] concluded that the SI outper-
formed the ABC score, being more sensitive and requiring
less technical expertise in predicting the need for massive
transfusion. The addition of pelvic fractures as a parameter
in the SI and FAST systems increased the discriminatory
power of the RABT score [28]. The RABT score has

shown better sensitivity, specificity, and discriminatory
power than the ABC score in predicting MT activation
[28]. However, the RABT score relies on a single SI cutoff
value (> 1) and lacks utility as an instant tool for indicating
tissue perfusion status. Notably, the FASILA involves four
different cutoff values of the SI and three ranges of lactate
levels.

The SI is a good predictor of MT in various settings of
trauma [34]. However, it has many limitations related to
factors that affect each of its components (HR and SBP); it
is also affected by the prior or concomitant use of medi-
cations and by the severity of pain [22]. Vandromme et al.
[10] showed that in the pre-hospital settings, the incidence
of MT rose substantially at SI levels above 0.9 in nor-
motensive patients with blunt trauma. A study that included
8111 patients demonstrated that SI scores of 0.9 to 1.1, 1.1
to 1.3, and > 1.3 increased the risk for MT by 1.5-, 5- and
eightfold, respectively [10]. Rau et al. [37] found that SI
was moderately accurate in predicting the need for MT,
with a cutoff value of 0.95 (AUC: 0.76). However, it had
lower predictive power in patients with hypertension, dia-
betes, or coronary artery disease. Our previous study [22]
on patients with trauma in the ED revealed that compared
to SI scores of < 0.8, scores of > 0.8 were associated with
a higher incidence of blood transfusions (28.6 vs. 9.0%)
and MT (17.7 vs. 3%) (p = 0.001). The cutoff value of 0.81
had a sensitivity, specificity, PPV, and NPV of 85%, 64%,
16%, and 98%, respectively [22]. In the present study, the
SI scores progressed linearly with the FASILA scores;
FASILA scores of > 4 were associated with SI scores of
> 1 (0.97-1.46).

A recent study in patients with primary postpartum
hemorrhage has shown that initial lactate levels are inde-
pendently associated with the need for MT and combining
lactate with SI improves the predictive performance com-
pared to either variable alone [25]. In the search for a
simple and easy predictive score for MT in cases with
predominantly blunt trauma, evidence such as this led to
the development of the FASILA score. In addition to other
laboratory findings such as base deficit (i.e., tissue
hypoperfusion and anaerobic metabolism), the initial serum
lactate level is a determining factor for MT [38]. The
models of both, Vandromme and the Traumatic Bleeding
Severity Score (TBSS) incorporated lactate [10, 23].
Vandromme used lactate levels of > 5 mmol/l as a crite-
rion for MT along with values of SBP < 110 mm Hg,
HR > 105 bpm, INR > 1.5, and Hb < 11 g/dl [10]. The
TBSS includes 5 variables, namely age, SBP after rapid
infusion of 1000 ml of crystalloid, results of the FAST
scan, severity of pelvic fractures, and lactate concentrate on
arrival; the maximum TBSS value is 57 points [23].
Compared to the FASILA score, this score needs a longer
time to calculate as infusions, measurements of serum
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lactate (routine laboratory test; not a POC test), and
assessment of the severity and class of pelvic fracture
requires longer time. A recent study demonstrated that pre-
hospital serum lactate levels were predictive of the need for
resuscitative care in normotensive patients with trauma.
However, it was not better than the SI as a predictive tool
[39].

FAST, a component of several scores including FAS-
ILA, is used to detect the presence of hemoperitoneum and
pericardial effusion in cases of trauma. However, its
accuracy is dependent on operator skills. Moreover, it

@ Springer

cannot quantify the amount of bleeding; therefore, unless
used along with other variables such as the vital signs and
mode of injury, FAST has certain limitations in predicting
MT. In our study, MT was given more in patients with
positive FAST (35%) in comparison with 25% in patients
with negative FAST, whereas in shock patients the pro-
portion of MT was 46 to 51.5%, respectively. Rowell et al.
[38] reported that FAST had a sensitivity of 62% and
specificity of 83%, and therefore, in hypotensive patients
with a negative FAST result, clinicians should still main-
tain a high index of suspicion for significant abdominal
bleeding [40]. Do et al. [41] found that FAST could
identify abdominal/pelvic bleeding in almost half of non-
compressible torso hemorrhage (NCTH) patients, and this
was not improved in patients with shock on arrival.

The parameters for the FASILA score are easy to
remember; most clinicians and nurses worldwide are
familiar with and use of FAST, SI, and POC serum lactate
in early trauma resuscitation. The score is also easy to use
and calculate, is available within few minutes of arrival,
and may alert clinicians of the possibility of death in the
absence of MTP activation.

Limitations

The present study had the inherent limitations of all ret-
rospective and single-center studies. In addition, patients
with trauma who died before arrival at hospital, or pre-
sented to the ED with cardiac arrest, were not included.
Assessment at admission may have been influenced by pre-
hospital time and care, which included the administration
of intravenous fluids and/or vasopressors. Most patients
included in this analysis had blunt trauma and were adult
males—Iless than 10% had penetrating injuries, were
female, or were of the pediatric age group (< 14 years old).
The present study defined MT as the transfusion of 10 or
more units of blood in the first 24 h, which is beset with
limitations. Many authors have attempted to overcome the
limitations of this definition including Savage et al. [42]
that proposed instead the critical administration threshold
(CAT). Regardless of the many limitations, 10 U/24 h still
remains the most utilized definition for MT worldwide. We
did not include severely injured patients who die or stop
bleeding with less than 10 units of RBCs, but certainly
qualify. We also do not have information on the hourly
transfusion.

FASILA was tested against other scoring systems but
not against “clinical gestalt” alone. Pommerening et al.
[43] recently demonstrated that “clinical gestalt” outper-
formed ABC score in predicting the need for MT in the
PROMMTT study. Notably, clinical gestalt had a sensi-
tivity of only 66%, performing poorly as a screening test
for MT and missing over 1/3 of patients who ultimately
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required MT. In contrast, other studies have indicated the
superiority of predicting scores to “clinical gestalt” in
isolation, suggesting that scores such as FASILA are useful
in situations where the clinical findings are equivocal or
misinterpreted. While clinical findings supersede all other
investigations, scoring systems such as FASILA may
augment the prompt identification of ongoing hemorrhage
and reduce the time to initiating life-saving hemostatic
measures.

In addition, in the era of early hemostatic resuscitation,
patients may require less transfusions if the need for blood
products is correctly identified and immediately treated,
thus increasing the value of scores such as FASILA. Lastly,
confirmation of the cause of death from postmortem
examinations was lacking. We plan to prospectively uti-
lizing this score with development of a bedside app to
perform this calculation on spot. Although internal vali-
dation supports the generalizability of the study, further
external validation would be helpful as well.

Conclusions

The FASILA score is a novel, simple, feasible, and easy-to-
remember tool that predicts the need for blood transfusion,
MTP activation, and the risk of mortality in patients with
abdominal trauma. Further validation is required before
widespread clinical implementation and adoption.
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