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to determine the characteristics and frequency of alcohol and poly-drug com-
binations in patients triaged by Trauma Team Activation (TTA) codes. Me-
thods: A retrospective study of a Level I hospital trauma registry was initiated
with 14,972 patients of whom 7028 (47%) were Substance Users (SU). There
were 10,369 TTA patients: 5396 (52%) were SU, and 4603 (31%) non-TTA
patients, of whom 1632 (35.5%) were SU. Inclusion criteria were: age >14
years old, blood alcohol level and Urine Drug Screen (UDS) documentation,
Injury Severity Score (ISS), TTA code, hospital charges and Length of Hospi-
talization (LOS). Statistical analyses were performed with one-way ANOVA,
Maximum Likelihood chi squared, and Mann-Whitney U tests. Results: The
median ISS was 5 for both groups. TTA patients were younger than non-TTA
patients (median 33 years versus 41 years). Mortality was significantly higher
for TTA (4.7%) than for non-TTA (0.7%) patients. From 2010-2013 to 2014-
2018, all substance users had a significant decrease in alcohol only use (58.0%
to 42.0%) with an increase in single drug (42.0% to 58.0%) and poly-drug use
(36.9% to 63.1%), p < 0.0001. For all SU patients (TTA and non-TTA), the
major single drugs used were opiates (19.9%), cannabinoids (THC) (15.2%),
benzodiazepines (7.7%), amphetamines (6.6%), and cocaine (2.5%). The ma-
jor poly-drugs were: opiates/THC (4.7%), opiates/benzodiazepines (4.6%),
THC/amphetamines (3.1%), THC/benzodiazepines (2.2%). Conclusions: By
trauma activation code designation, the TTA group had most of the positive
alcohol and drug screens in this study. Since the change in mandated opioid
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prescription practices in 2014, this study showed increased poly-drug use
(two to six-drug combinations) in urban trauma patients between 2014-2018.
Opioids and cannabinoids continued to be the most frequently used drugs
singly and in combinations.
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1. Introduction

Alcohol, prescription and illicit drugs such as opiates, cannabinoids (THC, ma-
rijuana), and cocaine have been implicated in trauma injuries for decades. In the
United States, many cases from accredited trauma and burn centers are regis-
tered in the National Trauma Data Bank (NTDB) with no recorded positive or
negative alcohol or urine drug screens [1] [2] [3] [4] [5]. As a result, substance
use research studies based on NTDB data or trauma registries that provide the
data for the NTDB may have an inherent selection and compliance bias on this
issue [1] [2] [3] [4] [5]. Table 1 shows a comparison of alcohol and drug screen
demographic results in the NTDB, the literature and the present study [4] [5]. All

substance users cannot be identified by sight only; trauma protocol non-compliance

Table 1. Comparison of NTDB, literature, and current study substance use screens.

NTDB NTDB Langdorf Dunham  This study
2010 [6] 2016 [7] 2002 [5] 2012 [4] 2021
Alcohol # (%) cases 681,990 861,888 170 572 14,972
# Tested 252,781 (38) 337,678 (39) 144 (85) 338 (59) 10,791 (72)
# Positive 98,517 (14.5) 114,296 (13.3) 48 (28.2) 89 (15.6) 3309 (22.1)
# Negative 154,264 (22.6) 233,482 (27.1) -- 323 (56.4) 7482 (50.0)
# Not tested 296,761 (43.5) 514,110 (59.6) -- 234 (40.9) *4179 (28)
% Minimum Rate 14.4 13.3 28.2 23.1 22.1
% Tested Rate 39 33.8 33.3 26.4 30.7
UDS # (%) cases 681 990 861 888 170 572 14 972
# Tested 155,039 (22.3) 194,555 (23) 144 (85) 232 (41) 6181 (40)
# Positive 79,149 (11.6) 10,584 (12.0) 40 (23.5) 67 (11.7) 5320 (36)
# Negative 75,890 (11.1) 90,571 (10.5) -- 165 (28.8) 861 (4.0)
# Not tested 526,951 (77.0) 667,733 (77.5) -- 340 (59.4) *8791 (55)
% Minimum Rate 11.6 12.0 23.5 11.7 35.5
% Tested Rate 51.1 53.2 27.8 28.9 --

Table modified from Dunham* # = number; NTDB = National Trauma Data Bank; UDS = urine drug
screen; *consisted of negative alcohol and drug screens, and screen variables with no documentation;
Minimum rate is the number of positive tests divided by the total patients (tested and not tested); Tested
rate is the number of positive tests divided by the number of patients tested.
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especially for the Urine Drug Screen (UDS) may have become discretionary, based
on cost, insurance, legal, privacy issues, and logistics [1]-[5] [8]. The Trauma
Team Activation (TTA) code that is used to assess patient severity of injury is a
marker inclusive of all patients for required medical-financial triage [9].

The TTA code dictates charges for medical care categories and personnel re-
quired by trauma patients upon arrival in a medical facility. In 1987, the Ameri-
can College of Surgeons guidance for trauma centers was three “domains” of
criteria for field facility triage with provisions for comorbidity and age extremes:
physiologic, anatomic, and injury mechanism [9]. From their research, Dunham
and Langdorf recommended that all TTA patients should be tested for alcohol
and drug screens on arrival, and non-TTA patients on a discretionary basis, or
when specifically ordered by the physician [4] [5]. With the current opioid crisis,
overdose deaths, and Covid-19 pandemic, substance use risk is accelerated due
to increased stress, medical and psychological co-morbidities, with social and
economic challenges. Increased alcohol and drug screens will become imperative
for treatment and prevention not only in trauma but all medical specialties [10]
[11]. Trauma Team Activation (TTA) protocols that include alcohol and sub-
stance screens in coded patients may decrease the selection and compliance bias
present in trauma registries. The objective of this study was to determine the
demographic characteristics and drug combinations (alcohol/drugs/poly-drug
use) of adult TTA and non-TTA patients to determine if mainly the injured sub-
stance users were tagged for the RED, Yellow, and Green TTA codes. Our hypo-
thesis was that most patients with substance use would be coded for trauma

team activation.

2. Methods
2.1. Sample Population

This was a retrospective trauma registry analysis of illicit and prescribed sub-
stance usage at an urban adult and pediatric Level 1 trauma center (January 1,
2010 to December 31, 2018). Of the 19,547 original cases, the exclusion criteria
were: children < 14-years-old (3096, 16.0%), and patients with missing data (4575,
23.4%). Of the 14 972 remaining cases, there were 10,369 (69.3%) TTA patients,
of whom 5396 (52%) were substance users (SU); of the 4603 (30.6%) non-TTA
patients, 1632 (35.5%) were SU. The inclusion criteria were: age > 14-years, In-
jury Severity Score (ISS), length of stay (LOS), hospital charges, recorded insur-
ance providers, gender, injury type (blunt vs penetrating), survival, ethnicity,
and either a positive recorded alcohol blood level or urine drug screen (UDS) or
both. This study was approved on May 11, 2018 by the Institutional Review
Board of Valleywise Health Medical Center (former Maricopa Integrated Health
System).

2.2. Urine Drug Screen

Qualitative results for urinary drugs of use were obtained by Vitros 5600 and
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Vitros 4600 testing systems (Ortho Clinical Diagnostics [OCD], Raritan, NJ).
Only FDA-approved reagents manufactured by Immunalysis, (Thermo Fisher,
Waltham, MA) and OCD were used to complete a screen of up to 15 compounds
in a single panel. Drugs tested were: amphetamine, barbiturates, benzodiaze-
pines (BZD), cocaine, tetrahydrocannabinols (THC), methadone, methamphe-
tamine, opiate (OPI 300), oxycodone, and phencyclidine. Drugs such as trama-
dol, 6-AM, buprenorphine, 6-Acetyl M, methylenedioxymethamphetamine, and
fentanyl were listed in the trauma registry “OTHER” drug category. Prescription
or illicit drug status was not determined for opiate, BZD, THC or amphetamine

use.

2.3. Blood Alcohol Testing

Blood serum alcohol levels were determined on the Ortho Clinical Diagnostics
(OCD) Vitros 5600 (Ortho Diagnostics, Raritan, NJ) and utilized the OCD rea-
gent with MicroSlide Technology (Ortho Diagnostics, Raritan, NJ). This was not
a study on the legal limits of alcohol presence or intoxication. All blood alcohol
levels, BAC > 0.01 g/dl, were included in the study groups since any level ren-
dered the screen as positive.

2.4. Statistical Analysis

Statistical analyses used SAS® software (SAS Institute, Cary NC) for descriptive
statistics, comparison of TTA versus non-TTA patients, and substance use co-
horts: alcohol only (alcohol); alcohol + drugs (alcohol + drugs); single drug only
(single drug); poly-drugs only (poly-drugs). Miscellaneous cases were those with
negative alcohol and drug screens, and screen variables with no documentation;
they were in both the TTA and non-TTA coded groups but separate from the
drug cohorts. One-way ANOVA with a Tukey post-hoc test determined the me-
dian, interquartile range (IQR) for age, ISS score, length of stay (LOS), and hos-
pital charges. Maximum Likelihood chi-squared analysis was performed on ISS,
ethnicity, gender, trauma etiology (blunt versus penetrating), age subgroups
(<20, 20 - 54, 55+ years), payers, mortality. Because the Opioid Task Force was
organized in 2014 to combat the national overdose epidemic, substance usage
time frames were compared as 2010-2013 versus 2014-2018. Mann-Whitney U
test compared the drug groups and time frames for age, LOS, ISS, and hospital
charges. Odds ratios were determined for TTA versus non-TTA patients based
on ISS subsets (<9; 29), hospital charges (United States dollars [$§USD] = 50,000),
etiology (blunt versus penetrating), hospital stay (<day; >a day), suicide, mortal-
ity, and insurance providers using a Wald chi-squared test for significance. In
addition, odds ratios were also performed for the non-TTA central nervous sys-
tem (CNS) component versus the non-CNS cases). For each variable, a p value <

0.05 was considered significant.

3. Results

Most trauma injury (49.4%) was sustained through motor vehicle collisions with

DOI: 10.4236/s5.2021.123008

56 Surgical Science


https://doi.org/10.4236/ss.2021.123008

D. Titus et al.

other vehicles, objects, and pedestrians; less frequent were falls (12.3%), pierced
instruments (11.2%), firearms (6.4%) and other methods (20.7%). Figure 1 shows
the individual drug use annually in all patients. Regardless of whether the pa-
tients tested positive for substance use, the most severely acute patients, (2971,
19.8%), were activated as life-threatening with TTA RED code; the YELLOW
code activated 3184 (21.3%) patients with non-life-threatening injuries. Level III
GREEN was assigned to 4215 (28.2%) patients, who did not belong in the RED
or YELLOW codes but were candidates for either a trauma consultation or possi-

ble admission.

3.1. TTA versus Non-TTA Patients

Table 2 shows the demographic characteristics of TTA and non-TTA patients.
Of the 14,972 patients, 7028 (47%) were substance users (SU). There were 10,369
TTA patients, of whom 5396 (52%) were SU, and 4603 (31%) non-TTA patients,
of whom 1632 (35.5%) were SU. The TTA patients were younger, had higher
numbers of penetrating and blunt trauma, and a higher mortality (4.7% versus
0.7%) than the non-TTA population, p < 0.0001. By ethnicity, TTA patients

Table 2. Demographic characteristics by trauma team activation codes.

TTA

Non-TTA

Total

Number (%)
All Ages median (IQR)

10,369 (69.3)

33.3 (24.1, 48.3)

4603 (30.7)

41.2 (25.1, 56.1)

14,972

35.5 (25.0, 51.1)

<20 years # (%) 1352 (9.0) 450 (3.0) 1802 (12.0)
20 - 54.99 years # (%) 7389 (50.0) 2904 (19.0) 10,293 (69.0)
55+ years # (%) 1682 (11.0) 1249 (8.0) 2877 (19.0)
LOS (days) median (IQR) 1.1 (0.2, 4.1) 2.0 (1.1, 3.9) 1.6 (0.3, 4.0)
M/F (number) 6901/3468 3387/1216 10,288/4684
M/F Ratio 2:1 3:1 2:1
ISS score median (IQR) 5.0 (1.0, 11.0) 5.0 (2.0, 9.0) 5.0 (1.0, 10.0)
Charges/patient ($USD) 42,377 38,732 41,517

Median (IQR)

(25,921, 81,878)

(22,012, 70,110)

(24,807, 76,790)

Suicide # (%) 315 (2.1) 123 (0.8) 438 (2.9)
Mortality # (%) 490 (4.7) 32 (0.7) 522 (3.49)
Penetrating trauma # (%) 1729 (11.6) 646 (4.3) 2375 (16)
Blunt trauma # (%) 8640 (57.7) 3957 (26.4) 12,597 (84.0)
ISS = 9 # (%) 3702 (25.0) 1291 (8.6) 4993 (33.0)
ISS< 9 # (%) 6667 (44.5) 3312 (22.0) 9979 (67.0)
2010-2013 # (%) 5252 (35.1) 1747 (11.7) 6999 (46.8)
2014-2018 # (%) 5117 (34.2) 2856 (19.1) 7973 (53.3)

# (%) = number (percent); median (interquartile range (IQR, 25" percentile, 75" percentile); TTA = trauma
team activation coded patients; non-TTA = non-TTA coded patients; ISS = injury severity score; LOS =
length of stay; $USD = United States dollars; M = male; F = female.
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Figure 1. Annual individual drug use in all patients.

were like the non-TTA patients: 41.7% Caucasian; 36.0% Hispanic/Latino; 9.8%
American Indian and Alaskan natives; 9.5% African American; 3.0% Other. The
most frequent payer was Medicaid 30.5% for both groups. Other providers dif-
fered: private and commercial insurance covered 28.2% for the TTA versus
16.3% for the non-TTA patients; Medicare 7.4% versus 12.3%; self-pay 20.0%
versus 15.6%.

Of the 4603 non-TTA patients, 3081 (67%) had central nervous system (CNS)
trauma; other patients had general, medical, and neurological conditions. The
median ISS for this CNS subset was 5, the median (IQR) for LOS was 2.1 (1.2,
4.1) and age, 41 (28.5, 55.2). By cohort, 7.24% patients were with alcohol +
drugs, 7.37% alcohol only, 12.2% single drug, 13.8% poly-drugs, and 59.5% with
the miscellaneous cohort. They were more likely to be hospitalized for more
than 24 hours (OR 3.58 [95% CI 3.25 - 3.94], p < 0.0001), had low mortality rates
(OR 0.16 [95% CI 0.11 - 0.25], p < 0.0001), and a higher likelihood of poly-drug
use (OR 1.28 (95% CI 1.14 - 1.44) than the non-CNS cases).

3.2. Combined TTA and Non-TTA Patients with Positive Alcohol
and Drug Screens

Table 3 and Figure 2 depict the major demographic characteristics of the four
categories for positive toxicology screened substance use: 1) alcohol only (alco-
hol) 1723 (24.5%); 2) alcohol + drugs-1580 (22.5%); 3) single drug-1981 (28.0%);
4) poly-drugs-1744 (24.8%). Patients in the alcohol + drugs group were signifi-
cantly younger than those in the single drug and the alcohol groups, p < 0.0001.
LOS was significantly increased in the alcohol + drugs, single drug and
poly-drug groups compared to the alcohol group, p < 0.0001. The combined
mortality for the SU group was 2.4%, p < 0.001. By ethnicity, the patients were
similarly distributed within the cohorts: 2850 (40.6%) Caucasian; 2199 (31.3%)
Hispanic and Latino; 1058 (15.1%) Native American Indian and Alaskan; 763
(10.9%) African American; 158 (2.3%) Other. The ethnicity of the patients with

positive alcohol and drug screens was like that seen in the TTA and non-TTA
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Table 3. Trauma patient demographic characteristics by drug cohorts.

Alcohol only

Alcohol + drugs

Single drug

Poly-drugs

*Miscellaneous

Number (%)
All ages (years) median (IQR)

1723
36.1 (27.0, 50.0)

1580
32.5 (25.1, 45.0)

1981
35.0 (25.0, 51.0)

1744
33.6 (25.1, 46.7)

7944
37.0 (24.0, 54.0)

<20 # (%) 91 (0.6) 113 (0.8) 232 (1.6) 162 (1.1) 1204 (8.0)
20 - 54.99 # (%) 1368 (9.1) 1317 (8.8) 1362 (9.1) 1395 (9.32) 4850 (32.4)
55+ # (%) 263 (15.3) 150 (1.0) 387 (2.6) 187 (1.3) 1890 (12.6)
LOS (days) median (IQR) 1.5 (0.3, 3.8) 2.3(0.7,5.7) 2.4 (0.9, 5.3) 2.6 (1.0, 6.0) 1.1 (0.2, 3.0)
M/F (number) 1347/376 1270/310 1358/623 1286/458 5027/2917
M/F Ratio 3.6:1 4:1 2:1 2.8:1 1.7:1
ISS score median (IQR) 5.0 (1.0, 10.0) 5.0 (2.0, 12.0) 5.0 (2.0, 12.0) 5(2.0 - 11.0) 4 (1.0, 9.0)
Charges/patient ($USD) 41,905 48,338 52,229 56,220 36,066

Median (IQR)

(26,673, 74,030)

(30,299, 94,461)

(33,680, 101,973)

(32,150, 110,551)

(21,806, 61,890)

Suicide # (%) 54 (0.4) 60 (0.4) 74 (0.5) 54 (0.4) 196 (1.3)
Mortality # (%) 62 (0.41) 33 (0.22) 51 (0.34) 20 (0.13) 356 (2.4)
Penetrating trauma # (%) 331 (2.2) 408 (2.7) 247 (1.7) 355 (2.4) 1034 (6.9)
Blunt trauma # (%) 1392 (9.3) 1172 (7.8) 1734 (11.6) 1389 (9.3) 6910 (46.2)
1SS = 9 # (%) 574 (3.8) 637 (4.3) 830 (5.5) 697 (4.7) 2255 (15.1)
ISS < 9 # (%) 1149 (7.7) 943 6.3) 1151 (7.7) 1047 (7.0) 5689 (38.0)
TTA # (%) 1390 (9.3) 1291 (8.6) 1516 (10.1) 1199 (8.0) 4973 (33.2)
Non-TTA # (%) 333 (2.2) 289 (1.9) 465 (3.1) 545 (3.6) 2971 (20.0)
2010-2013 # (%) 999 (6.7) 840 (5.6) 832 (5.6) 643 (4.3) 3685 (24.6)
2014-2018 # (%) 724 (4.9) 740 (4.8) 1149 (7.7) 1101 (7.4) 4259 (28.5)

# (%) = number (percent); median (interquartile range [IQR, 25™ percentile, 75" percentile]); TTA = trauma team activation coded patients; non-TTA = not

TTA coded patients; *consisted of negative alcohol and drug screens, and screen variables with no documentation; ISS = injury severity score; LOS = length

of stay; $USD = United States dollars; M = male; F = female.

Distribution of patient alcohol and drug use by trauma team activation
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Figure 2. Four substance use cohorts and the miscellaneous group of negative alcohol
and urine drug screens and undocumented screen variables.

patients. Median hospital charges/patient were in the United States dollars
($USD) = 50,000 range. Major providers for all patients were: 2622 (37.3%) Me-
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dicaid; 2426 (34.5%) private/commercial/government/Workman’s Comp; 1252
(17.8%) Self-Pay; 493 (7.0%) Medicare; 235 (3.4) Other. Figure 3 indicates that
among the TTA coded patients, the highest number of RED codes was in the al-
cohol + drugs cohort, and the highest number of GREEN codes was in the “mis-
cellaneous” cohort. There were statistical differences among the coded and co-
hort cases, p < 0.001 (Pearson and Maximum Likelihood chi square tests). How-
ever, these were not reported due to the partial unknown status of the “miscel-

laneous” cohort in this study.

3.3. 0dds Ratio: TTA versus Non-TTA Patients

The Odds Ratio indicated that there was a greater association of substance use
(alcohol + drugs and alcohol alone), age < 55 years, commercial insurance, and
self-pay within the TTA group, than within the non-TTA group, Table 4. A sig-
nificantly higher mortality was present in the TTA patients compared to the

Table 4. Odds ratios by TTA versus non-TTA patients.

Odds Ratios by TTA versus Non-TTA

Variable Odds Ratio Wald CI Pvalue
Substance user (SU) 1.98 (1.84,2.12) <0.0001
Poly-drugs 0.97 (0.87, 1.08) 0.6389
Single drug 1.52 (1.36, 1.70) <0.0001
Alcohol + drugs 2.12 (1.86, 2.42) <0.0001
Alcohol alone 1.99 (1.75, 2.25) <0.0001
Age < 20 years 1.38 (1.24, 1.55) <0.0001
Age 20 to <55 years 1.45 (1.35, 1.56) <0.0001
Age > 55 years 0.50 (0.46, 0.54) <0.0001
LOS < 1 day 3.34 (3.08, 3.62) <0.0001
LOS = 1 day 0.30 (0.28, 0.32) <0.0001
ISS rating > 9 1.42 (1.32, 1.54) <0.0001
Blunt trauma 0.80 (0.73, 0.89) <0.0001
Penetrating trauma 1.24 1.13,1.37 <0.0001
Hospital charges
> 50,000 $USD 1.15 (1.07, 1.24) <0.0001
Suicide 1.14 (0.92,1.41) 0.2272
Mortality 7.09 (4.95, 10.15) <0.0001
Medicaid 0.98 (0.91, 1.06) 0.6719
Medicare 0.57 (0.51, 0.64) <0.0001
Private/commercial 1.91 (1.74, 2.09) <0.0001
Self-pay 1.34 (1.23,1.48) <0.0001

LOS = length of stay; ISS = Injury severity score; TTA = trauma team activation code patients; non-TTA =
non-trauma team activation code; $USD = United States dollars.
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Patient alcohol and drug use by trauma team activation (TTA) code
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Figure 3. Trauma activation color-coded triage of the four substance use cohorts and the
miscellaneous group of negative alcohol and urine drug screens and the undocumented
screen variables.

non-TTA patients. The RED and YELLOW coded patients were more likely as-
sociated not only with all substance use but also with more poly-drug use than
GREEN coded patients. The median LOS for the TTA group was higher than for
the non-TTA group, yet the TTA group had a higher probability of GREEN
coded patients staying < 1 day, (OR 3.34 [95% CI 3.08, 3.62]), since they had
more low-risk injuries (OR 4.07 [95% Cl 3.78, 4.39]) (Figure 3).

3.4. Substance Use

In this study, the major substances used were alcohol, opiates, cannabinoids
(THC), benzodiazepines (BZD), amphetamines, and cocaine sorted by the TTA
coded groups and by the substance use cohorts. Positive urine drug screens re-
flected the following breakdown of illicit and prescription drug identification:
55.8% had one drug; 28.2% had two drugs; 16.1% had three to six drug combi-
nations positive on admission.

Opiates (1053, 19.9%) and THC (800, 15.1%) were the major single drugs
recorded, Figure 4. More THC and opiates were used by the <20- and 20 -
54.99-year-old subset than by the >55-year-old patients who were more likely to
use BZD and opiates as single drugs. Major poly-drug consumption centered on
opiates/THC (4.7%) or opiates/BZD (4.6%), Figure 5. In the UDS positive de-
ceased population, the most frequent single drugs were BZD (21.4%); THC
(14.6%); amphetamines (13.6%) and opiates (12.6%). The most frequent
poly-drug combinations were BZD/amphetamines (4.9%) and BZD/THC (2.9%)
with various other combinations. Poly-drug usage increased significantly in the
three-four-five-six drug combinations between 2010-2013 and 2014-2018 (38%
to 62%), p < 0.0001.

3.5.2010-2013 versus 2014-2018

For the screened TTA and non-TTA patients, there was a trend toward a signif-

icant decrease in alcohol + drugs and alcohol only use with more single drug/
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Single drug use by the trauma team activation codes
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Percent of single drug use in TTA; non-TTA central nervous system only

0 i i i i

Percent TTARED TTA YELLOW TTA GREEN Non-TTA CNS
mOpiates @Marijuana @Benzodiazepines D Amphetamines @ Cocaine

60

8

]

8

20

10

Figure 4. Single drug use by trauma team activation (TTA) color codes and non-TTA
central nervous system (CNS) injury.
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Figure 5. Poly-drug use by trauma team activation (TTA color codes and non-TTA cen-
tral nervous system (CNS) injury.

poly-drug use in 2014-2018 than in 2010-2013. While alcohol use decreased
from 58.0% to 42.0%, single drug (42.0% to 58.0%) and poly-drug use (36.9% to
63.1%) increased significantly in 2014-2018, p < 0.0001. The ISS did not increase
between drug cohorts or time frames (2010-2013 to 2014-2018), p = 0.2. How-
ever, there was a significant difference in ages and alcohol levels, p < 0.0001;
hospital charges, p = 0.017; LOS, p = 0.02 (Mann-Whitney U test). Hospital
charges/patient increased for all drug cohorts between the two-time frames. As
illicit drug use increased, Medicaid payments increased from 32.71% to 41.4%,
and self-pay decreased from 23.6% to 12.7%, p < 0.001. In the poly-drug cohort
alone, Medicaid payments increased from 27.0% to 73.0% and self-pay decreased
from 62.4% to 37.6% during these time periods.

4. Discussion

Our study has shown that the preponderance of substance users (52%) was in
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the TTA group and 35.5% were in the non-TTA group. This finding substan-
tiated the observations in the literature [4] [5]. The major single use drugs were
opiates, benzodiazepines, THC and amphetamines. The major poly-drug com-
binations were opiates/THC, opiates/BZD, and THC/amphetamines. Both TTA
and non-TTA groups had increased poly-drug use in 2014-2018 compared to
2010-2013. Patients in the miscellaneous group, who were TTA coded were
more likely to be in the poly-drug cohort than in the other cohorts. Poly-drug
usage has been reported as one of the most significant mortality risk factors in
patients undergoing opioid substitution therapy [12] [13]. In 2013, Gudin et al.
indicated that “the contribution of combination use of BZDs, alcohol, and/or
other sedative agents to opioid-related morbidity and mortality is underappre-
ciated, even when these agents are used appropriately...” to alleviate chronic
pain [14]. Despite the potential significance of specific poly-drug combinations
and alcohol use by trauma patients, most articles concentrate on opioid and sin-
gle use illicit drugs; the literature does not combine alcohol and drug screens per
patient but reports screening results separately [4] [15] [16]. The miscellaneous
cohort of negative alcohol and drug screens and undocumented variable created
a selection bias in data results. Vitale reviewed emergency room substance use
studies and noted the lack of appropriate controls for the trauma patient: four
had no controls; two had injured and non-injured; two compared violent crimes
to accidental injuries; one tested to not tested patients; one emergency room pa-
tients to trauma patients who died; and one by age over and under 65-years [2].
Several recent studies reported only positive substance use tests results [3] [15]
[16].

Compliance bias ensues when alcohol and drug screens are ordered but
not performed on trauma patient arrivals in the medical facility due to: anuric or
uncooperative patients, lack of a bladder catheter, uninformed staff, randomly
missed orders, lost samples, busy house staff prioritizing sample collection,
personnel assumptions, inadequate protocol training, or screen cost or legal
concerns especially in drug testing [3] [4] [5] [8]. On the other end, trauma
registrars may not be recording all the pertinent alcohol or urine screens, espe-
cially if the patients were transfers from another facility where those screens
were performed but not recorded for the registrars to locate. Both selection bias
by the frontline physicians and researchers, and compliance bias in obtaining
alcohol blood levels and urine drug screens contribute to the issues with the
trauma data analyzed.

In the United States, the National Trauma Data Bank (NTDB) was established
between 2004-2006 by the American College of Surgeons Committee on Trauma
(ACSCOT) as a national trauma registry for local and state accredited/designated
trauma centers and is supported by the U.S. Health Resources and Services
Administration (HRSA) [17]. As an accredited Level I trauma center, our in-
stitutional trauma registry case data is submitted to this national registry. Trau-
ma registry substance use screens are reported in the following categories: posi-

tive, negative, not tested, unknown, unrecorded, non-applicable or blank. When
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trauma registry cases had not been tested or may have had positive or negative
screens that were not recorded, a certain bias is created, and recognized in trau-
ma and burn research [1]-[6]. Currently, there are no specifications for which
trauma patients should be tested for alcohol and drug use. For this reason, the
emphasis in this study was on the trauma team activation code, which is finan-
cially and medically required in trauma centers. Each trauma patient injury is
visually assessed and triaged on arrival at the medical facility. This study has
shown that most substance users were in the TTA group. Erdogan et a/. reported
that with an official trauma care policy, all TTA patients were to be screened for
a blood alcohol concentration; alcohol screens increased from 33% in 2000 to
85% in 2010 [18]. We summarized the relevant literature to show that trauma
activation code status may be a solution to identify and increase alcohol and
drug tests in trauma patients and decrease the inherent screening selection and
compliance bias. Our study confirmed that TTA coded most of the substance
users. While alcohol and drug screens are reported separately, there is no litera-
ture depicting the specific alcohol and drug combinations most frequently used
among trauma patients, as described in this manuscript. One of the strengths of
this study was the determination of the different prescription and illicit drug
UDS combinations documented in trauma patients, indicating an increase in
poly-drug use in combination with opioids. Increased screening would improve

the opportunities for substance use prevention and treatment [10] [11].

5. Limitations

One of the limitations of this study was the lack of an unbiased “control” of neg-
ative alcohol and drug screens for comparison. The retrospective nature of the
NTDB and study trauma registry contributed to the selection and compliance
bias. Since this was a study performed in one urban trauma center, the results

cannot be generalized.

6. Conclusion

This was a retrospective urban hospital trauma registry study about the correla-
tion of the TTA code and substance use combinations in trauma patients be-
tween 2010 and 2018. The importance of this report is that while alcohol use de-
creased, the economic burden of poly-drug use mainly with opiates, THC, BZD,
and amphetamines increased. Although not definitive because all trauma pa-
tients did not have a recorded alcohol and urine drug screens performed, this
study showed a significant trend and pattern of increased poly-drug use. As
noted in previous reports, TTA coded patients may be strong candidates for
mandatory alcohol and drug screening upon trauma center arrival, while non-
TTA patients may be more likely candidates for optional drug testing. The year
2020 will be a decisive marker for trends in substance use since the Covid-19
pandemic started. Continued marihuana state legalization may have stimulated
more alcohol and poly-drug use, which will continue to impact patient care.

Trauma surgeon development of more definitive protocols for required alcohol
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and UDS screens on trauma patients would improve databases for epidemiologic

and research studies in the future.
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