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T raumatic brain injury (TBI) is a growing global public health 
concern and one of the leading causes of trauma‑related deaths 
(1,2). In the United States (US), TBI-related emergency 

department (ED) visits resulted in 214,110 hospitalizations in 
2020, with 69,473 fatalities in 2021 (2). Motor vehicle collisions 
(MVCs) are among the top three causes of TBI fatalities (1), 
accounting for 17% of all deaths (3). All-terrain vehicle (ATV) 
collisions, meanwhile, result in a high rate of head injuries 
(~30%), multiple fractures, and other trauma across all age 
groups (4,5). ATV-related injuries, regardless of TBI status, have 
a higher in-hospital mortality rate, ranging from 2% to 20%, 
than those traumas involving MVCs, motorcycle collisions, and 
non-traffic accidents (5,6). These injuries also result in extended 
hospitalizations (up to 9 days), increased admission to intensive 
care, and high injury severity scores (ISSs) (4-9). Despite this, to 
the best of our knowledge, few studies have evaluated fatalities 
and hospital courses among ATV-related injured patients with 
TBI (10,11).

In the US, legislation governing ATVs falls under state 
sovereignty, creating inconsistent ATV regulations across states 
(7). Regulations regarding ATV use include mandatory training 
courses, liability insurance requirements, speed limits (<35 mph), 
mandatory helmet use, and eye protection (12,13). Unfortunately, 
around 15 states lack minimum age requirements, safety training, 
or helmet mandates (7). Puerto Rico, a US territory, has poorly 
regulated ATV use, prohibiting drivers on public roads and riders 

under 16 years old (14), along with a requirement for some 
safety gear. These disparate regulations underscore the need 
for consistent laws governing ATV riders across the US and its 
territories (15).

Despite extensive research on ATV-related mortality, 
comprehensive data on admission trends, patient characteristics, 
and hospital outcomes in ATV patients with TBI remain limited. 
Therefore, our objective was to determine the proportion of TBI 
among ATV-related admissions at Puerto Rico Trauma Hospital 
(PRTH), examine their yearly trends, and their association 
with hospital outcomes. We hypothesized that patients with 
ATV-related TBI would have more severe injuries, extended 
hospitalization, and higher mortality rates. These findings inform 
clinical management and support injury-prevention interventions 
tailored to ATV users, ultimately enhancing safety and outcomes 
for this population.

Objective: The growing use of all-terrain vehicles (ATVs) has resulted in a rise in traumatic injuries, 
particularly traumatic brain injury (TBI) cases. This study estimated the TBI rate and its association with 
hospital outcomes among ATV-related admissions at the Puerto Rico Trauma Hospital (PRTH).

Methods: This IRB-approved non-concurrent cohort study of ATV-related admissions at the PRTH from 
2000 to 2022 categorized patients based on admission Glasgow Coma Scale (GCS) scores into TBI (GCS 
3-12) and non-TBI (GCS 13-15) groups. We evaluated sociodemographic characteristics, injury profiles, 
and hospital outcomes using Pearson’s chi-square test, Wilcoxon rank-sum test, and regression models.

Results: Among 581 patients with ATV-related admissions, 80% were men in their mid-twenties. The 
TBI rate was 33.7%. Although ATV-related hospitalizations declined significantly over time, the TBI rate 
showed a weak, non-significant upward trend. ATV-related patients with TBI faced significantly higher risk 
of in-hospital mortality (ARR: 11.71; 95%-CI: 4.41-31.08), post-discharge care facility admissions (AOR: 
4.01; 95%-CI: 1.42-11.37), and longer hospitalizations (AIRR: 1.57; 95%-CI: 1.28-1.94). Additionally, 
adjusted predicted mean hospital costs were significantly higher for TBI patients than non-TBI patients 
($65,925 vs. $26,793; p=0.009).

Conclusion: ATV-related admissions frequently involve TBIs, characterized by more severe injuries, 
significant in-hospital mortality risk, longer hospitalization, elevated hospital costs, and required post-
discharge care. These findings highlight the need for targeted clinical care and preventive strategies to 
mitigate the frequency and severity of TBIs in ATV-related trauma.
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Methods 

We conducted a non-concurrent cohort study using data from 
the PRTH, a state-designated Level I trauma center, from April 
2000 to October 2022. PRTH is the only major referral trauma 
hospital covering Puerto Rico and the rest of the Caribbean, mainly 
treating patients with moderate-to-severe trauma. Patient data were 
obtained from the Puerto Rico Trauma Registry, a hospital‑based 
registry that contributes data to the US National Trauma Data 
Bank. The registry personnel gathered data from the medical 
records and conducted quality assessments using the standardized 
protocol established by the American College of Surgeons (16).

Patient population
We evaluated hospitalizations meeting the following inclusion 

criteria: a) being admitted due to ATV crashes and b) having 
a known Glasgow Coma Scale (GCS) score. Patients lacking 
information on admission and discharge dates, in-hospital 
mortality, or GCS were excluded. Our study categorized patients 
into two groups based on the first recorded GCS score at hospital 
admission (1): a TBI group (GCS 3–12) and a non-TBI group 
(GCS 13–15). Despite variability in prehospital and ED GCS 
scores, admission GCS remains a widely accepted measure for 
assessing TBI severity in trauma research (17,18).

Variables
This study obtained data from three domains: sociodemographic 

characteristics, clinical profiles, and hospital course and 
outcomes. Sociodemographic parameters included sex, age, and 
health insurance status. The clinical profiles included alcohol 
consumption, blood alcohol concentration, ISS, and helmet use 
at the time of the collision. The ISS was analyzed as a discrete 
numerical variable and dichotomized at >15, the internationally 
accepted threshold for identifying major trauma (19-21). We also 
assessed the injured body regions and recorded vital signs upon 
admission [i.e., systolic blood pressure (SBP) and heart rate]. The 
hospital course and outcome domains included trauma intensive 
care unit (TICU) admission, need for assisted ventilation, days 
on mechanical ventilation (MV), hospital and TICU length of 
stay (LOS), in-hospital mortality, hospital costs, and discharge 
disposition. Discharge disposition was dichotomized into facility-
based care and community-based disposition. Patients who died 
while in hospital were excluded from this variable.

Statistical analysis
This study presented descriptive information using means, 

standard deviations (SDs), medians, interquartile ranges (IQRs), 
frequencies, and percentages, as appropriate. Comparisons between 
the groups (TBI and non-TBI) were performed using the Wilcoxon 
rank-sum test for continuous data and Pearson’s chi-square or 
Fisher’s exact tests for categorical variables. Bivariate analyses were 
also stratified by age category to determine if associations remain 
consistent across pediatric (< 21 years) and adult (≥ 21 years) 
populations. The long-term trends in the number and rate of ATV-
related admissions, as well as the TBI rate among these patients, were 
visualized using locally weighted scatterplot smoothing (LOWESS) 
regression curves and statistically tested using Spearman’s rank 
correlation.

We evaluated the magnitude of the association between TBI 
and study outcomes via univariable and multivariable regression 
analyses. Specifically, a binomial logistic regression was used for 
discharge disposition, while hospital costs were estimated using a 
generalized linear model with a gamma distribution and log-link 
function. Because in-hospital mortality was common in the TBI 
group, we used a Poisson regression with robust variance estimators 
to obtain accurate relative risk estimates. Finally, a zero-truncated 
negative binomial regression was employed to analyze hospital LOS. 
All models were adjusted for age, sex, and ISS. These covariates were 
selected a priori based on theoretical relevance established by the 
literature (22). No comparative analyses were performed between 
subjects with complete and incomplete records, as the proportion 
of missing data in key clinical variables was negligible (age: n=1, 
0.17%; ISS: n=2, 0.34%). In these cases, listwise deletion was 
employed for the respective multivariable models, as minimal data 
loss was unlikely to introduce selection bias.

To validate our TBI classification, we conducted a formal 
agreement analysis between the primary definition (GCS ≤ 12) 
and a stricter sensitivity definition (GCS ≤ 12 & head AIS ≥ 2), 
which incorporates anatomical criteria, using Cohen’s Kappa 
statistic. Additionally, sensitivity analyses were performed by 
refitting the four adjusted regression models using the stricter 
definition to ensure the consistency of the primary results. The 
threshold for statistical significance was p<0.05 for all analyses. 
The researcher used Stata 14 (StataCorp, College Station, Texas, 
USA) for the statistical analyses. The Institutional Review Board 
of the Medical Sciences Campus at the University of Puerto Rico 
approved this study (Protocol: 2502348276).

Results 

Among the 581 ATV-related admissions, 33.7% had TBI. The 
trend analysis found a moderate, significant negative correlation 
between calendar year and the number of ATV-related hospital 
admissions (Spearman’s rho: -0.43; p=0.04) and their rate 
(Spearman’s rho: -0.48; p=0.02), indicating a declining trend over 
time. Conversely, the TBI rate showed a weak, non-significant 
positive correlation (Spearman’s rho: 0.28; p=0.19) (Figure 1).

Overall, sociodemographic profiles were comparable between 
TBI and non-TBI patients, as both groups were predominantly 
male (81.6% vs. 79.2%; p=0.49), in their mid-twenties (median 
age 25 vs. 26; p=0.92), and had similar insurance profiles (public 
insurance: 50.5% vs. 41.5%; p=0.08). Helmet use and alcohol 
consumption had high rates of missing values (71.1% and 79.3%, 
respectively). Among the available data, helmet use was marginally 
lower in TBI patients (6.5% vs. 16%; p=0.07), whereas alcohol 
consumption did not differ significantly (88.9% vs. 93.9%; p=0.34) 
(Table 1). However, TBI patients had a higher SBP (133 mmHg 
vs. 124 mmHg; p<0.001) and pulse rate (106 bpm vs. 94 bpm; 
p<0.0001) than non-TBI patients. Also, TBI patients showed a 
lower proportion of severe abdominal (3.6% vs. 14.3%; p<0.001) 
and extremity injuries (12.8% vs. 24.9%; p<0.01). This group had 
a notably higher proportion of patients with an ISS >15 than non-
TBI patients (78.1% vs. 37.6%; p<0.001) (Table 1).

Regarding the hospital course, TBI patients more often required 
TICU admission (46.9% vs. 7.5%; p<0.001), and their LOS in it 



TBI Outcomes in ATV-Related Injuries

131PRHSJ Vol. 45│No. 3│September, 2026

Berríos-Toledo et al

was twice as long as that of non-TBI patients 
(16 vs. 8 days; p<0.01). They also needed 
MV 10 times more often (67.4% vs. 6.8%, 
p<0.001) but had a median duration of MV 
similar to that of their counterparts (9 vs. 10 
days; p=0.74). Compared with controls, TBI 
patients had a longer median LOS, with around 
six-day difference (13.5 vs. 8 days; p<0.0001). 
Furthermore, they had an in-hospital mortality 
rate of 21.9% (vs. 1.3%; p<0.001), and 8.2% 
were discharged to a care facility (vs. 2.1%; 
p<0.01) (Table 1). Stratified analyses by age 
group (<21 and ≥21 years) yielded consistent 
results with the overall bivariable findings 
(Supplementary Table 1).

Sensitivity and primary TBI definitions 
showed near-perfect agreement (Cohen’s 
κ: 0.992; 95% CI: 0.982-1.000; p<0.001), 
supporting the robustness of our classification 
(Supplementary Table 2). In unadjusted 
analyses, TBI patients had a 75% longer hospital 
LOS compared to non-TBI patients (IRR: 
1.75; 95% CI: 1.44-2.12), and this association 
remained significant but reduced to 57% after 
adjusting for sex, age, and ISS (AIRR: 1.57; 95% 
CI: 1.28-1.94) (Table 2). Regarding in-hospital 
mortality, patients with TBI had a significantly 
greater risk of death than non-TBI patients, 
with an unadjusted risk ratio of 16.89 (95% CI: 
6.79–42.00). This association remained strong 
after adjustment, with TBI patients showing an 
approximately 12‑fold higher risk (ARR: 11.71; 
95% CI: 4.41-31.08) (Table 3).

Moreover, TBI patients were over four times 
more likely to be discharged to a care facility 
than non-TBI patients (OR: 4.13; 95% CI: 
1.65-10.33), an association that remained after 
controlling for covariates (AOR: 4.01; 95% 
CI: 1.42-11.37) (Table 4). Regarding hospital 
costs, TBI patients had significantly higher 
adjusted predicted mean costs ($65,925; 95% 
CI: $37,853-$93,997) compared to non-TBI 
patients ($26,793; 95% CI: $18,369-$35,217), 
representing a significant mean difference of 
$39,132 (95% CI: $9,771-$68,493; p=0.009) 
(Table 5). Sensitivity analyses using a more 
stringent TBI definition (GCS ≤12 and Head 
AIS ≥2) yielded estimates consistent with 
the primary analyses across all outcomes 
(Supplementary Table 3).

Discussion 

TBI is common among ATV‑related injuries, 
yet hospital admission patterns and outcomes in 
trauma settings remain understudied. Therefore, 
this study examined the TBI rate, yearly trends, 

Figure 1. A) Number of ATV-related admissions, B) Rate of ATV-related admissions, C) Rate 
of TBI among ATV-related injuries. Yearly trends in the number of ATV-related admissions, 
the rate of ATV-related admissions, and the rate of TBI at the Puerto Rico Trauma Hospital 
from 2000 to 2022. Circles represent observed annual data. The trend is represented 
by Locally Weighted Scatterplot Smoothing (LOWESS) regression curves. 
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and associated hospital outcomes among 
ATV-related admissions. In our cohort, TBI 
occurred in about one-third of cases, and 
while ATV-related hospitalizations declined 
over time, the TBI rate showed a weak, 
non-significant upward trend. As expected, 
TBI patients had higher mortality, longer 
hospitalizations, greater post‑acute care 
needs, and increased hospital costs.

Our findings align with studies reporting 
that one‑third of ATV‑injured patients 
sustain TBI (5,7,11,23) .  Although previous 
studies reported increased TBI-related 
ED visits (24,25), our analysis found 
a non-significant rise in ATV-related 
TBI rate over time. This may reflect our 
narrower scope, excluding TBIs from 
MVCs, falls, or other recreational activities 
(1,8,24-26). Our results support reports 
of declining ATV-related hospitalizations 
(13,27), although others found higher 
ED admission rates between 2000 and 
2015 (9,10,28). These discrepancies may 
arise from our inclusion of moderate-to-
severe cases, unlike previous research that 
included non‑severe patients (10,28). A 
California study reported a significant rise 
in ATV-related hospitalizations after initial 
enforcement of restrictive legislation (9). 
Although our study period spans Puerto 
Rico’s 2007 ATV regulation, which defined 
ATVs and restricted road use (14,29), we 
did not evaluate legislative effects. This 
context is provided for background only, 
as unmeasured factors, such as enforcement 
variability, access to safe riding areas, and 
ATV cost, may also influence these trends.

We corroborated that TBI patients were 
predominantly male (1), in their mid-20s, 
and commonly covered by public health 
insurance (5,9,23). Unlike studies from the 
US and the United Kingdom identifying 
more common lower-extremity injuries in 
TBI patients (10,27,30), we found chest 
injuries were the most frequent, consistent 
with a study on MVCs, including ATV 
crashes (22). Regarding injury severity, 
our cohort had a median ISS of 16 for 
ATV-related admissions, regardless of TBI 
diagnosis, and 22 among TBI patients, both 
values exceeding those previously reported 
in studies of MVCs and ATV-related 
injuries (5-8,11,23). This higher ISS likely 
reflects our institution’s case mix, which 
predominantly receives moderate-to-severe 
injuries. Additionally, earlier investigations 
included factors such as helmet use and 

Table 1. Sociodemographic and clinical profile of patients admitted to the Puerto Rico Trauma 
Hospital following all-terrain vehicle crashes according to traumatic brain injury status.

Characteristic	 Total (N=581)	 TBI (n=196)	 Non-TBI (n=385)	 p-value
	 n (%)	 n (%)	 n (%)	

Sociodemographic 
data
Sex
   Male	 465 (80.0)	 160 (81.6)	 305 (79.2)	 0.49
Age, years	 (n=580)		  (n=384)
   Mean ± SD	 28.2 ± 12.5	 27.9 ± 11.4	 28.4 ± 13.1	 –
   Median (IQR)	 26 (12)	 25 (10.5)	 26 (13)	 0.92
Health insurance 
status	 (n=552)	 (n=186)	 (n=366)	 0.08
   Private	 228 (41.3)	 72 (38.7)	 156 (42.6)
   Public	 246 (44.6)	 94 (50.5)	 152 (41.5)
   Uninsured	 78 (14.1)	 20 (10.8)	 58 (15.9)	
Helmet use	 (n=168)	 (n=62)	 (n=106)	 0.07
   Yes	 21 (12.5)	 4 (6.5)	 17 (16.0)	
Alcohol use	 (n=120)	 (n=54)	 (n=66)	 0.34†
   Yes	 110 (91.7)	 48 (88.9)	 62 (93.9)	
Blood alcohol 
concentration	 (n=110)	 (n=48)	 (n=62)
   Median (IQR)	 10 (24)	 13 (53)	 10 (3)	 <0.001
   ≥ 80 mg/dL	 16 (14.6)	 10 (20.8)	 6 (9.7)	 0.10
Systolic blood 
pressure	 (n=578)	 (n=195)	 (n=383)
   Median (IQR)	 127 (28)	 133 (29)	 124 (26)	 <0.001
   < 90 mmHg	 24 (4.2)	 10 (5.1)	 14 (3.7)	 0.40
Pulse	 (n=577)	 (n=195)	 (n=382)
   Median (IQR)	 97 (31)	 106 (43)	 94 (26)	 <0.0001
   > 120 bpm	 93 (16.1)	 60 (30.8)	 33 (8.6)	 <0.001
Body region injured
   Major head & neck	 235 (40.5)	 156 (79.6)	 79 (20.5)	 <0.001
   Major chest	 228 (39.2)	 86 (43.9)	 142 (36.9)	 0.10
   Major abdomen	 62 (10.7)	 7 (3.6)	 55 (14.3)	 <0.001
   Major extremity	 121 (20.8)	 25 (12.8)	 96 (24.9)	 <0.01
Injury severity score	 (n=579)		  (n=383)
   Mean ± SD	 16.4 ± 9.7	 22.1 ± 9.6	 13.5 ± 8.3	 –
   Median (IQR)	 16 (13)	 22 (11)	 12 (9)	 <0.0001
   > 15	 297 (51.3)	 153 (78.1)	 144 (37.6)	 <0.001

Hospital course and 
   outcome data
Admission to TICU
   Yes	 121 (20.8)	 92 (46.9)	 29 (7.5)	 <0.001
TICU LOS, days	 (n=121)	 (n=92)	 (n=29)	 <0.01
   Median (IQR)	 13 (18)	 16 (18.5)	 8 (9)	
MV required				    <0.001
   Yes	 158 (27.2)	 132 (67.4)	 26 (6.8)	
MV, days	 (n=158)	 (n=132)	 (n=26)	 0.74
   Median (IQR)	 10 (15)	 9 (15.5)	 10 (16)	
Hospital LOS, days				    <0.0001
   Median (IQR)	 9 (16)	 13.5 (28.5)	 8 (10)	
In-hospital mortality				    <0.001
   Dead	 48 (8.3)	 43 (21.9)	 5 (1.3)	
Hospital costs, USD	 (n=512)	 (n=173)	 (n=339)
   Mean ± SD	 38,821 ± 109,677	 62,931 ± 97,094	 26,517 ± 113,750	 –
   Median (IQR)	 14,899 (32,119)	 32,861 (76,184)	 11,651 (21,233)	 <0.0001
Discharge disposition	 (n=527)	 (n=147)	 (n=380)	 <0.01
   Care facility	 20 (3.8)	 12 (8.2)	 8 (2.1)
   Community	 507 (96.2)	 135 (91.8)	 372 (97.9)	

TBI: traumatic brain injury; SD: standard deviation; IQR: interquartile range; TICU: trauma intensive care unit; LOS: 
length of stay; MV: mechanical ventilation; USD: United States Dollar; †: Fisher’s exact test.
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ATV size when comparing ISS between groups 
(5-8,11,23), variables that were excluded from 
our analysis due to high missingness (71.1% 
for helmet use).

Among ATV collisions, we observed a 22% 
mortality rate in TBI patients, consistent with 
a prior PRTH study (20%) (5), though that 
study did not distinguish TBI from non-TBI. 
Nevertheless, this rate surpasses those reported 
in California (2.2%) (11) and Qatar (2%) (6) 
for trauma patients with ATV-related injuries, 
regardless of TBI status. We also found a 12-fold 
higher risk of mortality in TBI patients, aligning 
with studies showing over a 10-fold increased 
risk of death in pediatric motorcycle riders 
with TBI (4). The greater need for intensive 
care among TBI patients likely reflects their 
higher injury severity, which is associated 
with an increased mortality rate (6,11). Eight 
percent of TBI patients were sent to a care 
facility, representing 4-fold higher odds of 
transfer than non-TBI patients. This is similar 
to the 8.9% transfer rate in California ATV 
crashes, regardless of TBI (9), but double 
that of other US reports (4,31). Unlike prior 
studies restricted to pediatric subgroups, such 
as pediatric motorcycle riders (4) or ATV 
crash victims (31), using bivariate analyses, 
our adjusted models included trauma patients 
across all ages.

Our findings showed that TBI patients had 
a 57% longer hospital LOS, consistent with 
studies linking prolonged stays to factors such 
as lack of helmet use (11), older-aged patients 
involved in ATV crashes (30), and non-
traffic‑related TBIs (4). Aligning with previous 
reports of elevated ATV‑related hospitalization 
costs in both children (4,7,32) and adults 
(33), TBI patients in our cohort also incurred 
significantly higher costs, even after adjustment. 
These increased resource demands likely reflect 
the greater clinical complexity of TBI cases. 
Notably, our reported costs (adjusted mean: 
$65,925) were similar to those of mainland 
US studies (up to $67,370) (32,33), although 
direct cost comparisons should be interpreted 
cautiously, given the distinct healthcare 
financing and delivery structures in Puerto Rico 
relative to the US mainland (34).

This study might inform healthcare 
professionals about the effects of ATV-related 
TBI on patients’ hospital stays and outcomes. 
We acknowledge the complexity of TBI 
definitions across studies, with some using 
diverse diagnostic codes (4), a single indicator 
(1,18), or multiple indicators (15,35) to 
define TBI. We used a single indicator, the 

Table 2. Association between traumatic brain injury and hospital length of stay of patients 
admitted to the Puerto Rico Trauma Hospital following all-terrain vehicle crashes.

Predictor	 Unadjusted IRR	 p-value	 Adjusted IRR	 p-value
	 (95% CI)		  (95% CI)	

	 (n=581)		  (n=578)
TBI status		  <0.001		  <0.001
   No	 Reference		  Reference
   Yes	 1.75 (1.44 – 2.12)		  1.57 (1.28 – 1.94)

Sex	 –			   0.40
   Male			   Reference
   Female			   1.01 (0.88 – 1.37)	

Age (years)	 –		  1.01 (1.01 – 1.02)	 <0.001

ISS	 –		  1.01 (1.00 – 1.02)	 0.03

IRR: incidence rate ratio; CI: confidence interval; TBI: traumatic brain injury; ISS: injury severity score.

Table 3. Association between traumatic brain injury and in-hospital mortality of patients 
admitted to the Puerto Rico Trauma Hospital following all-terrain vehicle crashes.

Predictor	 Unadjusted RR	 p-value	 Adjusted RR	 p-value
	 (95% CI)		  (95% CI)

	 (n=581)		  (n=578)
TBI status		  <0.001		  <0.001
   No	 Reference		  Reference
   Yes	 16.89 (6.79 – 42.00)		  11.71 (4.41 – 31.08)	

Sex	 –			   0.76
   Male			   Reference
   Female			   0.90 (0.45 – 1.78)	

Age (years)	 –		  1.02 (0.99 – 1.04)	 0.16

ISS	 –		  1.04 (1.02 – 1.06)	 <0.001

RR: risk ratio; CI: confidence interval; TBI: traumatic brain injury; ISS: injury severity score.

Table 4. Association between traumatic brain injury and discharge disposition (care 
facility vs. community) of patients admitted to the Puerto Rico Trauma Hospital following 
all-terrain vehicle crashes.

Predictor	 Unadjusted OR	 p-value	 Adjusted OR	 p-value
	 (95% CI)		  (95% CI)	

	 (n=527)		  (n=524)
TBI status		  0.002		  0.009
   No	 Reference		  Reference
   Yes	 4.13 (1.65 – 10.33)		  4.01 (1.42 – 11.37)	

Sex				    0.02
   Male			   Reference
   Female			   3.35 (1.27 – 8.82)	

Age (years)	 –		  1.05 (1.02 – 1.08)	 0.001

ISS	 –		  1.02 (0.97 – 1.07)	 0.43

OR: odds ratio; CI: confidence interval; TBI: traumatic brain injury; ISS: injury severity score. Care facility disposition 
includes patients requiring institutionalized clinical support: Acute Care Facilities, Skilled Nursing Facilities, 
Inpatient Rehabilitation Facilities, and Long-term Care/Nursing Homes. Community disposition (reference 
category) includes patients returning to the community: Home/Self-care (with or without home health services), 
Psychiatric/Mental Health units, and those leaving against medical advice. Patients who died while in hospital 
were excluded from this analysis.
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admission GCS, to determine the comparison groups. Beyond 
clinical outcomes, our results show a higher likelihood of transfer 
to a care facility, reflecting the severity of TBI-related functional 
impairment and the ongoing care needs of these patients, rather 
than acute care quality. Although annual ATV-related TBI cases are 
relatively low, our findings suggest that their severity and resource 
demands place a significant burden on healthcare systems. Even 
though studies have linked helmet non‑use to higher TBI rates 
(10,11) and intoxication to increased mortality and critical care 
needs (23), we could not evaluate these associations because this 
information was largely unavailable.

Despite declining ATV hospitalizations, the persistence of 
severe TBI cases underscores the need for stricter and standardized 
legislation. Puerto Rico’s 2025 legislative amendments reinforced 
prohibitions on roadway use and dangerous maneuvers (14,36), 
yet stopped short of mandating protective gear or designating 
formal off‑road riding areas, leaving important regulatory gaps. 
In the US, inconsistencies regarding age restrictions, road 
usage, protective gear, and training courses, coupled with poor 
enforcement, have been linked to increased injuries and poorer 
outcomes (7,15). For instance, the predominance of young adult 
males sustaining severe injuries in our cohort underscores the need 
for mandatory helmet legislation, minimum age requirements, 
standardized safety training, and liability insurance requirements, 
which should be prioritized (12,13,15). These are particularly 
relevant in jurisdictions like Puerto Rico, where regulations 
remain incomplete and should be accompanied by community and 
cultural education efforts to promote sustained behavior change.

Our investigation has several limitations that should be 
acknowledged. First, our retrospective design and reliance on 
registry data may introduce information and measurement biases, 
potentially affecting the results. Second, helmet use and alcohol 
consumption had substantial missingness, limiting the reliability of 
interpretation. Third, although we extended the study period to 23 
years to improve internal validity, this timeframe could introduce 

variability due to changes in clinical care and 
documentation practices. Fourth, due to small 
subgroup sizes, we could not analyze outcomes 
by TBI severity (moderate vs. severe). Fifth, 
our trend analyses focus only on patients 
who arrived at the trauma center; therefore, 
prehospital case‑fatality and individuals who 
were not admitted to PRTH are not captured. 
Lastly, generalizability may be limited by 
the characteristics of our institution, which 
primarily treats moderate-to-severe injuries 
(high ISS), whereas those with mild injuries 
(low ISS) may receive treatment at another 
facility. Notwithstanding these limitations, 
our study’s strengths include multivariable 
analyses assessing the independent association 
between TBI and hospital outcomes, as well 
as the examination of trends in ATV‑related 
admissions in a Caribbean population with 
distinct regulatory and healthcare contexts.

Over the past 23 years, ATV-related 
hospitalizations have decreased, whereas the 

rate of TBI among ATV users has remained unchanged. Our 
findings confirm that, compared to non-TBI patients, those with 
TBI experience higher in-hospital mortality, longer hospital 
stays, greater hospital costs, and more frequent discharge to care 
facilities. These results reinforce the need for targeted prevention 
and improved clinical management of ATV-related TBI, 
particularly in Caribbean populations. Further research should 
examine neurological care, polytrauma effects, financial burdens, 
and severity-stratified outcomes of ATV-related TBIs, including 
rehabilitation and long-term care.
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Resumen 

Objetivo: El uso creciente de vehículos todoterreno (ATV) ha 
incrementado las lesiones traumáticas, en particular las lesiones 
cerebrales traumáticas (TBI). Este estudio examinó la tasa de TBI 
y su asociación con desenlaces hospitalarios en pacientes admitidos 
tras colisiones con ATV en el Hospital de Trauma de Puerto 
Rico (PRTH).  Métodos: Estudio de cohorte no concurrente, 
aprobado por el IRB, de admisiones por ATV en el PRTH (2000-
2022). Los pacientes se clasificaron según la Escala de Coma de 
Glasgow (GCS) de ingreso en grupos TBI (GCS 3-12) y No-TBI 
(GCS 13-15). Se evaluaron características sociodemográficas, 
perfiles de lesión y desenlaces hospitalarios mediante pruebas de 

Table 5. Association between traumatic brain injury and hospital costs of patients admitted 
to the Puerto Rico Trauma Hospital following all-terrain vehicle crashes.

Predictor	 Coefficient	 p-value	 Predicted Mean Cost (USD)
	 (95% CI)		  (95% CI)*

	 (n=509)
TBI status
   No	 Reference	 0.001	 $26,793 ($18,369 – $35,217)
   Yes	 0.90 (0.37 – 1.43)		  $65,925 ($37,853 – $93,997)

Sex
   Male	 Reference	 0.007	 $32,487 ($23,690 – $41,285)
   Female	 0.80 (0.22 – 1.38)		  $72,565 ($32,634 – $112,496)

Age (years)
   At Mean Age (28 years)	 0.02 (-0.002 – 0.04)	 0.08	 $39,592 ($28,542 – $50,642)

ISS
   At Mean ISS (16 points)	 0.01 (-0.01 – 0.04)	 0.38	 $39,172 ($28,592 – $49,752)

CI: confidence interval; USD: United States Dollar; TBI: traumatic brain injury; ISS: injury severity 
score. *Adjusted predicted means represent the marginal effects of each variable while holding 
all other covariates (sex, age, and ISS) at their mean values.
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chi-cuadrado, Wilcoxon y modelos de regresión. Resultados: De 
581 pacientes, el 80% eran hombres, con una mediana de 25 años. 
La tasa de TBI fue del 33.7%. Aunque las admisiones por ATV 
disminuyeron significativamente, la proporción de TBI mostró una 
tendencia débil y no significativa. Los pacientes con TBI admitidos 
por ATV presentaron mayor riesgo de mortalidad intrahospitalaria 
(ARR: 11.71; CI-95%: 4.41-31.08), estancias prolongadas (AIRR: 
1.57; CI-95%: 1.28-1.94) y más admisiones en centros de cuidado 
posalta (AOR: 4.01; CI-95%: 1.42-11.37). Además, los costos 
hospitalarios fueron significativamente mayores en los pacientes 
con TBI ($65,925 vs. $26,793; p=0.009). Conclusión: Las 
admisiones por ATV se asocian con TBI y lesiones severas, mayor 
riesgo de mortalidad, estancias hospitalarias prolongadas, costos 
elevados y mayor necesidad de cuidados posalta. Estos hallazgos 
resaltan la necesidad de estrategias preventivas y de manejo clínico 
dirigido para mitigar la gravedad del TBI en lesiones por ATV.
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Supplementary Table 1. Sociodemographic and clinical profile of patients admitted to the Puerto Rico Trauma Hospital following all-terrain 
vehicle crashes according to traumatic brain injury status and stratified by age group

Characteristic	                               < 21 years	 	                                ≥ 21 years	

	 TBI (n=38)	 Non-TBI (n=103)	 p-value	 TBI (n=158)	 Non-TBI (n=282)	 p-value	
	 n (%)	 n (%)		  n (%)	 n (%)	

Sociodemographic data

Sex			   0.90			   0.48
   Male	 28 (73.7)	 77 (74.8)		  132 (83.5)	 228 (80.9)	

Health insurance status	 (n=35)	 (n=95)	 0.78	 (n=151)	 (n=271)	 0.04
   Private	 14 (40.0)	 34 (35.8)		  58 (38.4)	 122 (45.0)
   Public	 18 (51.4)	 49 (51.6)		  76 (50.3)	 103 (38.0)
   Uninsured	 3 (8.6)	 12 (12.6)		  17 (11.3)	 46 (17.0)	

Helmet use	 (n=13)	 (n=30)	 0.65†	 (n=49)	 (n=76)	 0.10
   Yes	 1 (7.7)	 5 (16.7)		  3 (6.1)	 12 (15.8)	

Systolic blood pressure	 (n=37)	 (n=102)			   (n=281)
   Median (IQR)	 133 (34)	 120.5 (23)	 0.005	 133 (29)	 125 (26)	 <0.001
   < 90 mmHg	 0 (0)	 5 (4.9)	 0.33†	 10 (6.3)	 9 (3.2)	 0.12

Pulse	 (n=37)	 (n=102)			   (n=280)
   Median (IQR)	 118 (41)	 98.5 (28)	 <0.001	 104 (45)	 93 (26)	 <0.001
   > 120 bpm	 17 (46.0)	 10 (9.8)	 <0.001	 43 (27.2)	 23 (8.2)	 <0.001

Body region injured
   Major head & neck	 33 (86.8)	 28 (27.2)	 <0.001	 123 (77.9)	 51 (18.1)	 <0.001
   Major chest	 13 (34.2)	 34 (33.0)	 0.89	 73 (46.2)	 108 (38.3)	 0.11
   Major abdomen	 2 (5.3)	 21 (20.4)	 0.03	 5 (3.2)	 34 (12.1)	 0.002
   Major extremity	 5 (13.2)	 32 (31.1)	 0.03	 20 (12.7)	 64 (22.7)	 0.01

			   0.01
Injury severity score		  (n=102)			   (n=281)
   Median (IQR)	 25 (6)	 13 (13)	 <0.001	 22 (11)	 10 (8)	 <0.001
   > 15	 34 (89.5)	 47 (46.1)	 <0.001	 119 (75.3)	 97 (34.5)	 <0.001

Hospital course and Outcome data

Admission to TICU			   <0.001
   Yes	 14 (36.8)	 8 (7.8)		  78 (49.4)	 21 (7.5)	 <0.001

TICU LOS, days	 (n=14)	 (n=8)	 0.08	 (n=78)	 (n=21)	 0.06
   Median (IQR)	 10 (18)	 7 (7)		  16.5 (19)	 9 (21)	

MV required			   <0.001
   Yes	 23 (60.5)	 8 (7.8)		  109 (69.0)	 18 (6.4)	 <0.001

MV, days	 (n=23)	 (n=8)	 0.75	 (n=109)	 (n=18)	 0.31
   Median (IQR)	 7 (15)	 7 (8)		  10 (15)	 13 (22)	

Hospital LOS, days			   0.41			   <0.001
   Median (IQR)	 9.5 (26)	 6 (9)		  16.5 (29)	 8 (10)	

In-hospital mortality			   <0.001			   <0.001
   Dead	 8 (21.1)	 1 (1.0)		  35 (22.2)	 4 (1.4)	

Hospital costs, USD	 (n=32)	 (n=88)	 0.009	 (n=141)	 (n=251)	 <0.001
   Median (IQR)	 21,192 	 10,074		  35,088	 12,010
	 (65,792)	 (18,976)		  (73,800)	 (21,683)	

Discharge disposition	 (n=25)	 (n=102)	 0.49†	 (n=122)	 (n=278)	 0.002
   Care facility	 1 (4.0)	 2 (2.0)		  11 (9.0)	 6 (2.2)
   Community	 24 (96.0)	 100 (98.0)		  111 (91.0)	 272 (97.8)	

TBI: traumatic brain injury; IQR: interquartile range; TICU: trauma intensive care unit; LOS: length of stay; MV: mechanical ventilation; USD: United States Dollar; †: Fisher’s exact test.
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Supplementary Table 2. Concordance analysis between primary and sensitivity traumatic 
brain injury definitions. (N=581)

	 Sensitivity TBI definition	 Sensitivity Non-TBI definition	 Total n (%)
	 (GCS ≤ 12 & Head AIS ≥ 2)	 (GCS > 12 & Head AIS < 2)	

Primary TBI definition	 194	 2	 196 (33.7)
(GCS ≤ 12)
			 
Primary Non-TBI definition	 0	 385	 385 (66.3)
(GCS > 12)
			 
Total n (%)	 194 (33.4)	 387 (66.6)	 581 (100)

TBI: traumatic brain injury; GCS: Glasgow coma scale; AIS: abbreviated injury scale. Cohen’s kappa coefficient 
(к) = 0.992 (95% CI: 0.982 – 1.000); p<0.001).

Supplementary Table 3. Sensitivity analysis of traumatic brain injury definition on outcomes of patients admitted to the Puerto Rico Trauma 
Hospital following all-terrain vehicle crashes.

Outcome	 Statistical	 Estimate	 Primary definition	 p-value	 Sensitivity analysis	 p-value
	 model	 type	 (GCS ≤ 12)	 	  (GCS ≤ 12 & Head AIS ≥ 2)	

Hospital LOS	 Negative	 Adjusted IRR	 (n=578)	 <0.001	 (n=578)	 <0.001
	 binomial	 (95% CI)	 1.57 (1.28 – 1.94)		  1.60 (1.30 – 1.97)
	 regression	

In-hospital mortality	 Poisson	 Adjusted RR	 (n=578)	 <0.001	 (n=578)	 <0.001
	 regression	 (95% CI)	 11.71 (4.41 – 31.08)		  11.89 (4.47 – 31.66)	

Discharge disposition†	 Logistic	 Adjusted OR	 (n=524)	 0.009	 (n=524)	 0.008
	 regression	 (95% CI)	 4.01 (1.42 – 11.37)		  4.19 (1.46 – 12.01)	

Hospital costs	 GLM	 Adjusted β	 (n=509)	 0.001	 (n=509)	 0.001
	 (Gamma/Log)	 (95% CI)	 0.90 (0.37 – 1.43)		  0.92 (0.39 – 1.45)	

GCS: Glasgow coma scale; AIS: abbreviated injury scale; LOS: length of stay; GLM: generalized linear model; IRR: incidence rate ratio; RR: risk ratio; OR: odds ratio; CI: confidence 
interval. Non-traumatic brain injury was used as the reference category for all models. All models were adjusted for age, sex, and injury severity score. †Compares care facility 
discharge vs. community disposition.


