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Abstract

Objective: The effects of named weather storms on the rates of penetrating trauma is poorly
understood with only case reports of single events currently guiding public health policy. This
study examines whether tropical storms and hurricanes contribute to trauma services and
volume.

Methods: This was a cross-sectional review of tropical storms/hurricanes affecting New
Orleans, Louisiana, during hurricane seasons (June 1-November 30) from 2010-2021, and
their association with the rate of penetrating trauma. Authors sought to determine how
penetrating trauma rates changed during hurricane seasons and associate them with
demographic variables.

Results: There were 5531 penetrating injuries, with 412 (7.4%) occurring during landfall and
554 (10.0%) in the aftermath. Black/African Americans were the most affected. There was an
increase in the rate of penetrating events during landfall (3.4 events/day) and aftermath (3.5
events/day) compared to the baseline (2.8 events/day) (P=<0.001). Using multivariate
analysis, wind speed was positively related to firearm injury, whereas the rainfall total was
inversely related to firearm violence rates during landfall and aftermath periods. Self-harm was
positively related to distance from the trauma center.

Conclusions: Cities at risk for named weather storms may face increasing gun violence in the
landfall and aftermath periods. Black/African Americans are most affected, worsening existing
disparities. Self-harm may also increase following these weather events.

A significant amount of research and time has been devoted to determining the economic costs
of extreme weather events, with the annual cost of hurricanes in 2021 alone totaling US $145
billion.! However, little is known regarding the effects of extreme weather on trauma services
and volume. Prior studies have shown that higher temperatures lead to increased rates of
emergency room visits and are associated with increased trauma volume.?~> However, whether
tropical storms and hurricanes contribute to trauma volume remains unclear with various
studies showing differing results.”~

Penetrating trauma, which is an injury during which the skin and its underlying tissues are
violated by a sharp/piercing object, is rising significantly throughout the United States. Firearms,
one example of an object that can cause penetrating trauma, are being used in a greater
percentage of homicides and injuries. In 2021, the Centers for Disease Control and Prevention
reported that 80% of homicides and 55% of suicides were committed with a firearm.® In addition
to individual firearm events, mass shooting events are also significantly on the rise with an
exponential increase from 269 reported events in 2014 to 611 in 2020 and to 649 in 2022.
Overall, trauma centers across the nation are experiencing greater rates of penetrating trauma
than ever.® There is a host of research looking into ways to curb these tragic events.

Penetrating trauma in the United States disproportionately affects Black/African
Americans.’ Furthermore, recovery from catastrophic storms also is fraught with differences
depending on one’s local government and community. How these two public health problems
intersect during and after major storms is not fully understood. What is not known is the impact
of extreme weather, particularly hurricanes or tropical storms, on violent, penetrating trauma.
Previous research demonstrated that the overall rate of gun violence transiently rose after
Hurricane Katrina.!'>!! With a number of climate scientists, including the National Aeronautics
and Space Administration, predicting a greater number of Categories 4 and 5 storms, there is a
need to understand the impact of these storms on rates of violent penetrating trauma.'? This
study aimed to better elucidate the relationship between named tropical storms and hurricanes
and their impact on the incidence of penetrating trauma in a metropolitan city that is under
constant threat of major storms. Study authors hypothesized that named hurricanes and tropical
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storms would impact the rates of penetrating trauma, specifically
injuries from firearms, knives, and other sharp objects, in New
Orleans, Louisiana, during the study period.

Methods

This was a cross-sectional, retrospective, study that reviewed data
from all penetrating trauma patients who presented to the only
level 1 trauma center in southeastern Louisiana during the Atlantic
hurricane season per the National Weather Service (June 1 to
November 30) between the years 2010 and 2021." June 1 to
November 30 was selected as this is the defined period of a
hurricane season per the National Weather Service.! As the trauma
registry is devoid of identifiers, it was exempt from institutional
review board approval. The trauma registry (a database of all
trauma admissions) at University Medical Center, the facility at
which data were collected, is maintained by the hospital registrar
who uses International Classification of Diseases (ICD) codes and
search terms to update the trauma presentations and admissions.

Named tropical storms and hurricanes that resulted in rain and/
or wind damage in the New Orleans, Louisiana, metropolitan area
during this study period were identified through the National
Weather Service. Wind speeds and rainfall totals were obtained
from the National Weather Service. Landfall was defined as 2 days
prior through 7 days after the eye of the storm made landfall. The
storm recovery period was defined as the 2-week period following
landfall. The remainder of the Atlantic hurricane season between
June 1 and November 30 was used as the control.

The primary outcome was the rate of penetrating violence (any
trauma activation that resulted in violation of the skin with a
firearm or sharp object, such as a knife, spear, and stick) during
these time periods. Secondary outcomes included the specific rates
of firearm violence, knife violence, and self-harm with a
penetrating object. To examine the relationship between firearm
violence specifically and the various factors related to tropical
storms and hurricanes, linear regression was performed. Using the
Shapiro-Wilk test, the normality of residuals was confirmed. The
correlation between predictor variables was evaluated. The overall
fit of the linear regression model was calculated with an R?
(coefficient of determination) and the statistical significance was
interpreted by using a 2-sided test with a level of P < 0.05. In these
analyses, firearm violence was treated as a dependent variable. The
model covariates considered were distance from the trauma center,
wind speed, and rainfall total. Distance as determined by zip code
was analyzed. Statistical analysis was completed using R Studio
(using programming language R).

Results

There were 5531 penetrating injuries, as identified by their ICD
codes, seen at the trauma center (University Medical Center, New
Orleans, Louisiana) from June 1 to November 30 during the years
from 2010-2021. Thirteen named storms impacting the New
Orleans metropolitan area were identified during the study period.
There were no mandatory evacuations for the city of New Orleans
during any of the named storms that would have impacted
population levels significantly. The overwhelming number of
patients were male (84.8% control, 88.1% landfall, 84.6%
aftermath, P=0.23) and identified as African American/Black
(77.4% control, 76.4% landfall, 78.7% aftermath, P =0.92). There
was no difference in the average age between any of the groups
(P=0.99) (Table 1).
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Table 1. Demographics

Age (years) 32.73 32.38 32.48 0.99
Female, % 15.23 16.46 11.92 0.23
Black, % 174 76.4 78.7 0.92
Mean ISS 10.8 10.2 111 0.44

ISS = injury severity score, ranges 0-75 with more severe injuries represented as higher
numbers.

There were 412 injuries (7.4%) that occurred during landfall
and 554 (10.0%) occurred in the aftermath period (Table 2). There
was an increase in the rate of penetrating trauma events in the
landfall (3.4 + 2.4 events/day) and aftermath groups (3.5 + 2.4
events/day) compared to other days (2.8 + 1.8 events/day) during
the hurricane season (P=<0.001) (see Table 2). There was a
significant increase in knife-related incidents in the landfall (0.28 +
0.53 events/day) and aftermath groups (0.36 + 0.59 events/day)
when compared to the control (0.14 + 0.39 events/day) group
(P < 0.001). Frequency of firearm-related injuries increased in the
landfall and aftermath groups compared to baseline (2.27 + 1.92 vs
2.22 +1.78 vs 1.62 + 1.50 incidents/day, P < 0.001). Frequency of
penetrating self-harm injuries also increased in the aftermath
group (0.14 * 0.38 events/day) compared to baseline (0.07 + 0.27
events/day; P =0.004) but was not different in the landfall group
when comparing to baseline hurricane season (0.09 + 0.33 events/
day; P=0.22).

Firearm Injury

Variables associated with firearm injury during landfall and
aftermath periods were examined by linear regression and are
detailed in Table 3. Associated factors included wind speed
(B=5.10,0R 164, 95% CI: 4.18 t0 6.02, P < 0.001) and rainfall total
(p=-4.70, OR 0.01, 95% CI: -8.92 to -0.48, P = 0.04) (see Table 3).
The final model had an R? of 0.92.

Self-Harm

When examining self-harm using multivariate analysis, increasing
distance from storm landfall (§ = 0.96, OR 2.61, 95% CI: -2.55 to -
0.35, P < 0.01) was significant in predicting penetrating self-harm
rates during landfall and aftermath periods (Table 4). Wind speed
(p=0.29, OR 1.34, 95% CI: -0.15 to 0.73, P=0.22) and rainfall
total (p = -0.14, OR 0.87, 95% CI: -0.01 to 0.01, P = 0.58) were not
associated with self-harm during landfall and aftermath periods
(see Table 4). The final model had an R? of 0.62.

Discussion

With extreme weather, including tropical storms and hurricanes,
on the rise in intensity and severity throughout a significant
portion of the Gulf South, there is a need to understand how
tropical storms and hurricanes may impact frequency and
presentation of penetrating trauma to hospitals in cities at risk
for major storms. In this novel study, investigators sought to
examine the impact of tropical storms and hurricanes on the
presentation of penetrating trauma to our facility. Study authors
found that there was an increase in the rate of penetrating trauma
during the landfall and aftermath periods, including self-harm
during the aftermath period.
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Table 2. Penetrating violence

w

Injuries (% of total) 4565 (82.6%) 412 (7.4%)

554 (10.0%)

Events per day 28+18 3424 35+24 < 0.001 < 0.001
(mean + SD)
Knife-related events per day 0.14 + 0.39 0.28 + 0.53 0.36 + 0.59 < 0.01 < 0.001
(mean + SD)
Firearm-related events per day 1.62 £ 1.5 2.27 + 1.92 222 +1.78 < 0.001 < 0.001
(mean + SD)
Self-harm related incidents per day 0.07 +0.27 0.09 + 0.33 0.14 + 0.38 0.22 < 0.001
(mean + SD)

Total 5531 penetrating events analyzed.

Table 3. Factors independently associated with firearm injury

Wind speed 5.10 164

4.18 6.02 <0.001

Rainfall total —4.70 0.01

—8.92 —0.48 0.04

Excluding self-harm.
Mean-centered linear regression analysis was applied using best subsets regression.
R2=0.92.

Table 4. Factors independently associated with self-harm

Rainfall total —0.14 0.87 —0.01 0.01 0.58
Distance 0.96 261 0.48 1.44 <0.01
Wind speed 0.29 1.34 —-0.15 0.73 0.22

Mean-centered linear regression analysis was applied using best subsets regression.
R?=0.62.
Distance as measure from University Medical Center, New Orleans, Louisiana.

Data as presented above show that the overall number of
patients presenting to this urban, level 1, academic trauma center
in New Orleans, Louisiana, on a daily basis for penetrating trauma
increases during both the initial time of landfall and the aftermath
periods. This increase held true across both gun and knife-related
traumas. Interestingly, data showed that firearm injuries are
associated with wind speeds, suggesting that more severe storms
are associated with greater gun violence. First, wind speed is a
challenging datapoint to accurately estimate as it is dependent on
sustained wind speeds. While maximum wind speeds were
obtainable through online services such as the National Weather
Service from the local airport, they were variable across the city of
New Orleans throughout the neighborhoods. Why higher
maximum wind speeds lead to increased firearm violence could
not be determined from this study but may be related to the more
desperate social conditions that exist in a city after being hit by a
major storm. Unstable housing, lack of transportation, and food
insecurity are common after major storms in New Orleans and
likely play a role in firearm violence.!*!* This finding is likely
multifactorial and needs further investigation.

Furthermore, this study showed that firearm injuries appear to
decrease with higher rainfall totals. For example, during Hurricane
Ida, the majority of the violence reported in the media were related
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to non-penetrating violent looting and carjacking, but the city
received over 10 inches of rain, which is significantly more than
others, likely driving down the penetrating trauma rates.'> One
potential explanation for this finding is that New Orleans is prone
to street flooding with heavy rains, which may limit transportation
and mobility in the metropolitan area.!® This may lead to fewer
penetrating injuries in periods of heavy rainfall. These data, along
with findings on windspeed, have important staffing implications
for trauma centers that may move to essential personnel-only
staffing model when preparing for major storms and hurricanes.

Interestingly, rates of self-harm penetrating traumas only
increased in the storm aftermath (2 weeks after landfall) period but
not during the landfall period. A previous study examining the
relationship of Hurricane Katrina that devastated New Orleans
showed that while mental illness rates increased (mild, moderate,
and severe), suicidal ideation actually decreased, thought to be
secondary to a greater strength in communi‘ty.17 However, there is
evidence in the literature showing that mental health does worsen
specifically after times of flooding and climate change, and this
may explain the increased injuries by self-harm that were observed
in the present study.'”'® Linear regression showed that a greater
distance away (as measured by zip code) from the hospital was
associated with self-harm by penetrating mechanism. While the
etiology of this finding could not be determined by this analysis, it
is likely that those living in more rural portions of Louisiana were
also devastated by these storms and are more at risk for death by
suicide. Additionally, there is evidence in the literature that
baseline suicide rates are higher in rural areas, particularly among
men, who make up the majority of the trauma population.!” With
regard to weather-related mental health effects, Grineski et al. have
shown a “post-traumatic stress” effect on mental health after a
winter storm in Texas that is exacerbated in persons who are Black/
African American (OR 6.6), Hispanic (OR 3.5), or another
non-white race (OR 4.2).%° This disparity in mental health is likely
further exacerbated during times of extreme stress, such as those of
a named storm system.
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In much the same way that the US firearm violence epidemic
disproportionately afflicts Black/African Americans, Hurricane
Katrina (2005) showed us that disparities also exist along racial
lines in the country’s response to hurricanes. Data from this study
further show that black/African Americans are more likely to be
patients of trauma during all phases of storms and, specifically,
more likely to present to the emergency department as patients
with penetrating trauma. This observation will only worsen the
existing disparities observed in health care among Black/African
American communities. Exposure to extreme heat or cold has been
shown to result in worsening outcomes, including overall
mortality, respiratory, cardiovascular, mental health, and heat-
related diseases.?*? Sharpe et al., in their retrospective study
examining years 1999-2018, showed that while non-Hispanic
white people were more likely affected by natural hazards or
extreme weather, the mortality rate among black/African
American people was 1.87 times higher as compared to white
populations affected.”? As the majority of those presenting to our
trauma center with penetrating injury over this 11-year period
were Black/African American, it is clear that existing disparities are
worsened during and after named storms. There is a need to
address the structural factors that lead to these glaring and
discouraging disparities in the trauma population.

Limitations

Notable limitations include that this was a cross-sectional analysis,
thus limiting its generalizability. As the electronic medical records
system at University Medical Center in New Orleans was initiated
in 2010, the study authors were unable to collect and analyze data
from years preceding 2010. Furthermore, as a nature of the storms
themselves, wind speeds and rainfall totals are not perfect markers
and varied even within the city of New Orleans itself. Additionally,
the study could not account for changes that COVID-19 may have
had on the data set, although study authors suspect that the
impacts of COVID-19 on data were minimized due to performance
of an 11-year analysis.

Conclusions

In this study of our urban, level 1, academic trauma center,
penetrating trauma rates with both firearms and knives increased
during the time around a tropical storm/hurricane as well as during
the aftermath period. Self-harm penetrating injuries increased in
the aftermath period only. Firearm violence during and in the
period immediately after named storms disproportionately affects
Black/African Americans. Study authors conclude that datapoints
to the need for the development of concerted efforts to build
resilience and develop injury prevention strategies focused on
prehospital and hospital preparedness around the time of tropical
storm/hurricane landfall and afterward during recovery periods to
minimize the rate of injury and potentially save lives.
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