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Abstract

Background—Our objective is to identify seasonal and weather trends associated with pediatric 

trauma admissions.

Methods—We reviewed all trauma activations leading to admission in patients ≤18 years 

admitted to a regional pediatric trauma center from January 1, 2000, to December 31, 2015. We 

reviewed climatologic measures of the mean temperature, mean visibility, and precipitation for 

each admission in the 6 h prior to each presentation in addition to time of arrival, weekday/

weekend presentation, and season. We used a negative binomial regression model with 

multivariable analysis to estimate associations between weather and rate of trauma admissions. 

Results were presented as incidence rate ratios (IRR) with 95% confidence intervals (CI).

Results—In total, 3856 encounters [2539 males (65.8%), mean age 10.2 years ± SD 5.1 years] 

were included. Results from multivariable analysis (IRR, 95% CI) suggested an association of 

admissions with rain (0.82, 0.75–0.90) and overnight hours (23:51–05:50; 0.69, 0.58–0.82) as 

compared to morning (05:51–11:50). The IRR of trauma increased during the afternoon (11:51–

17:50; 4.05, 3.57–4.61), night periods (17:51–23:50; 5.59, 4.94–6.33), and weekends (1.24, 1.15–

1.32), and with every 1 °C increase in temperature (1.04, 1.03–1.04). After accounting for other 

variables, season was not found to be independently predictive of trauma admission.

Conclusion—Trauma admissions had a higher rate during afternoon, evening hours, and 

weekends. The presence of rain lowered the rate of pediatric trauma admission. Each degree 

increase in temperature increased the rate of trauma admissions by 4%. The findings provide 
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information from the perspective of emergency preparedness, resource utilization, and staffing to 

pediatric trauma centers.

Introduction

Trauma is the leading cause of mortality in children over 1 year of age [1]. Data from the 

Healthcare Cost and Utilization Project in the USA suggest that injury and poisoning are the 

most common reason for visits to emergency departments (EDs) among children [2]. The 

management of pediatric trauma is a complex process with significant regional variation and 

requires coordination between emergency medical services, EDs, and trauma centers. In the 

USA, the cost of caring for pediatric trauma in 2012 was estimated to be $23 billion [3].

A growing body of evidence suggests seasonal and timing characteristics may be predictive 

of trauma events. Multiple investigators have evaluated the role of weather patterns in 

relation to trauma. Motor vehicle crashes (MVCs), for example, have been found to occur 

more frequently in the presence of rain and snow [4, 5]. In contrast, data from centers that 

primarily serve adults suggest that rain decreases the risk of trauma admission, whereas 

warmer weather increases it [6–8].

Little has been reported on the role of seasonal, timing, and weather changes in association 

with pediatric trauma. Previous investigators have identified that trauma events are likely to 

occur on warmer, sunnier days, and less likely to occur following rain [9–11]. However, 

these studies used daily averages for weather, such as daily maximum and minimum 

temperatures and the total daily rainfall, and were unable to identify weather patterns at the 

time of the traumatic event. Additionally, these investigations did not specifically exclude 

trauma presentations outside the immediate vicinity of the hospital or interfacility transports 

where weather patterns may have been different. Granular data with respect to pediatric 

trauma would be beneficial from the perspective of emergency preparedness, staffing, and 

resource management.

Using data from a dedicated regional pediatric trauma center and national weather archives, 

we aimed to identify seasonal and weather patterns associated with pediatric trauma 

admissions to a regional dedicated pediatric level 1 trauma center. We hypothesized that 

rainfall and frozen precipitation would be negatively associated with trauma and that 

admissions would occur more frequently at higher temperatures.

Methods

Study setting

We reviewed admissions at a pediatric level 1 trauma center in Allegheny County, 

Pennsylvania. Our institution is the only dedicated pediatric level 1 trauma center in this 

region, serving a catchment area of >2.6 million people, and cares for the majority of 

pediatric patients presenting with traumatic injuries. Allegheny County, located in Western 

Pennsylvania, is 1890 km2 in land area and has a population of 1,223,338, of which 18.8% 

are under 18 years per 2010 US Census data [12]. On average, over the course of a year, 

Allegheny County has 10 days below 0 degrees Celsius (°C) and 10 days above 32 °C, as 
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well as 189 days with rain and 79 days with freezing precipitation [13]. Prior to data 

acquisition, institutional review board approval was obtained from the University of 

Pittsburgh.

Trauma data source and inclusion

Trauma admission electronic medical record data were acquired using Collector (Digital 

Innovations, Forest Hill, MD), the software product utilized by the State of Pennsylvania for 

trauma medical record chart abstraction. Elements for abstraction have been defined by the 

Pennsylvania Trauma Systems Foundation to ensure compliance with the American College 

of Surgeons standards for trauma care delivery. Trauma admissions from ED trauma 

activations for patients ages 18 and under were included between January 1, 2000, 00:51 and 

December 31, 2015, 23:51. We excluded admissions where the reported injury was outside 

the county of our hospital where weather may have been different. Additionally, patients 

who were admitted after an interfacility transport were excluded because the timing of 

transports is often delayed some time from the traumatic event. Patients with primary burn-

related trauma were also excluded, as our hospital is not a burn center. Patient information 

collected from the database included demographics, date and time of trauma activation, 

mechanism of injury as defined by External-Cause-of-Injury Coding (E-Code), and 

admission information including fatality and duration of admission.

Weather data

Hourly weather data, including dry temperature (°C), visibility (statute miles), precipitation 

(inches), and weather events, were acquired from January 1, 2000, 00:51 to December 31, 

2015, 23:51. Data were acquired from public records from the National Oceanic and 

Atmospheric Administration (NOAA) for Pittsburgh International Airport, located within 

Allegheny County, Pennsylvania (latitude 40.48, longitude – 80.21) [14]. We defined 

weather events for this study using Meteorological Terminal Aviation Routine Weather 

Report (METAR) codes as rain (drizzle, rain, and thunderstorm) or frozen precipitation 

(snow, ice crystals, hail, ice pellets, snow shower, snow pellets, and snow grains). Weather 

parameters from the reporting station were assessed every 51 min past the hour.

Data abstraction

Trauma events and weather characteristics were summarized by hour. Weather statistics 

were summarized from the preceding 6 h and calculated as (1) mean temperature, (2) mean 

visibility, (3) total precipitation (taken as a continuous variable), and (4) the presence of any 

weather event (rain or frozen precipitation), neither, or both, taken as a categorical variable. 

In addition to weather data, we also calculated timing data of each trauma event with respect 

to day of the week (weekday and weekend), season by meteorological definition (winter, 

December 1 to February 28; spring, March 1 to May 31; summer, June 1 to August 31; and 

fall, September 1 to November 30), and time into four windows (morning, 05:51 to 11:50, 

afternoon, 11:51 to 17:50; night 17:51 to 23:50, overnight, 23:51 to 05:50).
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Data analysis

Our outcome of interest was the hourly rate of pediatric trauma admissions. We attempted to 

identify independent predictors of the outcome. Following methods used by other studies of 

trauma admission rates [10, 15], we used a negative binomial regression model to estimate 

associations between regional weather and rate of trauma center admissions, taking the 

number of trauma events as count data. After converting units from the NOAA dataset to SI 

units (visibility from statute miles to kilometers, inches of precipitation to centimeters), 

univariate analysis was done using a generalized linear model with a negative binomial 

distribution. Results with p < 0.05 were used in the development of a multivariable model. 

As weather-related factors were our primary area of interest, we started with temperature 

and precipitation in our model, adding other variables in a forward selection approach. 

Variables with p < 0.05 were kept in the multivariable model. Results for univariate and 

multivariable models are reported as incidence rate ratios (IRR) with 95% confidence 

intervals (CI). We additionally compared our findings to those of an alternative model using 

season, time of day, and day of week variables alone, without the incorporation of other 

weather characteristics. In order to identify if rates of different trauma types varied by 

month, we re-classified admissions into three groups of MVCs (E-Codes 810–825), falls (E-

Codes 880–888), and all others and obtained the percentage of events in totality and in 

subgroups by months. Data management and analysis were performed using the tidyverse 
package in RStudio v.1.1.423 (Boston, Massachusetts) and IBM SPSS Statistics for 

Windows v25.0 (IBM Corporation, Armonk, New York).

Results

Description of trauma and weather events

From the original patient sample of 25,782 trauma events reviewed over the 16-year period, 

a total of 3856 events were included for study. Details regarding patients from these events 

are provided in Fig. 1. Mean patient age was 10.2 years (standard deviation 5.1) and 2539 

(65.8%) events occurred in males (Table 1). The included weather period ranged from 

January 1, 2000, 00:51 to December 31, 2015, 23:51 and contained data for 139,407 data 

points. The included weather period contained data for 139,407 data points and summarized 

140,257 h of observation. Trauma events month demonstrated a similar distribution by 

month when classified by subgroup (Fig. 2).

Univariate analysis (Table 2)

Univariate negative binomial models identified increased trauma admission rates (IRR, 95% 

CI) in summer (1.33, 1.22–1.45) compared to fall; afternoon (4.79, 4.23–5.44) and night 

(6.41, 5.67–7.25) as compared to morning; weekend days (1.23, 1.15–1.32); in each 

additional 1 °C increase in temperature (1.05, 1.05–1.05), and in each additional kilometer 

of visibility (1.07, 1.06–1.08). A decreased IRR was seen in the winter season (0.68, 0.62–

0.75), presence of frozen precipitation (0.58, 0.49–0.69), rain (0.84, 0.77–0.91), rain or 

frozen precipitation (0.43, 0.28–0.68), and in the overnight hours (0.69, 0.58–0.83). 

Linearity assumptions were assessed and confirmed by visual inspection of associations with 

categorical variables of 5 °C increments.
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Multivariable analysis (Table 2)

In the final model, IRR of trauma increased during the afternoon (4.05, 3.57–4.61) and night 

periods (5.59, 4.94–6.33), weekends (1.24, 1.15–1.32), and with every 1 °C increase in 

temperature (1.04, 1.03–1.04). The presence of rain had a decreased IRR of admission (0.82, 

0.75–0.90), as did the presence of overnight hours (0.69, 0.58–0.82) when compared to 

morning. While season was a significant contributor to model fit, no single season was 

independently predictive of trauma admission after accounting for other variables. In the 

alternative multivariable model including only seasons and temporal variables, a higher odds 

of trauma admission was noted in the summer (1.32, 1.22–1.45) compared to fall, afternoon 

(4.79, 4.22–5.43) and night (6.40, 5.66–7.23) compared to morning, and weekend (1.23, 

1.15–1.32) compared to weekday. A lower odds of trauma admission was noted during the 

winter (0.68, 0.62–0.76) compared to fall and during the overnight (0.69, 0.58–0.83) period 

compared to morning (Online Resource). The Akaike Information Criterion (AIC) for the 

primary model including weather variables was 32,705, which demonstrated better model fit 

compared to that from an alternative model using only season and temporal variables (AIC 

32,946).

Discussion

Using a large regional registry derived from a pediatric level 1 trauma center, we identified 

seasonal, weather, and timing factors associated with pediatric trauma admissions. Via 

development of a multivariable model, we identified associations between trauma admission 

rates and time of day and day of the week. The rate of trauma admissions increased by 4% 

with an increase in each 1 °C averaged over the 6 h prior to presentation at the ED and was 

decreased with the presence of rain.

After adjusting for direct measures of weather (temperature and precipitation), timing 

factors (time of day and day of week) appeared to have a strong association with the rate of 

trauma admissions when compared to seasonal factors. These periods correspond to times 

when children are more likely to be out of school, thereby increasing the risk of injury. A 

weekend or holiday was associated with an increased pediatric trauma admission in a study 

from the UK [10]. Similarly, in a single-center study from South Africa, children were noted 

to present more frequently with trauma from MVCs on weekends [16]. Similar findings have 

been reported from trauma centers which primarily serve adults [6, 8]. While the association 

of pediatric trauma with time of presentation has not been previously reported in the 

literature, our findings correlate with a review of emergency medical services utilization for 

trauma in Taiwan, demonstrating an increase in IRR during daytime and evening hours [15]. 

As the majority of the trauma admissions in our series were children in MVCs in vehicles 

that were likely driven by adults, it is not surprising that rates of pediatric trauma admission 

follow these broad trends.

Rain was negatively associated with admissions, and a rise in temperature increased the IRR 

of admission. These findings parallel reports by previous investigators identifying a positive 

association between fractures in pediatric patients and warmer weather [15, 17], and a 

negative association with precipitation [17]. A study from Scotland evaluating injuries 

presenting to the ED in children over a 3-month period in the summer found that more 
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presentations occurred on sunnier and warmer days as compared to cloudier, cooler days 

[11]. A rise in maximum daily temperature correlated with the increases in both pediatric 

and adult trauma admissions in a study from the UK, with a greater effect size in children 

than in adults [10]. The results of our study correspond with these reports while additionally 

taking a more granular approach toward each admission by evaluating temperature and the 

presence of precipitation in the hours proximal to the traumatic event rather than overall 

temperature measurements for each day. Time and weather-based prediction modeling may 

be useful from the perspective of emergency preparedness and staffing. Weather forecasts 

continue to improve over time [18], and a better understanding of factors affecting trauma 

presentation can facilitate efficient staffing and resource utilization by trauma centers and 

emergency medical service providers. Notably, if there is a greater risk of trauma admissions 

on weekends and evening, better efforts should be made to staff trauma centers during these 

hours. In one single-center study from Australia, for example, poorer outcomes have been 

noted in some subgroups of trauma patients admitted after staffing decreases in the evening 

[19]. Additionally, with the overall rise in temperature predicted with climate change [20], 

these data may provide information regarding changes in the epidemiology of pediatric 

trauma over time. As global temperatures slowly rise, there may be an associated increase in 

rates of pediatric trauma admissions.

Findings from this study are subject to limitations from retrospective chart review. This 

study relied on previously collected data from a trauma registry in order to construct a 

multivariable model. In order to improve the accuracy and interpretability of the results, a 

large fraction of patients with minor trauma or those transferred from outlying facilities were 

excluded. Findings from this study are from patients local to a single center, which may limit 

the generalizability of results. However, despite these limitations, the overall trends with 

respect to the timing and weather-related prediction of pediatric trauma are broadly 

applicable to regions with temperate climates in the Northern Hemisphere.

Conclusion

Rates of local pediatric trauma admissions are most strongly associated with timing. 

However, even after taking temporal variables into account, climatologic factors were 

independently associated with trauma; the presence of rain lowered the rate of trauma, while 

each degree increase in temperature led to a rise in the rate of trauma admission by 4%. The 

findings from this study provide useful information for resource management by pediatric 

trauma centers and also shed light on the epidemiology of pediatric trauma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Study patient inclusion
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Fig. 2. 
Percentages of trauma admissions by month, in totality (n = 3856) and by subgroups of 

motor vehicle collisions (MVC) (n = 1642), falls (n = 1092), and others (n = 1122)

Ramgopal et al. Page 9

World J Surg. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ramgopal et al. Page 10

Table 1

Event descriptive data, mechanisms of trauma, and timing of events by time, day of week, and season

Number of events 3856

 Mean patient age (±SD) 10.2 (5.1)

 Events with males, n (%) 2539 (65.8)

Race, n (%)

 White 2384 (61.8)

 Black 1347 (34.9)

 Other 78 (2.0)

 Not documented 47 (1.2)

Admission parameters

 Median length of stay, days (IQR) 1 (1–2)

 Intensive care unit admissions, n (%) 295 (7.7)

 Transferred from ED to operating room, n (%) 133 (3.4)

Outcome, n (%)

 Alive at discharge 3801 (98.6)

 Deceased 55 (1.4)

Classification of trauma by External-Cause-of-Injury Coding, n (%)

 Motor vehicle traffic accidents 1486 (38.5)

 Motor vehicle non-traffic accidents 151 (3.9)

 Other road vehicle accidents 307 (8.0)

 Vehicle accidents not elsewhere classifiable 34 (0.9)

 Accidental falls 1078 (28.0)

 Accidents related to natural and environmental factors 24 (0.6)

 Submersion, suffocation, and foreign bodies 80 (2.1)

 Suicide and self-inflicted injury 12 (0.3)

 Homicide and injury purposely inflicted by other persons 295 (7.7)

 Other injuries 389 (10.1)

Timing of event, n (%)

 Morning 05:51–11:50 291 (7.5)

 Afternoon 11:51–17:50 1434 (37.2)

 Night 17:51–23:50 1916 (48.7)

 Overnight 23:51–05:50 215 (5.6)

Time of year, n (%)

 Winter (January 1–March 31) 673 (17.5)

 Spring (April 1–June 30) 1141 (29.6)

 Summer (July 1–September 30) 1245 (32.3)

 Fall (October 1–December 31) 797 (20.7)

Day of week, n (%)

 Weekend 1273 (33.0)

 Weekday 2583 (67.0)
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