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Background: Even though traumatic brain injury (TBI) is a major cause of morbidity and mortality in children around the globe, population-based and nation-wide data to assess the burden of TBI is scarce.

Methods:Based on diagnosis related groups from nation-wide hospital data, we extracted data on all TBI-related hospitalizations in children <18 years in Germany between 2014 and 2018. We calculated crude, age-specific and standardized incidence rates for hospitalizations, imaging, intracranial injury, neurosurgery, and mortality.

Results:Out of 10.2 million hospitalizations, we identified 458,844 cases with TBI as primary or secondary diagnosis, resulting in a crude incidence rate of 687/100,000 child years (CY). Age-specific rates of computed tomography were below 30/100,000 CY until the age of 10 years and increased to 162/100,000 CY until 17 years of age. Intracranial injury was diagnosed in 2.7%, neurosurgery was performed in 0.7% of patients, and 0.7% were mechanically ventilated. Mortality was 0.67/100,000 CY (0.1%).

Conclusions:Despite substantial hospitalization rates for pediatric TBI in Germany, the rates of imaging, the need for mechanical ventilation, neurosurgery and mortality were overall very low. Reasons for hospitalization and measures to reduce unnecessary admissions warrant further investigation.
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INTRODUCTION

Traumatic brain injury frequently occurs in children and represents a relevant cause of pediatric morbidity and mortality worldwide (1, 2). Typically, a bimodal age distribution is reported with infants and adolescents as the most affected groups and male predominance across all ages (1). Incidence rates vary considerably between studies and countries, especially with respect to hospitalization and imaging practices (1). For example, in the United States of America (US), annual incidence rates of TBI have been estimated to be 799/100,000 children (3). Crude annual US hospitalization rates declined from 119/100,000 children below 18 years to ~73/100,000 between the 1990s and 2005 (4).

In European countries, annual standardized hospitalization rates after TBI vary between 81 and 643/100,000 persons (children and adults). With 584/100,000, Germany has the second highest annual hospitalization rate in Europe but with a rather low mortality of 8.3/100,000 (2). For children, population-based data on the hospitalization rates for TBI, TBI-related morbidities, and mortality are scarce. The Collaborative Pediatric TBI Working Group recently identified epidemiologic data to assess the burden of pediatric TBI as one of the key clinical research needs in this field (5).

The aim of this study was to calculate nation-wide population-based rates of pediatric hospitalizations for TBI, imaging, treatment, and mortality in Germany. We analyzed a comprehensive data set provided by the Federal Bureau of Statistics that contains information on all hospitalizations of patients <18 years in German hospitals between 2014 and 2018.



METHODS

Since 2004, imbursement for German hospitals is based on diagnosis related groups (DRG). By law (§21 KHEntgG), German hospitals must transmit data on all hospitalizations to the Hospital Remuneration System (InEK). After plausibility control, data are anonymized and forwarded to the Federal Bureau of Statistics. As the submission of hospitalization data is mandatory for reimbursement, hospitals have a strong incentive to supply a comprehensive data set.

For this study we analyzed 10,244,649 hospitalizations of patients <18 years between 2014 and 2018 from all hospitals in Germany. Information on the structure of the DRG data set is supplied by the Federal Bureau of Statistics and has been described in detail elsewhere (6–8). More information is available on https://www.forschungsdatenzentrum.de/en/health/drg.


Data Extraction and Calculation of Variables

We extracted cases with primary or secondary diagnosis of traumatic brain injury (TBI) according to the International Classification of Diseases, 10th Edition, German Modification (ICD-10-GM) (ICD-Code: S06). To assess the clinical course, we extracted information on secondary diagnoses and procedures based on ICD codes and codes for surgeries and procedures (Operations- und Prozedurenschlüssel, OPS) (Supplementary Table 1). New variables calculated based on ICD and OPS codes were ventilation, resuscitation, imaging, intracranial injury, combination of neurosurgery, complications (Supplementary Table 1).



Population Data and Standardization

We extracted data of the end-of-year populations for each 1-year age group until age group 17.0–17.9 years between 2013 and 2018 from the homepage of the Federal Bureau of Statistics (https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Bevoelkerung/Bevoelkerungsstand/_inhalt.html) and calculated mid-year populations for 2014 to 2018. WHO World Standard Population 2000–2025 (9), European Standard Population 2011–2020 (10), and the U.S. Standard Population 2000 (11) were used for direct age standardization.



Primary and Secondary End Points

The unit of analysis was hospital admission for/with TBI. We calculated crude and age-specific incidence rates and standardized incidence rates for TBI-associated hospitalizations, in-hospital mortality, diagnostic imaging (in the emergency department and during the hospital stay), intracranial injuries, neurosurgery, visceral surgery, and complications in patients with TBI.



Missing Data

There were no missing data on age and primary diagnoses. Missing data on secondary diagnoses and procedures were impossible to detect as we could not distinguish whether the diagnosis was not present or whether the diagnosis was just not coded. We assumed that all diagnoses and procedures that are well-reimbursed were comprehensively coded and focussed on these codes for data extraction.



Software

All calculations were carried out using SAS release 9.4 and SAS Enterprise Guide 7.1 (SAS Institute, Cary, North Carolina, USA).




RESULTS

Out of 10,244,649 million hospitalizations <18 years of age, we identified 458,844 cases with TBI as primary or secondary diagnosis. TBI was the primary diagnosis in 418,603 cases (91.2%, crude incidence rate 687/100,000 child years) (Table 1). Male patients accounted for 254,032 cases (55.4%) and predominated at all ages except at 14 and 15 years (Supplementary Table 2). The median age was 6 years (10th and 90th percentiles: 0 and 16 years) and the median duration of hospital stay was 2 days (10th and 90th percentiles: 1 and 2 days). Three thousand one hundred eighty-four cases (0.7%, 5/100,000 child years) received mechanical ventilation with a median duration of 22 h (10th and 90th percentiles: 2 and 352 h).


Table 1. Clinical information.

[image: Table 1]

Case numbers and incidence rates of all variables varied substantially across ages [Supplementary Table 2 and raw data file at Mendeley Data (12)]. In general, case numbers and age-specific rates were highest among infants and adolescents for hospitalization due to TBI, loss of consciousness, intracranial injury, neurosurgery, and mortality (Figures 1, 2). Hospitalization rates were highest for infants during the first year of life with 1,457/100,000 child years. Imaging by computed tomography was rarely performed up to the age of 10 years and showed a marked increase starting at age 11 (Figure 2; Supplementary Table 2). Imaging (CT/MRI) was performed in 10.4%, intracranial injury was diagnosed in 2.7%, and neurosurgery performed in 0.7% (Table 1). The age-specific incidence rates of visceral surgery increased with age but were generally very low (n = 1,062, overall rate 0.2%) (Table 1; Supplementary Table 2). Age-standardized incidence rates for all variables are presented in Table 2.
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FIGURE 1. Rates of hospitalizations, TBI main diagnosis, intracranial injury, neurosurgery, and mortality. Solid red line: hospitalizations with TBI; dash-dotted red line: TBI main diagnosis; medium-dashed blue line: intracranial injury; short-dashed green line: neurosurgery; dotted black line: mortality.
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FIGURE 2. Rates of loss of consciousness and imaging. Solid blue line: loss of consciousness; long-dashed green line: cranial computed tomography; short-dashed green line: cranial magnetic resonance imaging.



Table 2. Crude and standardized incidence rates.
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DISCUSSION

In this population-based nation-wide study on pediatric TBI, Germany has high hospitalization rates compared to international data (1, 4). Our findings with respect to age and sex distribution concur with published data: Infants had the highest incidence rates of hospitalization for TBI, and males clearly predominated at almost all ages. The rates of imaging, the need for mechanical ventilation, neurosurgery and mortality were overall very low, with highest rates in infants and adolescents. Rates of computed tomography were very low, continuously rising during adolescence.

Mortality, intracranial injuries, neurosurgery, and complications occurred in only a small fraction of patients. While the incidence rates of hospitalizations for TBI in adolescents align with the rates reported for the entire German population, mortality in the pediatric subset was very low compared to the previously published population-wide mortality (2). However, our finding is limited by the fact that it does not include pre-hospital deaths, which account for up to 88% of TBI-related deaths in children (13). The high hospitalization rates and low rates of TBI-related morbidity in our study suggest that not all admitted patients may have required a hospital stay. We assume that computed tomography was avoided at the cost of hospitalizations and patient observation to clinically rule out serious head injury. This inevitably leads to the question of how to identify patients at need for monitoring without hospitalizing healthy children or exposing them to unwarranted radiation.

Several studies tried to account for this dilemma by establishing clinical rules to guide imaging practice. Among three of the most relevant rules (CHALICE, CATCH, and PECARN), PECARN performed best at ruling out clinically important TBI (14–18). In a prospective multicentre validation study, 5.1% of patients attending the emergency department after head trauma had imaging performed and 0.6% of all patients were diagnosed with clinically important TBI (19). The sensitivity for the detection of clinically important TBI was 100% with a specifity of 70%. Even more importantly, the negative predictive value was 100% (19). By ruling out clinically important TBI, the PECARN rule can help to reduce imaging rates. We assume that applying this rule could reassure physicians and parents of children classified into the very low risk group, thereby also lowering hospitalization rates and reducing the social and economic burdens of unwarranted hospitalizations.

However, an approach like the PECARN rule will be difficult to implement in Germany, because the current German DRG system drives hospitals to admit their patients for at least one or two nights to avoid cuts in reimbursement. An additional source leading to hospitalizations may be the lack of a valid German guideline on pediatric TBI and vague criteria for hospitalization after head injury in the expired guideline (20). In the future, clearly phrased criteria for hospitalization after head injury and advances in neuroimaging, like e.g., rapid sequence MRI, could help to identify patients with no need for a hospital stay.

Our study has several limitations owed to the lack of clinical information provided in the DRG data set. Due to the lack of exact information on the causes for admission and death, we likely overestimated these rates. The duration of hospital stay due to TBI may have been shorter than estimated in this study. However, the strength of this study is its comprehensiveness. We analyzed population-based data on TBI-related hospitalizations of children during the 5-year-study period, thereby completely ruling out selection bias and providing nation-wide representative data for Germany.

This study addresses one of the key clinical research needs in the field of pediatric TBI by providing nation-wide comprehensive data on hospitalizations and TBI-related morbidity in Germany. It further provides evidence that hospitalization rates for TBI in Germany were higher in children compared to other countries inside and outside of Europe, with very low rates of mechanical ventilation, intracranial injury, neurosurgery, and mortality. Our data highlight the need to clarify whether TBI-related hospitalizations are determined by actual need for treatment or by reimbursement-related reasons. It should be further explored if there is the potential for quality improvement in the German health care system to reduce a higher than needed hospitalization rate.
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Seizures® 53 53(5.1-5.4) 53(5.1-6.4) 53(5.1-6.4)
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