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Abstract

Background: This study aims to compare the outcomes of complicat-
ed seizure cases in teaching institutions as compared to non-teaching 
hospitals.

Methods: A retrospective cohort study was conducted utilizing 
the Healthcare Cost and Utilization Project (HCUP) national da-
tabase to analyze outcomes of seizures between 2012 and 2016 in 
the USA.

Results: We evaluated 267,430 of seizure patients with major 
complication or comorbidity between 2012 and 2016. Of these, 
6,980 in-hospital deaths were reported. There was a trend toward 
a significantly higher mortality in teaching compared with non-
teaching hospitals (P = 0.07). The average length of stay (LOS) 
was 5.2 days, with LOS in 2014 and 2016, being longer in teach-
ing hospitals (P < 0.05). Hospital charges were not significantly 
different among the two groups, but both types of hospitals did 
show a statistically significant charge increase from 2012 to 2016 
(P < 0.001).

Conclusions: Our data showed that there is a trend toward signifi-
cantly higher mortality in teaching hospitals. LOS was also more re-
ported in teaching hospitals, which could be inherent to the increased 
volume and coordination of care and more complexity of the cases in 
teaching hospitals. However, hospital charges were not different in 
teaching versus non-teaching hospitals.
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Introduction

World Health Organization (WHO) estimates that up to 10% 
of the population worldwide will have at least one seizure 
during their lifetime [1]. Seizures account for 1-2% of all 
emergency department visits, and approximately 25% of 
these visits are noted to be a first-time seizure [2, 3]. New-on-
set seizures may occur due to central nervous system (CNS) 
infections, tumors, chemical and metabolic imbalances, 
drugs, etc., and maybe a one-time event. However, seizures 
are most commonly part of a chronic condition characterized 
by recurrent seizure events known as epilepsy. Epilepsy af-
fects 50 million people worldwide, and in 2015, 1.2% of the 
USA population reported active epilepsy [4]. Epilepsy and 
seizures contribute to many comorbidities, including neu-
ropsychiatric issues, and significantly impact the patient’s 
quality of life [5]. Investigating what factors contribute to 
mortality in epilepsy patients will allow us to gain a better 
understanding of how to improve treatment and decrease 
hospitalizations for these patients.

Past studies comparing overall hospitalizations for all 
medical illnesses have shown that there is a significant de-
crease in mortality in major teaching hospitals compared to 
non-teaching hospitals [6]; however, complicated seizures, 
defined as seizure cases with major comorbidity and compli-
cations during their hospitalizations, have not been studied in 
depth in the literature. In order to better understand the differ-
ences amongst teaching and non-teaching hospitals, our study 
aims to compare the mortality, hospital length of stay (LOS) 
and hospital charges of complicated seizure cases with other 
comorbidities that are occurring in teaching institutions as 
compared to the non-teaching hospitals in the USA.

Materials and Methods

We conducted a retrospective cohort study utilizing the Health-
care Cost and Utilization Project network (HCUPnet) national 
database to compare mortality, LOS, and hospital charges of 
patients presenting with seizures in teaching vs. non-teaching 
hospitals between 2012 and 2016. HCUP is a national data-
base and software tool sponsored by the Agency for Healthcare 
Research and Quality (AHRQ). The database represents the 
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most extensive collection of longitudinal hospital care data in 
the USA, including the synthesis of data from state healthcare 
centers, hospital associations, private institutions, and the fed-
eral government.

We identified patients categorized under Medicare Sever-
ity Diagnosis-Related Groups (MS-DRGs) with the code num-
ber 100 for seizure cases with major comorbidity and compli-
cations. We compiled total values of discharges and compared 
the data against different categories such as in-hospital deaths, 
hospital LOS, and hospital charges. Trends during the 5 years 
of study were evaluated using the z-test statistic and P values 
using a two-tail test with a significance of less than 0.05. The 
HCUP is an anonymous database and fully complied with the 
ethical standards and received “exempt” status from the Insti-
tutional Review Board (HSC-2015-0408N).

Results

Demographics

We evaluated 267,430 of seizure patients with major complica-
tion or comorbidity between 2012 and 2016. The prevalence of 
the seizure discharges slightly increased from 60,825 in 2012 
to 71,350 in 2016 with an average rate of 18.88 in 100,000 
persons. The mean age of the total cohort had minimal varia-
tion and was 49.2 years. Male patients had a slightly younger 
age at presentation, with an average of 47.1 years, and female 

patients had an average age of 51.5 years. Male patients made 
up 52.2% of the discharges in this cohort (Table 1).

In-hospital deaths

The average number of in-hospital deaths for each of the 5 
years analyzed was 1,396, with a total of 6,980, and mean 
2.16% deaths per discharges. The absolute number of in-
hospital deaths remained relatively consistent yearly, ranging 
between 1,315 and 1,530. The average percentage of deaths 
in teaching hospitals from 2012 to 2016 was 2.19%, and in 
non-teaching hospitals was 2.12%. There was a trend toward 
significant higher mortality in teaching compared with non-
teaching hospitals (P = 0.07) (Fig. 1).

LOS

The average LOS for the years examined was 5.2 days and 
ranged from 5.1 to 5.3 days. The average LOS in teaching 
hospitals was 5.3 ± 0.5 days, whereas the average LOS in 
non-teaching hospitals was 5.0 days. There was a significant 
increase in LOS in teaching hospitals compared with non-
teaching hospitals in the years 2014 and 2016, P < 0.05 (Fig. 
2). In 2014, the mean LOS in teaching hospital was 5.31, while 
in the non-teaching hospital was 4.97 (P = 0.02). In 2016, the 
LOS in teaching hospital was 5.40, and the average in the non-
teaching hospital was 4.92 (P < 0.001). The remainder of the 

Table 1.  Patient and Hospital Demographics Between Teaching and Non-Teaching Institutions

Mean in all cohorts Teaching Non-teaching Relative ratio (T/NT)
Number (%) 53,486 195,224 (73) 72,206 (27) 2.70
Age (years) 49.24 45.40 57.06 0.80
LOS days 5.20 5.30 5.02 1.06
Hospital cost $12,670 $13,383 $11,280 1.19
Hospital charge $48,975 $50,382 $49,168 1.02
Mortality (%) 2.16% 2.19% 2.12% 1.03

T: teaching; NT: non-teaching; LOS: length of stay.

Figure 1. Trend of annual in-hospital deaths for seizures in teaching vs. non-teaching hospitals in USA from 2012 to 2016.
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years was not significantly different in between the two types 
of hospitals (Fig. 2).

Hospital charges

The total average hospital charges for patients presented with 
seizures between 2012 and 2016 were $48,975 and ranged 
from $43,704 in 2012 to $55,500 in 2016. The average hos-
pital charges in teaching hospitals were $50,382, whereas, in 
non-teaching hospitals, the average was $49,169 (P > 0.05, 
Fig. 3). There was a significant increase in hospital charges in 
both teaching and non-teaching hospitals from 2012 to 2016. 
Teaching hospitals had an average hospital charge of $44,626 
in 2012 to $57,443 in 2016 (P < 0.001), and non-teaching hos-
pitals had an average hospital charge of $45,442 in 2012 to 
$54,228 in 2016 (P < 0.001).

Discussion

Our study examined outcomes of patients with seizures from 
2012 to 2016 among teaching hospitals and non-teaching hos-
pitals in the USA. Our findings showed that there is a trend 
toward significant higher mortality in teaching compared 
with non-teaching hospitals. In 2014 and 2016, there was a 

substantial increase in the LOS of seizure patients in teach-
ing hospitals as compared to non-teaching hospitals. The costs 
of inpatient hospitalizations did not differ between the two 
groups of teaching and non-teaching hospitals. One explana-
tion could be faster admission-to-discharge process, but more 
costly procedures in non-teaching hospitals. The other possi-
bility is prolonged LOS in teaching hospitals, but as costly as 
non-teaching hospitals. Teaching hospitals are known for very 
specialized care and for treatment of uncommon or rare diseas-
es [7]. However, for more frequent conditions, teaching hos-
pitals may provide a lower care than non-teaching hospitals, 
because teaching hospitals may have a high contribution of in-
experienced trainees and decreased role of senior physicians. 
This may end in more LOS, with higher costs seen in teaching 
hospitals [7]. Mortality of seizure and epilepsy-related deaths 
in hospitals has been shown to be decreasing in the last two 
decades [8]. We found higher mortality in teaching hospitals 
compared with non-teaching ones. No prior study was found 
in epilepsy. However, literature has conflicting reports regard-
ing hospital mortality in teaching hospitals in other fields. For 
example, Hyder et al presented improved mortality of patients 
undergoing hepatopancreatobiliary surgeries in teaching hos-
pitals [9]; and Fineberg et al demonstrated increased mortal-
ity and hospitalizations of patients undergoing cervical spine 
surgery in teaching hospitals [10]. However, it has been shown 
consistently that even in studies that observed higher mortality 

Figure 2. Trend of hospital LOS for seizures in teaching vs. non-teaching hospitals in USA from 2012 to 2016. LOS: length of 
stay.

Figure 3. Trend of hospital charges for seizures in teaching vs. non-teaching hospitals in USA from 2012 to 2016.
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in teaching hospitals, teaching hospitals performed more com-
plex procedures and had superior outcomes for these complex 
surgical procedures compared to non-teaching hospitals [10]. 
There is also previous evidence to suggest that higher patient 
and procedural complexity is often noted at teaching hospitals 
that contribute to the greater complications and morbidity as-
sociated with teaching hospitals [10]. It is also been observed 
that other factors such as age and comorbidities have a much 
higher impact on mortality than does the teaching status of a 
hospital [10, 11]. Our study suggests that in the case of sei-
zures, both teaching and non-teaching hospitals likely prac-
tice the same standard of care, and treat similar complexity of 
seizure caseloads such that there is no observed difference in 
percentage of in-hospital deaths.

Previous studies have often suggested higher hospital 
charges among teaching hospitals as compared to non-teach-
ing hospitals. Iezzoni et al particularly observed this difference 
in tertiary teaching hospitals. They reported that disease-spe-
cific severity and the comorbidity index were shown to have 
a strong linear relationship to DRG-associated costs and ac-
counted for much of the perceived higher costs when com-
paring tertiary teaching hospitals to non-teaching hospitals. 
However, such differences were not noted among non-tertiary 
teaching hospitals [12]. Furthermore, our study did not differ-
entiate between the levels of teaching hospitals and found no 
difference between hospital charges. This may be due to the 
limitations of our study that was unable to stratify teaching 
levels. While studies regarding in-hospital charges of seizures 
are limited, there appears to be a significant increase in hospi-
tal charges in both teaching and non-teaching hospitals in com-
paring average 2012 to 2016. These charges are likely due to 
a combination of advancing technology, previously labeled as 
the main driver of health care expenditure, as well as general 
and medical inflation and population growth and demand for 
hospital resources [13, 14]. These factors do not differ between 
teaching and non-teaching hospitals and would be a possible 
explanation as to why teaching status did not alter hospital 
charges in our study.

Our study demonstrated that teaching hospitals did have 
a significantly higher LOS compared to non-teaching hospi-
tals in 2 of the 5 years analyzed. There are conflicting studies 
on LOS between teaching and non-teaching hospitals, with a 
sparsity of topics related to epilepsy and seizures. Hayanga et 
al demonstrated and commented on the longer LOS observed 
in major teaching hospitals, particularly when examined in the 
context of specialized procedures [15]. This is possibly due 
to the fact that teaching hospitals have more complicated pa-
tients with comorbidities and moreover, complex systems of 
care set in place for the higher volume and higher complexity 
of patients they admit. These systems, though may improve 
outcomes for complex patients, may also increase LOS in pa-
tients overall. Differences in resource allocation and coordi-
nation of care may also account for the longer LOS seen in 
teaching hospitals due to the training physician staff and higher 
volume of patients [10]. These factors all possibly contribute 
to the increased LOS we observed in our study. However, fur-
ther research needs to be conducted to investigate if patient 
demographics and comorbidities differ between teaching and 
non-teaching hospitals in the context of those presenting with 

seizures, and whether these factors impact mortality, LOS, and 
hospital charges outcomes. Further investigation is needed to 
stratify patient complexities and hospital characteristics in or-
der to determine if there is ever a need for teaching status to 
play a role in decision in treatment.

Conclusions

Our data showed that the teaching and non-teaching hospitals 
do not have a significant difference in mortality for patients 
with seizures associated with complication or comorbidity. 
There might however be an increased LOS in teaching hospi-
tals, but regardless hospital charges remain relatively consist-
ent regardless of the teaching status.
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