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Background

Cerebral venous sinus thrombosis (CVST) is a rare disease in 
the pediatric population and most often has a multifactorial 
background [1]. The true rate of CVST is underestimated. In 
the literature data, approximately 1 case of CVST is most com-
monly diagnosed in 100 000 children every year [1,2]. Most 
cases of CVST in the pediatric population concern the neona-
tal period and account for up to 40% of all the diagnosed cas-
es of CVST. The frequency of CVST at the age of less than 28 
days is 2.6 per 100 000 children per year [3]. Previously, such 
a high frequency of neonates with CVST was suggested to re-
sult from multiple risk factors in this age group [4].

Risk factors for CVST differ between neonates and older chil-
dren [1,5-7]. Neonatal thrombosis can be caused by maternal 
factors (eg, hypertension, diabetes, inflammation of the mem-
branes), congenital infections, birth defects, and perinatal hy-
poxia [5]. In turn, in infants and older children, the most impor-
tant risk factors for CVST can be divided into several groups: 
general causes (dehydration, fever), head/neck infections, oth-
er pathologies of head and neck area (eg, injuries, treatment 
with radiant energy, proliferative processes, neurosurgical 
procedure), congenital heart defects, disorders of the hema-
topoietic system, kidney diseases, certain medications (corti-
costeroids), thrombophilia, and complicated delivery [2,3,6,7].

The diagnosis of CVST is based on the results of imaging tests; 
currently, the method of choice is venography by computed to-
mography (CT) or magnetic resonance venography (MRV) [8-
10]. The treatment of CVST involves the use of anticoagulants, 
and recommendations in this regard are taken from the expe-
rience with adults. According to the guidelines of the American 
Society of Hematology, currently, in the case of venous throm-
bosis in newborns and children, unfractionated heparin, low-
molecular-weight heparin, and oral vitamin K antagonists are 
recommended [11,12]. The most important long-term conse-
quences of CVST in childhood are permanent visual impair-
ment, seizures, and headaches. Mortality in the acute phase 
of the disease affects up to 10% of patients [1,13].

Therefore, the present study used data from the Polish National 
Health Fund Registry to evaluate 52 pediatric patients who re-
quired 78 hospital admissions for CVST from 2013 to 2020. In 
Poland, hospitalizations are both financed by public funds and 
paid directly by patients. The NHF data include only hospital-
izations financed by public funds. However, CVST in children 
is unlikely to be treated privately. The Polish NHF registry is a 
useful tool in the population analysis of various disease enti-
ties, especially the rare ones, as well as in the population dis-
tributions of demographic and hospitalization-related char-
acteristics. There is a growing amount of research analyzing 
various diseases based on NHF data [14-16].

Material and Methods

Ethics Statement

Since database analysis is not considered a medical experiment 
according to Polish law, no formal approval of the local ethics 
committee was required. During the analysis, we did not have di-
rect contact with the patients, and therefore the patients’ consent 
was not required. The data used for analysis were maintained 
by the Polish Ministry of Health and the Polish National Health 
Fund. The individual data were anonymous and pseudonymized 
and reviewed only by one of the co-authors of the present study 
who is an authorized employee from the Ministry of Health.

Study Design

This retrospective study involved individual, anonymous, and 
pseudonymized data from the Polish NHF concerning the pa-
tients’ hospitalizations financed by public funds in the years 
2013 to 2020. The data before 2013 are incomparable due to 
the fact that in Poland at that time there was a different sys-
tem of recording and financing hospitalizations. The formal ap-
proval for using the data was obtained from the NHF as part 
of the “Maps of Health Needs” project.

The inclusion criteria for the analysis and simultaneous que-
ries to search for data in the database were as follows: I67.6 as 
ICD-10 code for nonpyogenic thrombosis of intracranial venous 
system; age up to 18 years old at admission to hospital; and 
hospitalization at pediatric neurology or neurosurgery wards. 
We used SQL language for queries and R language for grouping.

In total, in the years 2013 to 2020, 105 hospital records met the 
inclusion criteria (78 hospitalizations for 52 patients). Figure 1 
presents the flow chart of the included 105 hospital records, 
which concerned 78 hospitalizations due to CVST in 52 patients.

The following data were available for each pediatric hospital-
ization: the regional branch of the NHF in which the patient 
was hospitalized, the regional branch of the NHF in which the 
patient was registered, age, sex, the ICD-10 classification code, 
date and type of admission, date and type of discharge, proce-
dure provided, and cost of the procedure provided. Additionally, 
using the data from the registry, we calculated the duration 
of hospitalization, month and season of the year at the time 
of admission, and total cost of hospitalization (in Polish zlo-
ty, PLN). We also determined how many hospitalizations were 
done in the region other than the patient’s region of residence.

Division of the Patients According to Age

The pediatric patients with CVST hospitalized in Poland during 
2013-2020 were divided into 5 subgroups according to age: 
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(1) neonates or infants (0-12 months), (2) toddlers and pre-
schoolers (1-6 years), (3) pre-pubertal children (7-10 years), 
(4) early pubertal children (11-14 years), and (5) adolescents 
(15-18 years).

Statistical Analysis

The data were analyzed using STATISTICA 13 software (StatSoft 
Tulsa, OK, USA). The mean and standard deviation were es-
timated for numerical variables, as well as absolute numbers 
(n) and percentages (%) of the occurrence of items for cate-
gorical variables.

The following statistical tests were used:
•	 �Fisher’s exact test to compare categorical variables between 

years of hospitalization;
•	 �Kruskal-Wallis’s H test to compare the duration or the cost 

of hospitalization between years of hospitalization;
•	 �Pearson’s correlation coefficient to correlate age, duration, 

and cost of hospitalization between each other.

A regression analysis of hospitalization cost against hospital-
ization duration was used.

The significance level was assumed as 0.05 in all the statis-
tical tests.

Results

Demographic Characteristics of Pediatric Patients 
Hospitalized Due to CVST in Poland in the Years 2013 to 
2020

Among the 52 pediatric patients hospitalized for CVST in 
Poland in the years 2013 to 2020, 33 were boys (63.46%) and 
19 were girls (36.54%).

The mean age of children hospitalized for the first time owing 
to CVST during the 2013-2020 period in Poland, was 9.7±5.8 
years. The distribution of the patients’ age is shown in Figure 2. 
The most frequent age group was adolescents (26.92%) fol-
lowed by toddlers or preschoolers (21.15%), pre-pubertal chil-
dren (21.15%), and early pubertal children (19.23%), while the 
least frequent was the group of neonates and infants (11.54%).

Table 1 presents the regions of residence where the CVST pedi-
atric patients lived. The highest percentage lived in the Śląskie 
region (14 patients, 26.92%), followed by the Dolnośląskie re-
gion (9 patients, 17.31%), and the Mazowieckie region (7 pa-
tients, 13.42%). These 3 regions are the most highly populated 
in Poland. The region of residence of the patients hospitalized 
for pediatric CVST did not significantly differ between the years 
analyzed (P=0.920).

Hospital records
(n=105)

Hospitalizations
(n=78)

Total of 52 children

Hospitalizations with
two records

(n=19)

Hospitalizations with one records,
only medical treatment

(n=55)

Medical treatment and
Anaesthesia

(n=16)

Children with 1
hospitalization

(n=39)

Children with 2
hospitalizations

(n=6)

Children with 3
hospitalizations

(n=4)

Children with 4
hospitalizations

(n=1)

Children with 5
hospitalizations

(n=1)

Children with 6
hospitalizations

(n=1)

Medical treatment and
Parent’s stay

(n=3)

Hospitalizations with three records,
medical treatment and

anaesthesia and parent’s stay
(n=4)

Figure 1. �Flow chart presenting hospital records, hospitalizations, and patients hospitalized for pediatric cerebral venous sinus 
thrombosis in Poland from 2013 to 2020. Figure was made in Word, Office 365, Microsoft Corporation, USA.
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Figure 2. �Age of pediatric patients hospitalized due to cerebral venous sinus thrombosis in Poland from 2013 to 2020 (n=52). 
Figure was made in Excel, Office 365, Microsoft Corporation, USA.

Region Patient’s residence (N=52) Patient’s hospitalization (N=78)

Dolnośląskie 	 9	 (17.31) 	 20	 (25.64)

Kujawsko-pomorskie 	 2	 (3.85) 	 0	 (0.00)

Lubelskie 	 0	 (0.00) 	 1	 (1.29)

Lubuskie 	 1	 (1.92) 	 0	 (0.00)

Łódzkie 	 2	 (3.85) 	 4	 (5.13)

Małopolskie 	 5	 (9.62) 	 4	 (5.13)

Mazowieckie 	 7	 (13.46) 	 12	 (15.38)

Opolskie 	 1	 (1.92) 	 1	 (1.29)

Podkarpackie 	 5	 (9.62) 	 5	 (6.41)

Podlaskie 	 1	 (1.92) 	 1	 (1.29)

Pomorskie 	 1	 (1.92) 	 1	 (1.29)

Śląskie 	 14	 (26.92) 	 25	 (32.05)

Świętokrzyskie 	 1	 (1.92) 	 0	 (0.00)

Warmińsko-mazurskie 	 0	 (0.00) 	 0	 (0.00)

Wielkopolskie 	 3	 (5.77) 	 4	 (5.13)

Zachodniopomorskie 	 0	 (0.00) 	 0	 (0.00)

Hospitalization outside the region of residence 	 8	 (10.26)

Table 1. �Region of residence and hospitalization of pediatric patients hospitalized for cerebral venous sinus thrombosis in Poland from 
2013 to 2020.

Results are presented as n (%).
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Region of Hospitalization of Patients for Pediatric CVST in 
Poland from 2013 to 2020

Among the 78 hospitalizations for pediatric CVST registered 
in Poland in years 2013 to 2020, the number of annual hos-
pitalizations differed between the analyzed years. The high-
est numbers of hospitalizations were registered in 2013 and 
2019 (n=15 each), followed by 2015 (n=13), and 2018 (n=13), 
and then 2014 and 2017 (n=8 each); and the lowest numbers 
were registered in 2016 (n=3) and 2020 (n=4).

Table 1 also presents the regions where the pediatric pa-
tients were hospitalized for CVST. The highest percentage of 
CVST pediatric patients in total from 2013 to 2020 lived in 
and were hospitalized in 3 regions: Dolnośląskie (17% of the 
patients lived here and 26% of them were hospitalized here), 
Mazowieckie (13% and 15%, respectively), and Śląskie (27% 
and 32%, respectively).

The region of hospitalization of pediatric patients for CVST did 
not significantly differ between the years analyzed (P=0.885).

A total of 8 cases out of 78 hospitalizations (10%) were in a 
region other than the patient’s region of residence. The per-
centage of CVST pediatric hospitalizations in the region oth-
er than the patient’s region of residence did not differ signif-
icantly between the years analyzed (P=0.102).

Seasons of Year and Months at Admission to Hospitals for 
Pediatric CVST in Poland from 2013 to 2020

The same number of pediatric patients were admitted to hos-
pitals for CVST in every season of the year (Table 2). January, 
July, and November were dominate months of pediatric CVST 
hospitalizations (9 hospitalizations each), followed by February, 
May, and June (8 hospitalizations each). The lowest number 
of hospitalizations were registered in August (2), and March 
and October (3 hospitalizations each). Season of the year and 
month at admission did not significantly differ between the 
years analyzed (P=0.868 and P=0.460, respectively).

Characteristics
Total

(N=78)
2013

(N=15)
2014
(N=8)

2015
(N=13)

2016
(N=3)

2017
(N=8)

2018
(N=12)

2019
(N=15)

2020
(N=4)

Season of a year at admission, n (%)

Winter 	 20	 (25.64) 2 2 3 0 2 4 5 2

Spring 	 20	 (25.64) 3 2 2 2 2 4 5 0

Summer 	 19	 (24.36) 4 1 5 1 3 1 3 1

Autumn 	 19	 (24.36) 6 3 3 0 1 3 2 1

Month at admission, n (%)

January 	 9	 (11.54) 1 1 2 0 1 2 1 1

February 	 8	 (10.26) 0 0 1 0 1 1 4 1

March 	 3	 (3.85) 2 1 0 0 0 0 0 0

April 	 6	 (7.69) 0 2 1 0 1 1 1 0

May 	 8	 (10.26) 2 0 0 1 0 1 4 0

June 	 8	 (10.26) 0 1 2 1 2 2 0 0

July 	 9	 (11.54) 2 0 3 0 1 1 1 1

August 	 2	 (2.56) 1 0 0 0 1 0 0 0

September 	 6	 (7.69) 2 0 1 1 0 0 2 0

October 	 3	 (3.85) 1 2 0 0 0 0 0 0

November 	 9	 (11.54) 3 1 3 0 0 1 1 0

December 	 7	 (8.97) 1 0 0 0 1 3 1 1

Table 2. �Season of a year and month at the admission of pediatric patients hospitalized due to cerebral venous sinus thrombosis in 
Poland from 2013 to 2020 (n=78 hospitalizations).
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Types of Admission and Discharge from Hospitalization for 
Pediatric CVST in Poland from 2013 to 2020

The type of admission did not significantly differ between the 
years of hospitalization for pediatric CVST (P=0.113; Table 3). 
The most common admission to hospital for CVST was emer-
gency (51%), including emergency admission as a result of 
a transfer by the emergency medical team (4%) and other 
emergency admissions (47%). Scheduled admissions on the 
basis of a referral accounted for 46% of all admissions, while 
the less common type of admission was transfer from anoth-
er hospital (3%).

The type of discharge did not significantly differ between the 
years of hospitalization for pediatric CVST (P=0.166; Table 4). 
The most common type of discharge was referral for further 
outpatient treatment (50%), followed by completion of the ther-
apeutic or diagnostic process (31%), while referral for further 
treatment in another hospital and discharge at own request 
were the least common types of discharges (8% and 10%, re-
spectively). One patient died in a hospital.

Duration and Cost of Hospitalization for Pediatric CVST in 
Poland from 2013 to 2020

The duration of CVST pediatric hospitalization did not differ 
significantly between the analyzed years (P=0.335) and last-
ed 10.5±11.7 days, on average (Table 5).

The cost of CVST pediatric hospitalization did not differ sig-
nificantly between the analyzed years (P=0.325) and was 
3273±2191 PLN, on average.

Among all hospitalizations, the duration and cost of pediat-
ric CVST hospitalizations were positively correlated (r=0.512, 
P<0.001; Figure 3). The longer the hospitalization lasted, the 
higher the average costs of hospitalization. Each extra day of 
hospitalization increased the cost of hospitalization by 101 
PLN, on average ceteris paribus (black fitted line).

The patient’s age did not correlate significantly with the du-
ration of CVST pediatric hospitalizations (r=-0.116, P=0.312) 
and the cost of these hospitalizations (r=-0.199, P=0.081).

Type of admission
Total

(N=78)
2013

(N=15)
2014
(N=8)

2015
(N=13)

2016
(N=3)

2017
(N=8)

2018
(N=12)

2019
(N=15)

2020
(N=4)

Emergency admission as a result of 
transfer by the emergency medical team

	 3	 (3.85) 0 0 1 1 0 1 0 0

Emergency admission – other cases 	 37	 (47.44) 8 5 6 1 7 5 4 1

Scheduled admission on the basis of a 
referral

	 36	 (46.15) 7 3 6 1 1 5 11 2

Transfer from another hospital 	 2	 (2.56) 0 0 0 0 0 1 0 1

Table 3. �Admission procedures of pediatric patients hospitalized due to cerebral venous sinus thrombosis in Poland from 2013 to 2020 
(n=78 hospitalizations).

Results are presented as n (%).

Type of discharge
Total

(N=78)
2013

(N=15)
2014
(N=8)

2015
(N=13)

2016
(N=3)

2017
(N=8)

2018
(N=12)

2019
(N=15)

2020
(N=4)

Completion of the therapeutic or diagnostic 
process

	 24	 (30.77) 10 1 3 0 2 3 5 0

Referral for further outpatient treatment 	 39	 (50.00) 4 5 6 3 6 6 5 4

Referral for further treatment in another 
hospital

	 6	 (7.69) 0 0 3 0 0 1 2 0

Discharge at own request 	 8	 (10.26) 1 2 1 0 0 1 3 0

Patient’s death 	 1	 (1.28) 0 0 0 0 0 1 0 0

Table 4. �Discharge procedures of pediatric patients hospitalized due to cerebral venous sinus thrombosis in Poland from 2013 to 2020 
(n=78 hospitalizations).

Results are presented as n (%).
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Discussion

Based on data from the Polish NHF registry, we demonstrat-
ed that in the years 2013 to 2020 CVST was more common in 
boys than in girls, and in adolescents (15-18 years old) than 
in younger children. The region of residence and the region of 
hospitalization due to pediatric CVST did not differ between 
the years analyzed. Hospitalizations outside the region of res-
idence also did not differ significantly between the years an-
alyzed. A total of 8 out of 78 hospitalizations (10%) were in a 
region other than the patient’s region of residence. The dura-
tion of CVST pediatric hospitalization lasted 11 days, on av-
erage, and the mean cost of hospitalization was about 3273 
PLN. The cost of CVST pediatric hospitalization did not dif-
fer significantly between the analyzed years. As expected, we 
observed a positive correlation between the duration and the 
cost of CVST pediatric hospitalizations: the longer the hospital-
ization, the higher the average costs of hospitalization. In the 
present registry-based analysis, the most common type of ad-
mission was an emergency admission, and the most common 

discharge was a referral for further outpatient treatment. The 
number of annual hospitalizations in our study differed be-
tween the analyzed years, the highest numbers of hospital-
izations were registered in 2013 and in 2019 and the lowest 
numbers were in 2016 and in 2020 (n=15, each vs n=3, and 
n=4, respectively). The small number of registered hospitaliza-
tions in 2020 may have been caused by restrictions on hos-
pital admissions in Poland due to the COVID-19 pandemic. 
However, in other years there is no possible reason to explain 
the different numbers of admissions of pediatric patients for 
CVST. The season or month of the year at admission did not 
differ between the years.

The size of the cohort analyzed in the present study (52 pe-
diatric patients within 8 years) is comparable to the sev-
eral previously analyzed groups of CVST patients [17,18]. 
Vieira et al [17] studied 53 Portuguese children and adoles-
cents with CVST within 7 years, from 2001 to 2007. Moreover, 
60 CVST pediatric patients with a median age of 4.79 years 
old were identified within 13 years in the United States [18]. 

Year N Duration of hospitalization (days) Cost of hospitalization (PLN)

Total 78 10.5±11.1 3273±2191

2013 15 12.5±13.9 2880±1352

2014 8 8.8±6.9 2827±898

2015 13 10.2±9.7 2968±652

2016 3 17.0±18.8 3484±721

2017 8 12.0±6.6 3358±496

2018 12 14.2±16.4 3384±1876

2019 15 6.5±6.7 4075±4416

2020 4 4.0±2.2 2960±1062

Table 5. �Duration and cost of hospitalization due to cerebral venous sinus thrombosis in Poland from 2013 to 2020 (n=78 
hospitalizations).

Results are presented as M±SD. M – mean; SD – standard deviation; PLN – Polish zloty.
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Figure 3. �Scatter diagram to illustrate the cost 
of hospitalization against the duration 
of hospitalization for cerebral venous 
sinus thrombosis in Poland from 
2013 to 2020 (n=77 hospitalizations). 
PLN – Polish zloty. One hospitalization 
is not included in the figure due to 
the outlier cost of 19759 PLN and the 
duration of hospitalization of 29 days. 
The size of the bubbles corresponds 
to the number of patients. Figure was 
made in Excel, Office 365, Microsoft 
Corporation, USA.
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In turn, Wang et al [19] analyzed a smaller number of Chinese 
children with CVST (n=30), recruited within the period of 2008 
to 2018. Kar et al [20] retrospectively analyzed the medical re-
cords of 29 pediatric CVST patients treated between 2011 and 
2018 in Turkey. Anderst et al [21] in the International Pediatric 
Stroke Study enrolled 216 children with CVST (160 childhood 
and 56 perinatal).

In our total group, 63.5% of the pediatric patients with CVST 
were boys. A recent study by Rodrigues et al [22] demonstrat-
ed that 29 of 53 CVST pediatric patients (54.7%) were boys. 
A frequency of 53% of male patients with CVST was report-
ed by Wang et al [19] and by Kuhle et al [23] and 56% by 
Heller et al [3]. Sébire et al, in a study based on 5 European 
registries [24], reported a similar percentage of boys with CVST 
(64%) to ours, which was than the Chinese and Canadian 
studies. On the other hand, the study from Turkey had a low-
er number of boys with CVST 43.5% [25]. However, the study 
was based on a significantly lower overall number of patients 
than was our study (23 vs 52, respectively). The Polish CVST 
patients included in the present analysis were 10 years old, 
on average. The most frequent age subgroup was adolescents 
(27%). The least frequent was the group of neonates or infants 
(11.5%), which is contrary to the study by deVeber et al [2], 
which showed 43% of patients with CVST were neonates. In 
the study by Kuhle et al [23], 23% of the CVST children were 
newborns. Contrary to our study, Wasay et al [4] analyzed chil-
dren with CVST below 12 years old, out of whom 90% were 
younger than 12 months old (35%). On the other hand, the 
percentage of neonates was significantly lower in the study 
based on pediatric patients with CVST from Portugal (11%) [17]. 
The Chinese children with CVST were slightly younger than 
our patients (median age 8.33 years old) [13]. The study by 
Kalita et al [26] was performed in a group of CVST patients 
with ages ranging from 3 to 76 years old. Children (<18 years) 
in this group accounted for 17.7%, whereas 9% were elderly 
patients (>65 years). In this sample, almost 52% of the CVST 
patients were female [26].

The patients analyzed in the study were hospitalized during 
every season of the year with the same frequency. This may 
be a bit surprising since some infections, such as otitis media, 
suggested as a risk factor for CVST, were found to occur more 
often between November and April each year [27]. A study 
performed in young adults with CVST (mean age 36.71±12.44 
years) demonstrated the highest frequency of CVST within 3 
months from July to September, while the lowest frequency of 
CVST was from December to April [28]. In addition, the authors 
found a significant correlation between the average temper-
ature in each month and the frequency of CVST occurrence. 
What is interesting, an extremely high percentage of women 
(78.31%) were observed in the study group [28] and most of 
them developed CVST in the winter months. In the study from 

Pakistan [29], infections were the common cause of CVST in 
children, followed by anemia and dehydration. The authors 
also found that fever was the most common presentation [29].

In our study, the number of pediatric CVST hospitalizations 
was different in each region of Poland. This could be connect-
ed with the different size of each region’s population as well 
as the access to referral hospitals.

Since CVST is uncommon in children, its diagnosis can be 
delayed, which results in an increased risk of mortality. 
Sebire et al [24] reported 5 deaths in CVST patients (11.9%), 
3 of whom died at once and 2 died later. In turn, Javed et al [29] 
reported the deaths of 6.25% of children with CVST. An espe-
cially high frequency of deaths was found by Ozcan et al [25]. 
In our database, 1 death was noted. Previously, the data sug-
gested that a long follow-up should be done for children with 
CVST since 10% to 20% of them will experience recurrent 
events [30].

To the best of our knowledge, the present study is the first to 
analyze hospital admissions for pediatric CVST based on the 
data from the Polish NHF, which registers all hospitalizations 
in Poland. Using this registry, we were able to analyze a size-
able group of pediatric patients who were hospitalized for CVST 
in every region/voivodship of Poland within an 8-year period. 
Because our analysis covers the entire population of patients 
with CVST, it provides valuable knowledge for clinicians about 
the distribution of patients by sex, age, and other factors. This 
offers an opportunity to expand the knowledge of CVST re-
sulting from this single-center analysis. The data on CVST ob-
tained from the NHF Registry in Poland are comparable with 
the data obtained in Europe.

The present study had some limitations. The retrospective and 
registry-based design of the study allowed us to analyze only 
the variables entered into the registry. Thus, many important 
clinical data, such as risk factors and treatment were not an-
alyzed. Another limitation was the small number of patients 
with CVST; however, due to the rarity of the disease, we found 
the sample size sufficient, especially in reference to the other 
available data. In Poland, there is no unique registry for pedi-
atric CVST; therefore, in the present study, the NHF database 
was screened using the ICD-10 I67.6 (nonpyogenic thrombosis 
of an intracranial venous system) code. This may have result-
ed in some coverage errors, such as misclassification or omis-
sion of some patients. NHF data are collected for accounting 
purposes and could be subjected to bias resulting from lim-
ited reporting of the patient’s situation in the facility, which 
concentrates mainly on financial settlements, but lacks clini-
cal and laboratory data on the disease for which the patient 
is currently hospitalized and comorbidities.
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Conclusions

Polish registry data showed that from 2013 to 2020, CVST was 
more commonly diagnosed in male adolescents between 15 
and 18 years of age who presented as emergency hospital ad-
missions. There were regional differences in incidence and du-
ration of hospital stay and healthcare costs between patients.
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