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ABSTRACT

ARTCLE HISTORY

Objective: Deep neck space infections (DNSI), caused by the spread of an odontogenic infection to the
floor of the mouth and neck, are potentially life-threatening but preventable. We explored the total cost of
iliness (COI) for patients with DNSI of odontogenic origin.

Material and methods: Cross-sectional, register-based, multi-centre study of the health economics of DNSI
treatment. Included were patients aged > 18 years who were treated in hospital for DNSI of odontogenic
origin. Subjects were identified from the regional healthcare database VEGA based on the International
Classification of Diseases (ICD) codes and surgical procedure codes. The cost per patient (CPP) values for
the hospital care, prescription medications and sick leave were extracted.

Results: In total, 148 patients were included. The average length of the hospital stay was 6 days. Total COI
was estimated as 15,400 EUR per patient and 2,280,000 EUR in total. Direct costs accounted for 93% of the
COlI, and indirect costs were 7%.

Conclusion: The total COI for patients with DNSI of odontogenic origin was six-fold higher than the aver-
age COl for patients in otorhinolaryngology (ORL) care. Preventing DNSI will entail substantial cost savings
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for the specialised healthcare units and will have a significant impact on the patients.

Introduction

A deep neck space infection (DNSI) is a severe complication of a
local infection in the mouth, throat or the teeth, including infec-
tion following a dental procedure, which spreads into the floor
of the mouth and into the deep compartments of the neck [1,2].
If left untreated, DNSI is fatal in more than 60% of patients [3].
For patients with DNSI who do receive treatment, the mortality
rate is 5% [4], which increases to 20-30% if intensive care is
needed [5] or if tracheotomy is required [6]. Severe complications
of DNSI include airway obstruction, sepsis, cervicofacial necrotis-
ing fasciitis, internal jugular vein thrombosis and mediastinitis [7].

It has been estimated that DNSIs of odontogenic origin affect
47.7% of all patients with DNSI, thus representing the majority
of all patients with DNSI [1]. The odontogenic origin may
involve apical periodontitis, periodontitis, pericoronitis and
complications after dental procedures, such as tooth extraction
and other odontogenic interventions. Other sites of origin of
DNSI are the submandibular gland and the tonsils.

Patients with DNSI are resource-demanding for healthcare
providers. Knowledge of the costs related to DNSI is important in
order to plan and allocate healthcare resources. In Sweden, as in

many other countries, patients with DNSI are admitted to an
otorhinolaryngology (ORL) clinic, and most of these patients are
treated with a combination of antibiotics and surgery. In the
case of DNSI of odontogenic origin, a team of ORL surgeons and
oral surgeons treats the patients. The complex anatomy of the
floor of the mouth and the neck and its different muscular spaces
and compartments and the proximity with the airway and
several larger blood vessels and nerves, makes DNSI a clinical
challenge. Itinvolves the need to acquire an accurate radiological
and clinical picture of the extent and spread of the infection and
to choose the appropriate antibiotics and surgical approach.
A mean hospital stay of 6.6 days has been reported [8], and
having patientsin hospital care has been shown to be particularly
resource demanding. In 2017, the total costs associated with all
inpatient care in Sweden were estimated at 9.5 billon EUR (102
billion SEK [Swedish kronor]), corresponding to approximately
20% of total healthcare expenditures in Sweden [9]. It is,
therefore, reasonable to assume that the treatment of DSNI,
which requires patients to spend up to 1 week in hospital, is
associated with high costs. However, this aspect has not been
previously studied in a comprehensive way. In a study from
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Canada involving a small patient sample (N=9), the direct costs
per patient with DNSI requiring surgical drainage amounted to
21,639 USD in 2013 [10]. In a study conducted in Australia that
included 462 patients with DNSI of odontogenic origin, the
mean cost per patient (CPP) was 12,228 AUD in 2020 [11].

The aim of the present study was to estimate the total cost of
iliness (COI) based on data acquired from several unique
databases related to individual healthcare utilisation in Sweden.
The COI analyses includes both direct costs generated by the
hospital care and the medicines, and indirect costs linked to the
patients being unable to perform work or studies during their
illness, as well as the distribution of these costs.

Methods

This is a cross-sectional, register-based study of the total COI for
all adult patients with DNSI of odontogenic origin who were
treated in a hospital in the Vdstra Gotaland region (VGR) in 2019.
The VGR is the second-largest region in Sweden, with a popula-
tion of 1.71 million (year 2019). Five major hospitals provide spe-
cialised emergency healthcare for patients with DNSI. Since this
is a register-based study, no informed consent was needed, in
accordance with the approval granted by the Swedish Ethical
Review Authority (Dnr. 2021-04621).

Inclusion criteria

All patients aged > 18 years registered in the VEGA database (see
below) for in-hospital care of a DNSI of odontogenic origin in the
VGR in 2019 were eligible. They also had to meet one or both of
the following criteria: (1) hospitalisation at an ORL clinic in the
VGR; or (2) collected at least one course of prescribed antibiotics
aimed at treatment of a DNSI of odontogenic origin within
3 days before hospitalisation or 1 day after discharge (based on
data from the Digitalis database).

Deep neck space infection of odontogenic origin was
identified in the VEGA database with the International Statistical
Classification of Diseases and Related Health Problems (ICD)-10
codes or the medical/surgical procedure codes, the so-called
KVA (klassifikation av Gtgdrd-KVA) codes used in the VGR. The
ICD-10 codes used for inclusion were; K.04.0, pulpitis; K04.4,
acute apical periodontitis of pulpal origin; K04.5, chronic apical
periodontitis; K04.6, periapical abscess with sinus; K04.7,
periapical abscess without sinus; K10.2, inflammatory conditions
of jaws; and K12.2, cellulitis and abscess of mouth.

The KVA codes used for inclusion were: ECA10, incision and
drainage through gingiva; EDAQO, incision lower jaw; EEAQO,
incision upper jaw; EHAOO incision palate, EJAQQ, incision tongue
or floor of the mouth; and QAA10, incision head-neck region.

Patients with ICD-10 codes related to infections originating
from the submandibular gland or the tonsils were not included.

Prescribed antibiotics were identified in the Digitalis database
with the Anatomical Therapeutic Chemical (ATC) codes: JO1CFO05,
JO1FFO1,J01CA08,JO1FFO1,JOT1EEQ1,JOTMAO02, JO1CR0O2, JO2ACOT1,
JOTXEO1, JO1DBO5, JO1XA02, JO5AB0O1, JO1MA14, JO1XCO1,
JO5AB11, J02AC04, JO1AA04, JOTEAO1, JOTFAO01, and JO5AHO02.

Databases

VEGA is a regional, administrative healthcare database that con-
tains data on all healthcare contacts (primary, specialised, out-
patient and inpatient) registered for the population of the VGR.
The database also includes information on the residential
address, age and sex of each subject, and an estimated individ-
ual CPP related to their healthcare use.

Digitalis is a regional database of all drugs collected at a
pharmacy, as prescribed for the population in the VGR (within or
outside the VGR). Medications are categorised according to the
ATC classification system.

Férsdkringskassan (The Swedish Social Insurance Agency) is a
tax-financed, national public insurance authority that provides
welfare during sick leave. The first 14 days of sick leave are paid
directly by the employer and are not registered in this system.

col

The COl is a validated tool for describing the economic conse-
quences of diseases (SBU - Swedish Agency for Health
Technology Assessment and Assessment of Social Services,
2017). Both direct and indirect costs are included in the COI.

Direct costs and CPP

Direct costs are the costs for hospitalisation, surgery and medi-
cines used in hospital care, as well as the costs related to outpa-
tient visits. The direct costs were extracted from the VEGA
database as CPP. Cost per patient is a validated method for cal-
culating healthcare costs per contact and patient in Sweden
[12]. It includes information on the type of care provided and
the resources used at each care contact in the outpatient and
inpatient settings, including expenses related to premises, med-
ical equipment, health personnel, materials, sampling, examina-
tions, drugs administered while admitted to the hospital,
administration, among others. Excluded from the CPP are costs
related to ambulance services, healthcare journeys (between
home and the healthcare provider), prescription drugs and the
specialised dental care, including oral surgery and oral radiol-
ogy (computed tomography [CT] scan performed by neuroradi-
ology is included in the CPP, but not additional oral radiology
when needed).

The costs for collected medications that were prescribed
within 3 days before admittance to the hospital and 1 day after
discharge from the hospital were identified in the Digitalis
database.

Any visit to the ORL department for outpatient care within 14
days after leaving the hospital in connection with a DNSI
diagnosis was classified as care related to the DNSI diagnosis
and was included in the direct costs using CPP.

The cost for oral surgery is not included in the CPP. This cost
was calculated on the basis of the average total estimated time
spent on a typical patient with DNSI of odontogenic origin not
requiring intensive care, up to a mean of 10 hours (excluding
stand time). This included the costs per hour for a dental



specialist and nurse, based on the hourly wage costs in the
Swedish public dental care system (Folktandvdrden, VGR) in 2019.

Indirect costs

The indirect costs were calculated using the human capital
approach [13]. According to this approach, the indirect costs
from sick leave were calculated using the average future earn-
ings of the patients while on sick leave. For the majority of the
patients who had sick leave shorter than 14 days, these costs
were based on age- and sex-adjusted mean wages given by
Statistics Sweden plus the additional social security contribu-
tions made by the employers. The days spent in hospital care
were regarded as sick leave and calculated accordingly. For the
patients who had sick leave longer than 14 days, the specific
individual costs were provided by the Swedish Social Insurance
Agency. Additional costs for the first 14 days were then added
for these patients, as they are required in order to obtain reim-
bursement from the Swedish Social Insurance Agency.

The main results from this study are presented, using the
annual average exchange rate from the Swedish Central Bank
for year 2019 (1 EUR=10.5892 SEK).

Statistical analysis

Descriptive tables are provided for all the variables. Continuous
variables are presented as means or medians, with standard
deviations and, where appropriate, the sum. Categorical varia-
bles are presented as frequencies [number of cases (N)] and per-
centages (%), or only as percentages of the total number of
patients observed in each category. A COIl analysis has been
applied using the Stata ver. 17.0 software (Stata Corp LLC, 2017).
As some individuals had missing data on the CPP in primary and
specialised outpatient care, it was necessary to impute the costs.

Results

In total, 148 individuals with DNSI of odontogenic origin (mean
age, 51.1 years; 53.4% women) were included in the study. More
than 80% of the patients were hospitalised at an ORL clinic in
the VGR. In all, 139 (94%) had one hospitalisation, 8 had two hos-
pitalisations, and 1 patient had three hospitalisations for DNSI in
2019. The average length of the in-hospital care for DNSI was
6 days (range, 1 to 40 days) (Figure 1). The mean total number
of collected prescriptions for antibiotics was 3. Overall, 12 indi-
viduals had DNSI-related sick leave benefits exceeding 14 days
and 1 individual had two separate sick leave periods, resulting in
a total of 13 observations. The number of sick leave days spent
in hospital ranged from 17 days to 365 days, with a mean of
59 days (median, 21 days).

Costs

The total COI was estimated at 15,433 EUR (163,411 SEK) per
patient with DNSI of odontogenic origin, and 2,284,014 EUR
(24,000,000 SEK) in total. The mean direct and indirect costs as
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Figure 1. Length of stay in hospital (days) for the patients with deep neck
space infections (DNSI) in Vastra Gotaland region (VGR) 2019 n=148, % of
patients on the y-axis.

well as the total COI are shown in Table 1 and Figure 2. The total
productivity losses were 166,010 EUR (1,760,000 SEK) for the 148
patients with DNSI, with a mean cost of 1,122 EUR (11,877 SEK)
per patient. The total production loss following sick leave for the
first 14 days was estimated as 39,427 EUR (417,500 SEK).

Indirect costs accounted for 7% and direct healthcare costs
for 93% of the total COI (Figure 3). The largest component of the
total COl was inpatient care, accounting for 69% of the total COI.

When adjusted to the year 2023 Swedish price level
(Statistics Sweden, 2024), the mean COI per patient was 17,187
EUR (197,324 SEK).

Discussion

Deep neck space infections of odontogenic origin, which is a
potentially preventable and serious disease, is in this study associ-
ated with a mean total COl of 15,433 EUR (163,411 SEK) per patient.
This is six-fold higher than the average COI for patients in the VGR.
More than 90% of the COIl was direct costs borne by the healthcare
system itself and, thus, affecting other in-hospital healthcare. Early
detection of patients at risk of developing DNSI could render sub-
stantial cost savings for the specialised healthcare units and signif-
icantly reduce the level of suffering for the patients.

The total COl calculated in the present study is comparable to
the COl values reported by Han et al. and Biron et al. [10,11], and
confirm that DNSI is costly especially if being of odontogenic
origin. Since 93% of the total COI was direct costs, this means
that most of the costs are carried by the healthcare system
directly. This affects the ability to deliver other healthcare
provided by involved in-hospital resources including oral
surgery and ORL. Patients with DNSI are typically admitted as
emergency cases. With an average in-hospital stay of 6 days of
unplanned highly specialised care, these patients are a challenge
both from the medical, odontological and financial points of
view. The average in-hospital stay for all ORL patients in the VGR
is two nights. The need for emergency surgical procedures and
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Table 1. COI per patient with DNSI of odontogenic origin (n=148) treated in hospital in VGR 2019, including direct, based on CPP, and indirect costs.

COl Cost component Mean CPP (SEK) Total cost for all Mean CPP (EUR) Total cost all % of total COI
patients (SEK) patients (EUR)
Direct costs Prescription drug use 715 105,755 67 9,987 0.4
(antibiotics)’
Follow-up outpatient visit 778 115,163 73 10,876 0.5
(ORL)
In hospital care 112,601 16,665,008 10,634 1,573,843 68.9
Oral surgeon care 37,440 5,541,060 3,536 523,298 229
Total direct costs 151,534 22,426,986 14,311 2,118,005 92.7
Indirect costs Production loss, > 14 days of 9,056 1,340,313 855 126,579 5.5
sick leave
Production loss, 14 first days of 2,821 417,522 266 39,431 1.7
sick leave
Total indirect costs 11,877 1,757,835 1,122 166,010 7.3
Cost-of-illness Total COI, 2019 163,411 24,184,821 15,433 2,284,014 100.0

The costs are presented in SEK and euros (€).

Note: Price Year 2019, 1 EUR=10.589 SEK. 'ATC codes: JO1CF05, JO1FFO1, JO1CA08, JO1FFO1, JO1EEO1, JOTMAO02, JO1CR02, JO2ACO1, JOTXEOT, JO1DBOS5,
JO1XA02, JO5ABO01, JOTMA14, J01XC01, JO5AB11, JO2AC04, JOTAA04, JOTEAO1, JOT1FAO1, JO5AHO2.

CPP: cost per patient; SEK: Swedish kronor; COI: cost of illness; ORL: otorhinolaryngology; VGR: Véstra Gotaland region; DNSI: deep neck space infections; ATC:

Anatomical Therapeutic Chemical.

other advanced care for cases of DNSI can result in the
cancellation or delay of planned surgery, as the hospital and oral
surgeon’s resources are limited. Therefore, it is important for
healthcare planners and decision-makers to be aware of the
impact of this disease. While patients with DNSI of odontogenic
origin are initially in outpatient care, when they progress from
outpatient care to in-hospital care, the COlI rises. According to
statistics from the VGR, the average healthcare cost (including
direct and indirect costs) per resident was 2,421 EUR (25,634
SEK) in 2019. This cost was calculated based on the average
healthcare expenses for the whole population in the VGR. The
mean COI per patient with DNSI in 2019 was almost six-fold
higher. In Sweden, patients with DNSI are typically admitted to

0.51%, 73€ 0.47%, 67€

24.71%, 3536 € —

74.31%,
10634 €

Oral surgeon care

W Hospitalization
W Outpatient care ORL M Prescribed collected antibiotics

Figure 2. Mean cost per patient (CPP) in Swedish kronor (SEK) in 2019 value
per patient with DNSI of odontogenic origin hospitalised in Vastra Gotaland
region (VGR). Costs are stratified by cost for hospitalisation, cost for oral sur-
geon care., out-patient follow up visits and collected prescribed medicines.
Cost in SEK and % of total mean CPP. ORL: otorhinolaryngology.

an ORL clinic. The five ORL clinics that treat patients with DNSI in
the VGR have 6-16 beds available per night to cover the needs
of all acute and elective ORL patients who require hospital care.
The mean duration of hospital stays for the 148 patients in this
study corresponds to allocating all the available ORL in-hospital
beds in the VGR to patients with DNSI for 4 days in a single year.

A major strength of the present study is the available register
data from several regional and national databases. The unique

Total COl in 2019
Direct and indirect costs
7%

93%

[ Direct costs M Indirect costs

Figure 3. The distribution of total cost of illness (COI) on direct health care
costs and indirect costs for lost production in 148 hospitalised patients with
deep neck space infections (DNSI) of odontogenic origin in Véstra Gotaland
region (VGR), Sweden in 2019.



VEGA register contains all patient contacts with healthcare
within the VGR, as well as the linked individual CPP values. The
registration of these data (the ICD-10 KVA codes) is mandatory,
therefore missing data are unlikely. We defined DNSlaccording
to the codes related to odontogenic infections used in the
VGR when treating DNSI of odontogenic infection in
hospitalised patients. The most common ICD-10 code used
for DNSI of odontogenic origin in the VGR is K12.2, cellulitis
and abscess of mouth (N=60), as a single code. However,
without additional codes being registered, origins other than
odontogenic (such as peritonsillar or submandibular origin)
cannot be definitively excluded. When matching the patients
in this study with the clinical data available to us from one of
the hospitals involved (SU), 89% of the patients who were
coded as K12.2 as a single diagnosis had DNSI of odontogenic
origin. We excluded patients with DNSI codes related to
submandibular gland and tonsils.

The mean number of collected prescriptions in relation to
the DNSI hospitalisation was three. In some cases, patients with
DNSI have received antibiotics before admission to the hospital
and most of the patients were discharged with oral antibiotics
after receiving intravenous antibiotics at the hospital. Oral
antibiotics are relatively inexpensive, with a modest mean cost
of 67 EUR (715 SEK) per patient. Only 40 of the 148 patients
attended a follow-up visit to outpatient specialist ORL care. The
likely reason for this is that patients with DNSI of odontogenic
origin are seen either in specialised dental care or by an ORL
surgeon at follow-up.

Prevention of DNSI is key to minimising patient suffering
and significantly reducing resource utilisation and expenditure.
Dental infections and dental procedures are common in all
age groups, in both men and women. In this context, it is
interesting that this study was conducted in a country with
one of the world’s most generous public dental healthcare
programmes, where all citizens have access to regular,
reimbursed care from a public dentist. Two previous studies
on COl for patients with DNSI were from countries with mainly
private dental care programmes, and they showed similar
results. For comparison, a dental procedure such as a difficult
tooth extraction has a reference price of 156 EUR [1,655 SEK
(2023)] in Sweden. If it develops into a DNSI the total COI
corresponds to 99 difficult tooth extractions. Therefore, early
treatment and prophylaxis are of fundamental importance for
decreasing resource wastage.

Some of the data in this study had to be estimated. The data
on oral surgery are not included in the CPP and data on short-
term sick leave (< 14 days) were not available to us. The cost per
hour of oral surgery is based on the average income of dental
staff during office hours, even though treatments are often
administered after office hours, at nights and during weekends.
This could have led to an underestimation of the real costs. The
majority of the patients in this study were of working age, and
we calculated the in-hospital stay as a period of sick leave for the
patients. However, we did not have any data on sick leave days
beyond that, except for 12 patients. These 12 patients were
registered for sick leave benefits at the Swedish Social Insurance
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Agency, extending the first 14 days; for them, the entire sick
leave period could be calculated. It is unlikely that few, if
any, of the other patients went straight back to work from
the hospital. Accordingly, the indirect costs calculated in
this study, representing 7% of the total COI, can be expected
to be somewhat higher than 166,010 EUR (1,757,835 SEK)
per patient.

Limitations

Missing data and the risk of misreporting ICD codes are poten-
tial risks in a register-based study, since the registers and data-
bases rely on information that is collated from administrative
systems [14]. These errors can lead to inaccurate or inconsistent
information being entered in the register and can have nega-
tive impacts on the data quality and reliability of the analyses
and research based on these codes. Finally, healthcare costs
paid directly by the patients are not included in this COI analy-
sis, which may underestimate the economic burden of DNSI.

Conclusion

The estimated COI for DNSI of odontogenic origin in this
study was 2.28 million EUR (24,180,000 SEK), with a mean CPP
of 15,400 EUR (163,400 SEK) per patient. Direct costs
accounted for 93% of the expenses, primarily driven by inpa-
tient care, while indirect costs made up 7% of the cost, being
mainly related to production losses during sick leave. Deep
neck space infections of odontogenic origin is a potentially
preventable severe complication associated with dental dis-
eases and procedures, and it results in high costs for health-
care systems.
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