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Abstract

Background: Inflammatory biomarkers, including C-reactive protein, erythrocyte sedimentation rate, neutrophil to
lymphocyte ratio, platelet to lymphocyte ratio, and the systemic immune-inflammation index, have been proposed
as prognostic factors diverse pathologies. However, their application for deep neck infections has yet to be clarified.
Material and Methods: We performed a retrospective study of 163 adult patients with diagnosis of deep neck infec-
tions with the aim to evaluate the association between serological biomarkers with complications and outcomes of
patients with DNI. Studied variables included demographic data, complications of DNI, outcomes, complications
and death of the included subjects. The evaluated serological biomarkers were hemoglobin, leukocytes, neutrophils,
lymphocytes, platelets, glucose, creatinine, albumin, CRP, and ESR. NLR, PLR, and SIII index were estimated.
Results: The patients’ mean age was 40.6 + 15.3 years. Complications of DNI were observed in 19.6% (n=32) pa-
tients, being the need for tracheostomy due to airway obstruction (11%, n=18) and mediastinitis (8.6%, n= 14) the
most common. Evaluated subjects had an increased value of serological biomarkers (SII index 2639.9 + 2062.9,
NLR 11.3 £ 8.5, PLR 184.1 = 108.5, CRP 12.6 + 8.9 mg/dL, ESR 20.7 + 9.1 mm/h). Patients with complications
had a significantly higher value of all inflammatory parameters (p < 0.05). A SII index cut-off value of 2975 was
selected from a ROC curve analysis. A sensitivity of 93.8%, specificity of 86.3%, a positive predictive value of
62.5%, and a negative predictive value of 98.3% are reported. The SII index was found to have an increased posi-
tive predictive value compared to NLR, PLR, and CRP for DNI complications.

Conclusions: Our analysis concluded that the SII index, NLR, and PLR are valuable biomarkers to assess the risk
of complications from DNI. SII index showed a high accuracy for prediction of DNI complications with a cut-off
value of 2975.
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Introduction

Deep neck infections (DNI) are a common pathology
characterized by a prompt infection progression involv-
ing deep cervical spaces or fascial planes of the neck
(1). DNI are associated with morbid and lethal compli-
cations, such as mediastinitis, septic thrombophlebi-
tis, pericarditis, and obstructed airway, among others
(2). The odontogenic origin of DNI remains the most
common cause, reported between 20.5% to 88.7% (3-
5). Other causes include acute pharyngeal infections,
cervicofacial trauma, a bacterial infection of branchial
arch remnants, and tuberculosis (4).

Several clinical and serological factors have been stud-
ied to determine severity, prognosis, complications,
need for surgical debridement, and death in patients
with DNI. The presence of dyspnea, stridor, trismus,
and crepitus have been described as signs of severity
and the need for hospitalary admission (6). Inflamma-
tory biomarkers of severity have been proposed as
prognostic factors in sepsis and infections, including C-
reactive protein (CRP) (7), erythrocyte sedimentation
rate (ESR) (6), neutrophil to lymphocyte ratio (NLR)
(8, 9), mean platelet volume (MPV) (10), platelet to
lymphocyte ratio (PLR) (11), and the systemic immune-
inflammation index (SII index) (12). However, their ap-
plication for DNI has yet to be clarified.

The aim of this study is to evaluate the association be-
tween serological biomarkers, including hemoglobin,
leukocytes, neutrophils, lymphocytes, platelets, glu-
cose, creatinine, albumin, CRP, ESR, NLR, PLR, and
SII index with complications and outcomes of patients
with DNL

Material and Methods

This retrospective study was conducted in the Uni-
versity Hospital “Dr. Jose E. Gonzalez”. The research
protocol was approved by the local Research and Insti-
tutional Ethics Committee. The authors assert that all
procedures contributing to this work comply with the
ethical standards of the relevant national and institu-
tional guidelines on human experimentation and with
the Helsinki Declaration of 1975, as revised in 2008.

- Subjects

This study included patients over 18 years old with a
diagnosis of DNI in the hospital database with the In-
ternational Statistical Classification of Diseases 10th
revision (ICD-10) code L02.1. Exclusion criteria in-
cluded pregnancy, superficial neck infections, surgical
or penetrating infected neck wounds, congenital neck
malformations, patients with a history of neck surgery,
head and neck cancer, radiotherapy, chemotherapy, in-
complete medical records, and loss of follow-up after
discharge. Data were extracted from medical records
using a standardized data collection form. All authors
contributed to data retrieval, and an independent author
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adjudicated any difference in interpretation between the
data extractors.

- Anthropometric and biochemical measures

Studied variables included demographic data, days of
stay, number of involved neck spaces, complications
of DNI, need for surgical reintervention, outcomes,
and death of the included subjects. The evaluated se-
rological biomarkers were hemoglobin, leukocytes,
neutrophils, lymphocytes, platelets, glucose, creatinine,
albumin, CRP, and ESR. NLR (13) and PLR (14) were
estimated as previously described. SII index was calcu-
lated according to the formula proposed by Hu et al. (SII
=NLR x platelets) (15).

Radiological evaluation was assessed by a head and
neck radiologist by computed tomographies obtained
from the University Hospital “Dr. Jose E. Gonzalez”
Diagnostic Radiology Department’s database.

- Statistical analysis

Statistical analysis was performed using SPSS V25.0
(Armonk, NY: IBM Corp). Categorical variables are re-
ported as percentages and frequencies; continuous vari-
ables are reported as means and standard deviations.
Categorical variables were compared using Pearson’s
x2 test or Fisher’s exact test for 2 x 2 tables. An unpaired
Student’s t test or Mann-Whitney U test were used to
compare continuous variables. P < 0.05 was considered
statistically significant. ROC curves were performed to
determine the sensitivity, specificity, positive and nega-
tive predictive value of the SII index, LNR, PLR and
CRP. Spearman's coefficient correlation test was used
to determine the correlation of SII index to distinct pa-
rameters of systemic inflammation.

Results

A total of 163 patients with a diagnosis of DNI were
included in the study. The patients mean age was 40.6 £
15.3 years. The most common comorbidity was diabetes
mellitus in 30.7% (n=50) of cases. The primary cause of
DNI were odontogenic infections (82%, n= 139), pha-
ryngeal infections (12.9%, n= 21), and neck and man-
dibular trauma (4.9%, n= 8). Bilateral involvement of
DNI was seen in 7.4% (n= 12) of cases. Complications
of DNI were observed in 19.6% (n=32) patients, being
the need for tracheostomy due to airway obstruction
(11%, n=18) and mediastinitis (8.6%, n= 14) the most
common. The mortality rate was 5.5% (n=9) (Table 1).
- Inflammatory serological biomarkers

Clinical and serological characteristics were compared
between patients with and without complications. Over-
all, evaluated subjects had an increased value of sero-
logical biomarkers (SII index 2639.9 +£2062.9, NLR 11.3
+ 8.5, PLR 184.1 + 108.5, CRP 12.6 + 8.9 mg/dL, ESR
20.7 £ 9.1 mm/h). Patients with complications had a sig-
nificantly higher value of leucocytes, neutrophils, SII
index, NLR, PLR, CRP, and ESR (p < 0.05) (Table 2).
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Table 1: Patient demographics, clinical characteristics, and outcomes.

Serological inflammatory biomarkers in deep neck infections

Total (n =163)
Male gender, n (%) 107 (65.6)
Age (years), mean (SD) 40.6 £ 15.3
Comorbidities, n (%) 54 (33.1)
No comorbidities, n (%) 109 (66.9)
Diabetes mellitus, n (%) 50 (30.7)
Systemic hypertension, n (%) 29 (17.7)
Right, n (%) 85 (52.1)
Cervical involvement | Left, n (%) 66 (40.5)
Bilateral, n (%) 12 (7.4)
Spaces involved, median (IQR) 2 (2-3)
Odontogenic, n (%) 134 (82.2)
Etiology Pharyngeal infections, n (%) 21 (12.9)
Clinical Trauma, n (%) 8 (4.9
characteristics
Cervical pain, n (%) 141 (86.5)
Fever, n (%) 117 (72.4)
Symptomatology Dysphagia, n (%) 93 (57.1)
Odynophagia, n (%) 89 (54.5)
Trismus, n (%) 22 (13.5)
Otalgia, n (%) 21 (12.9)
Complications 32 (19.6)
Mediastinitis, n (%) 14 (8.6)
Airway obstruction, n (%) 16 (9.8)
Complications Airway obstruction with need for urgent tracheostomy, n (%) 2(1.2)
Lemierre’s syndrome, n (%) 1 (0.6)
Ludwig’s angina, n (%) 8 (4.9)
Death, n (%) 9(5.5)

SD: standard deviation, IQR: intequartile range.

Table 2: Clinical characteristics and serological data associated with deep neck infections complications.

No complications (n=131) | Complications (n= 32) p Value
Male gender, n (%) 85 (64.9) 22 (68.8) 0.68
Age (years), mean (SD) 30.1 (15.4) 46.8 (13.5) <0.0001*
Hospitalary stay (days), median (IQR) 503B3a7) 12.0(7a 17) <0.0001*
Spaces involved, median (IQR) 2.0(1a27) 4.0(3a6.5) <0.0001*
Odontogenic, n (%) 104 (79.4) 30 (93.8) 0.058
Etiology Pharyngeal infections, n (%) 20 (15.3) 1(3.1) 0.067
Trauma, n (%) 7 (5.3) 1(3.1) 0.6
Hemoglobin g/dL, mean + SD 13.9 (1.5) 11.5 (2.0) <0.0001*
Leukocytes x 10”3, mean + SD 14.6 (4.6) 22.0 (6.2) <0.0001*
Neutrophils x 10"3, mean + SD 12.1 4.3) 19.9 (5.8) <0.0001*
Lymphocytes x 10"3, mean + SD 1.7 (0.5) 1.0 (0.4) <0.0001*
Platelets x 103, mean + SD 229.3 (76.0) 256.2 (77.8) 0.07
. SIT index, mean + SD 1900.2 (1319.0) 5668.0 (1817.4) <0.001*
Serological -
biomarkers NLR, mean + SD 8.3 (5.0) 23.7 (9.0) <0.001
PLR, mean + SD 155.2 (76.1) 303.2 (140.9) <0.001*
Glucose mg/dL, mean + SD 99.9 (30.6) 201.5 (91.6) <0.001*
Creatinine mg/dL, mean = SD 0.8 (0.3) 1.3 (0.4) <0.001*
Albumin g/dL, mean + SD 3.6 (0.4) 2.6 (0.4) <0.001*
CRP mg/dL, mean + SD 9.7 (6.3) 24.5 (6.5) <0.001*
ESR mm/h, mean + SD 19.6 (9.2) 25.8 (7.1) 0.0005*

SD: standard deviation, IQR: interquartile range, SII: systemic immune-inflammation, NLR: neutrophil to lymphocyte ratio, PLR: platelet to

lymphocyte ratio, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate.* Statistically significant (p < 0.05).
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- Systemic Immune-Inflammation Index as a predictor
for complications

A SII index cut-off value of 2975 was selected from
a ROC curve analysis. A sensitivity of 93.8%, speci-
ficity of 86.3%, a positive predictive value of 62.5%,
and a negative predictive value of 98.3% are report-
ed. The SII index was found to have an increased
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positive predictive value compared to NLR, PLR, and
CRP for DNI complications (Fig. 1). Efficiency of se-
rological biomarkers can be observed in Table 3. A
higher value of the SII index was associated with an
increased risk of mediastinitis, airway obstruction,
need for surgical reintervention, and death (p <0.001)
(Table 4).
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AUC: area under the curve, p < 0.001.

Fig. 1: ROC curve, sensitivity represents true-positive results, specificity-1 represents the false-positive results. A)
The best cut-off value of SII index for high-risk of DNI complications was 2975 in the evaluated patients. B) NLR
cut-off value for high-risk of DNI complications was 11. C) PLR cut-off value for high-risk of DNI complications was
175. D) CRP cut-off value for high-risk of DNI complications was 12.3.

Table 3: Cut-off value and efficiency of inflammatory serological biomarkers for high-risk of DNI complications.

SII index NLR PLR CRP
Cut-off value 2975 11 175 12.3
Sensitivity, % 93.75 93.75 93.7 100
Specificity, % 86.26 83.97 73.3 78.6
PPV, % 62.5 577 46.2 533
NPV, % 98.3 98.2 98 100

SII index: Systemic immune-inflammatory index, NLR: neutrophil to lymphocyte ratio, PLR: platelet to lymphoyte ratio, CRP:
C-reactive protein, PPV: positive predictive value, NPV: negative predictive value.
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Table 4: SII index as a high-risk biomarker for DNI complications.

Serological inflammatory biomarkers in deep neck infections

OR (CI 95%) p Value
Complications 1.01 (1.007-1.013) <0.0001*
Mediastinitis 1.0007 (1.004-1.009) <0.0001*
Airway obstruction 1.06 (1.04 - 1.08) <0.001*
Airway obstruction with need for urgent tracheostomy 1.0 (0.998-1.008) 0.31
Lemierre’s syndrome 1.0 (0.99-1.001) 0.34
Ludwig’s angina 1.06 (1.02-1.09) 0.002%*
Death 1.06 (1.03-1.1) <0.001*
Need for surgical reintervention 1.04 (1.02-1.07) <0.001*

OR: Odds ratio, CI: confidence interval; * Statistically significant (p < 0.05).

Discussion

DNI represent a significant cause of morbidity and mor-
tality, mainly in underdeveloped countries. DNI of den-
tal origin continue to be common despite the range of
available treatment options and worldwide campaigns
on the prevention and treatment of dental disease. We
performed a retrospective study of 163 patients with
DNI diagnosis in a tertiary referral hospital. We com-
pared the predictive value of inflammatory serological
biomarkers (SII index, NLR, PLR, and CRP) for DNI
complications. NLR, PLR, CRP, and SII index showed
high accuracy for DNI complications.

Biomarkers are valuable for the evaluation of inflamma-
tory activity in acute infections. Apoptosis of B-cells
and T-cells causes lymphocyte depletion, which is as-
sociated with nosocomial infections, bacteremia, and
mortality (16, 17). Furthermore, neutrophilia combined
with systemic neutrophil activation can contribute to
organ damage during sepsis (18). As the final event in-
volves an increase in neutrophil counts and a decline in
lymphocyte counts, distinct leukocyte ratios have been
proposed as markers of infection and possible underly-
ing immune dysfunction (19).

The NLR has been reported as a marker of infection
and sepsis, a predictor of appendicitis, cardiovascular
diseases, and malignancies (20 - 24). Previous studies
have evaluated the role of NLR in DNI. Baglam et al.
proposed a cut-off value of 5.4 as a predictor of DNI as
a complication of acute bacterial tonsillitis in pediatric
patients (25). On the other hand, Gallagher et al. pro-
posed the NLR as a biomarker for an increased length of
stay in patients with odontogenic DNI (8). Ban et al. pro-
posed NLR as an indicator of surgical drainage of DNI.
They reported a NLR cut-off value of >8.02 as a predic-
tor for the need for incision and drainage management
of DNI. Other associated variables included peripheral
rim enhancement of hypodense area on computed to-
mography, increased CRP (>41.25 mg/L), and increased
ESR (>56.6 mm/h) (9). We identify a cut-off value of
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11 associated with a high risk of DNI complications.
PLR has also been studied as a marker for distinct car-
diovascular (26), sepsis (27), rheumatological (28), and
oncological diseases (29). However, its role in DNI was
not previously studied. We observed significant higher
values in PLR in patients with DNI complications com-
pared with patients with no complications. We report a
cut-off value of PLR of 175 with a positive predictive
value of 46.2% and a negative predictive value of 98%.

Recently, the SII index was developed as an indicator
to reflect the balance of the inflammatory response and
immune status of the host. Although the utility of SII
index was first described by Hu et al. to predict the re-
currence of hepatocellular carcinoma (15), its value has
been studied in distinct pathologies, such as sepsis (19)
and dental infections (30), among others. However, the
role of SII index in DNI had not been previously evalu-
ated. In our study, the SII index was associated with a
higher risk of mediastinitis, airway obstruction with the
need for tracheostomy, need for surgical reintervention,
and death. Additionally, patients with complications had
a significant higher value of leucocytes, neutrophils, SII
index, NLR, PLR, CRP, and ESR. We propose a cut-off
SII index value of 2975 as a predictor for high risk of
complication in DNI.

As SII index and the studied leukocyte ratios are de-
rived from the values of neutrophils, lymphocytes, and
platelets, it can be calculated at admission to identify
patients with a high risk of complications. The avail-
ability and low cost of these tests make them useful in
the evaluation of DNI in the emergency department to
predict and evaluate the severity of the disease, possible
complications, and the need for early surgical debride-
ment.

Limitations of the study should be considered. This
study had a retrospective design and was conducted in a
single center. To our knowledge, this is the largest study
assessing different inflammatory serological biomark-
ers and their association with DNI complications.
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Conclusions

Our analysis concluded that the SII index, NLR, and
PLR are valuable biomarkers to assess the risk of com-
plications from DNI. SII index showed a high accuracy
for prediction of DNI complications with a cut-off val-
ue of 2975. The availability and low cost of these tests
make them useful in the evaluation of DNI to predict
and evaluate the severity of the disease, possible com-
plications, and the need for early surgical debridement.
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