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ABSTRACT
Background: Procalcitonin (PCT) is widely used as an inflammatory marker in sepsis, but still 

controversial in deep neck abscesses. Purpose: To evaluate the usefulness of PCT as outcome predictor   
in deep neck abscess. Method: A prospective observational cohort study was conducted at Dr. M. Djamil 
Hospital, Padang, Indonesia (March 2022–May 2023). Patients with confirmed deep neck abscess by 
pus aspiration in the Emergency Department were included. Baseline laboratory and serum PCT tests 
were performed before surgical drainage. All patients received broad-spectrum antibiotics and standard 
postoperative care. Assessed outcomes were mortality, septic shock, organ failure, mediastinitis, empyema/
pleural effusion, necrotizing fasciitis, tracheostomy, pharyngocutaneous fistula, Intensive Care Unit 
>24 hours, and hospital stay. Result: Thirty-five patients met inclusion criteria. Multiple neck space 
involvement was found in 74.3%, and 93.4% underwent surgery. Mortality occurred in 28.6%, septic 
shock in 20%, mediastinitis in 14.3%, empyema/pleural effusion in 11.4%, necrotizing fasciitis in 8.6%, 
tracheostomy in 5.7%, fistula in 8.6%, and ICU stay >24 hours in 20%. Mean hospital stay was 9.03±7.90 
days. Mean admission PCT was 0.313±0.677 ng/mL, with 17.1% having elevated PCT>0.5 ng/mL. No 
significant correlation was found between PCT and overall outcome. However, Receiver Operating 
Characteristic (ROC) analysis showed PCT≥0.14 ng/mL, predicted <5-day mortality (sensitivity 85.7%, 
specificity 78.4%), Area Under Curve (AUC) 0.773, p=0.027). Conclusion: Procalcitonin showed 
potential as an adjunctive marker in deep neck abscess. Although low initial levels are frequent, they do 
not exclude severe complications, highlighting its role in early risk stratification and clinical decisions.
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ABSTRAK
Latar belakang: Procalcitonin (PCT) banyak digunakan sebagai penanda inflamasi pada sepsis, 

namun, pada kasus abses leher dalam masih kontroversial. Tujuan: Menilai kegunaan PCT sebagai 
prediktor luaran pada abses leher dalam. Metode: Penelitian kohort prospektif observasional di Rumah 
Sakit Dr. M. Djamil, Padang, Indonesia (Maret 2022-Mei 2023). Sampel adalah pasien dengan abses 
leher dalam yang dikonfirmasi melalui aspirasi pus di instalasi gawat darurat (IGD). Pemeriksaan 
laboratorium rutin dan tes PCT serum dilakukan sebelum intervensi bedah. Pasien kemudian 
ditatalaksana dengan pemberian antibiotik empiris spektrum luas, dan perawatan pasca-operasi standar.   
Luaran yang dinilai meliputi: mortalitas, syok septik, kegagalan organ, mediastinitis, empiema/efusi 
pleura, fasciitis nekrotikans servikal, trakeostomi, fistula faringokutan, rawat IGD>24 jam, dan lama 
rawat inap. Hasil: Sebanyak 35 pasien dengan abses leher dalam memenuhi kriteria inklusi. Keterlibatan 
multi ruang leher ditemukan pada 74,3%, dan 93,4% kasus menjalani pembedahan. Mortalitas terjadi 
28,6%, syok septik 20%, mediastinitis 14,3%, empiema/efusi pleura 11,4%, fasciitis nekrotikans 8,6%, 
trakeostomi 5,7%, fistula 8,6%, rawat IGD>24 jam 20%.  Rerata lama perawatan 9,03±7,90 hari. 
Rerata kadar PCT awal 0,313±0,677 ng/mL, dengan 17,1% kasus menunjukkan peningkatan PCT>0,5 
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INTRODUCTION

Deep neck abscesses (DNA) are 
severe infections characterized by pus 
accumulation, potentially involving multiple 
deep neck spaces. They can cause life-
threatening complications, such as upper 
airway obstruction, mediastinitis, Lemierre’s 
syndrome, carotid artery aneurysm or 
rupture, cervical necrotizing fasciitis, and 
pneumonia.1 Managing DNA remains 
challenging due to: Complex neck anatomy, 
complicating infection localization; Deep-
seated spaces that may leave superficial 
tissues unaffected, delaying diagnosis; Risk to 
vital neurovascular structures during surgical 
access; Potential residual complications, 
such as nerve dysfunction, vascular erosion, 
or osteomyelitis, due to surrounding tissue 
involvement;  and connection of deep neck 
spaces with other potential spaces, like the 
mediastinum, increasing the risk of extra 
cervical infections.1,2 

Systemic inflammatory markers are 
needed alongside clinical assessment to gauge 
disease severity, predict complications, and 
guide prognosis. Procalcitonin (PCT) has 
been recommended as an additional marker 
in sepsis cases, demonstrating high sensitivity 
in early detection of sepsis, and prediction of 
fatal outcomes in critically ill patients. PCT 
is also used to guide antibiotic cessation and 
differentiate bacterial from viral infections.3,4

In DNA cases, studies on PCT remain 
limited. Kameshwar et al.5 reported that 
elevated PCT levels correlate with prolonged 
hospital stays in DNA patients. 

This study aimed to evaluate the 
correlation between PCT levels and outcomes 
in DNA, while also providing data on patient 
characteristics and management outcomes at 
Dr. M. Djamil Hospital, Padang, to improve 
future treatment protocols.

METHOD

Thi s  s t udy  was  a  p ro spec t i ve 
observational cohort conducted at Dr. M. 
Djamil Hospital, Padang, Indonesia, from 
March 2022 to May 2023. The sample 
population included patients diagnosed with 
deep neck abscess (DNA), confirmed via 
pus aspiration under local anaesthesia in the 
Emergency Department.

The inclusion criteria were patients with 
a primary diagnosis of deep neck abscess 
treated at Dr. M. Djamil Hospital, aged 
18 old and above. The exclusion criteria 
were: uncomplicated peritonsillar abscess; 
superficial abscess or lymph node abscess; 
post-traumatic infections; and head and neck 
malignancies.

Routine laboratory tests and serum 
procalcitonin (PCT) levels were measured 
before surgical interventions, such as incision 

Procalcitonin thresholds and early mortality risk in deep neck abscess ORLI 2025 Volume 55 No. 2 

ng/mL. Tidak ditemukan hubungan antara PCT dan luaran keseluruhan. Namun, analisis kurva ROC 
menunjukkan nilai PCT≥0,14 ng/mL memprediksi mortalitas <5 hari (sensitivitas: 85,7%, spesifisitas: 
78,4%, AUC (Area Dibawah Kurva): 0,773, p=0,027). Kesimpulan: PCT berpotensi sebagai penanda 
tambahan pada kasus abses leher dalam. Meskipun kadar awal rendah sering ditemukan, namun tidak 
menyingkirkan risiko komplikasi berat, sehingga menegaskan perannya dalam stratifikasi risiko dini 
dan pengambilan keputusan klinis.  

Kata kunci: abses leher dalam, procalcitonin, mediastinitis
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Based on Table 1, deep neck abscess 
cases were predominantly male, with a male-
to-female ratio of approximately 4.5:1 (29 
male cases vs. 6 female cases). The mean age 
of patients was 47.31 years, with the youngest 
being 19 years old and the oldest 75 years old. 

and drainage, with or without additional 
procedures like necrotomy or sternotomy. 
Patients were treated according to hospital 
protocols, including broad-spectrum empirical 
antibiotics, postoperative wound care, and 
supportive therapies as needed.

Patient outcomes were tracked until 
discharge, based on predefined criteria. 
Assessed outcomes included mortality, septic 
shock, organ failure, mediastinitis, empyema/
pleural effusion, cervical necrotizing fasciitis, 
tracheostomy, pharyngocutaneous fistula, 
ICU stay >24 hours, and length of hospital 
stay. 

This study was approved by the Health 
Research Ethics Committee of Dr. M. Djamil 
General Hospital, Padang, under ethical 
clearance number LB.02.02/5.7/332/2022.

RESULT

A total of 35 patients with deep neck 
abscess met the inclusion criteria.
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The most common age group was 18–40 years. 
Additionally, 42.9% of cases had comorbidities, 
with diabetes mellitus being the most frequent 
(34.3%).

Table 2. Symptoms and signs of respondents

Variable (N=35) n %
Onset of Disease Before 
Admission (mean) 6.03±3.87

Onset of disease <7 days 21 60.0
Onset of disease ≥7 days 14 40.0
Clinical Symptoms*
Difficulty opening mouth 31 88.6
Swelling 35 100.0
Odynophagia 18 51.4
Neck movement pain 12 34.3
Salty taste in mouth 18 51.4
Chest pain 7 20.0
Shortness of breath/dyspnea 5 14.3
Fever 31 88.6
Previous toothache 32 91.4
Clinical Signs*
Trismus 32 91.4
Tenderness/swelling 35 100.0
Fluctuation 35 100.0
Positive aspiration 35 100.0
Crepitation 7 20.0
Treatment >7 days 15 42.9
ICU stay >24 hours 7 20.0
Mean length of stay (days) 9.03±7.90

*Note: A patient may present with more than one 

Variable n %
Gender
Male 29 82.9
Female 6 17.1
Mean Age 47.31±16.376
Age Group
18–40 years 14 40.0
40–65 years 12 34.3
>65 years 9 25.7
Comorbidities* 15 42.9
Diabetes Mellitus 12 34.3
Hypertension 9 25.7

Table 1. Characteristics (n=35)

The mean onset of disease before admission 
was 6.03±3.87 days, with 60% of cases 
presenting within 7 days, and 40% after 7 days. 
Swelling was reported by all patients (100%), 
followed by difficulty opening the mouth 
(88.6%), fever (88.6%), and toothache history 
(91.4%). Other symptoms included odynophagia 
(51.4%), neck movement pain (34.3%), chest 
pain (20%), and dyspnea (14.3%). Clinical 
signs were consistent with deep neck abscess, 
including swelling, fluctuation, and positive 
pus aspiration, observed in all cases. Trismus 
occurred in 91.4% of patients, while crepitation 
was noted in 20%. Prolonged hospitalization 
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The majority cases (94.3%) involved 
the submandibular space, followed by the 
submental (51.4%) and suprasternal spaces 
(25.7%). Multiple-space involvement was 
observed in 74.3% of cases, with 48.6% 
involving 2–3 spaces, and 25.7% involving 
≥4 spaces. In contrast, only 25.7% of cases 
were confined to a single space.

A total of 51.7% of deep neck abscess 
cases experienced complications, while 
42.9% showed no complications. Mortality 
occurred in 10 cases (28.6%), and septic 
shock/organ failure was observed in 8 cases 
(22.8%). Mediastinitis was reported in 5 cases 
(14.3%), and pleural effusion/empyema in 4 
cases (11.4%). Tracheostomy was performed 
in 2 cases (5.7%). Other complications 
included necrotizing fasciitis (3 cases, 8.6%), 
pharyngocutaneous fistula (3 cases, 8.6%), 
and neurovascular injury (3 cases, 8.6%), 
specifically involving the mandibular branch 
of the facial nerve. Early mortality (≤5 days) 
occurred in 5 cases (14.3%).
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Tabel 3. Involved potential neck spaces (n=35)

Variable n %
Distribution of Involved 
Potential Spaces*
Submandibular 33 94.3
Submental 18 51.4
Sublingual 7 20.0
Parapharyngeal 8 22.9
Retropharyngeal 5 14.3
Paratracheal 8 24.2
Buccal/Masticator 8 22.9
Suprasternal 9 25.7
Peritonsillar 1 2.9
Number of Involved Spaces
Single space involvement 9 25.7
Multiple space involvement 26 74.3
2–3 spaces 17 48.6
≥4 spaces 9 25.7

*Note: A patient may present with more than one 
space involved.

Variable (n=35) n %
Complications (Overall) 18 51.7
No Complications 15 42.9
Mortality 10 28.6
Septic shock/organ failure 8 22.8
Pleural effusion/empyema 4 11.4
Mediastinitis 5 14.3
Airway obstruction requiring tracheostomy 2 5.7
Necrotizing fasciitis 3 8.6
Pharyngocutaneous fistula 3 8.6
Neurovascular injury 3 8.6
Early mortality (≤5 days) 5 14.3

*Note: A patient may present with more than one subcategory.

(>7 days) occurred in 42.9% of cases, with 
20% requiring ICU stays over 24 hours. 
The mean hospital stay was 9.03±7.90 days, 
ranging from 1 to 31 days.

Table 4. Distribution of complications in deep neck abscess patients*
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In the group with elevated procalcitonin 
levels (≥0.5 ng/mL), 3 cases (50%) 
experienced complications, while the other 
3 cases (50%) did not. Similarly, among 
cases with procalcitonin levels <0.5 ng/
mL, 12 cases (41.4%) also experienced 
complications. Based on the table above, 
there was no significant correlation between 
procalcitonin levels and outcomes in deep 
neck abscess (p > 0.05).

The Receiver Operating Characteristic 
(ROC) curve analysis evaluated the ability 
of Procalcitonin (PCT) and Neutrophil-to-
Lymphocyte Ratio (NLR) to predict early 
mortality (<5 days) in patients with deep neck 
abscess. PCT demonstrated a fair predictive 
performance, with an Area Under the Curve 
(AUC) of 0.773 (95% CI: 0.567–0.979, 
p=0.027). Conversely, the Neutrophil-to-
Lymphocyte Ratio (NLR) showed poor 
predictive value for early mortality, with 
an AUC of 0.436 (95% CI: 0.186–0.686, 
p=0.606). Further analysis identified a PCT 
threshold of ≥0.14 ng/mL as associated with 

early mortality risk in patients with deep 
neck abscess. At this cut-off value, PCT 
demonstrated a sensitivity of 85.7% and a 
specificity of 78.4%, with an AUC of 0.773 
(p=0.027).

DISCUSSION

The majority of deep neck abscess 
(DNA) cases were male (82.9%), with 
females comprising 17.1%, consistent 
with other studies reporting 60–80% male 
predominance.6,7 The mean age in this 
study was 47.31±16.376 years, aligning 
with Trevino et al.6, who reported a mean 
age of 41.79±15.48 years. Advanced age is 
associated with higher complication rates, 
prolonged hospital stays, and increased 
reoperation rates.8 Suetrong et al.9 found that 
patients >65 years had a 2.87-fold higher risk 
of complications (OR=2.87).

Nearly half of the patients (42.9%) had 
comorbidities, most commonly diabetes 
mellitus (34.3%) and hypertension (25.7%). 
This aligns with Almutairi et al.10, who 
reported comorbidities in 50% of DNA cases, 
with diabetes in 45.2% and hypertension in 
23.7%.10,11 Ho et al.12 reported that 41.98% of 
cases undergoing incision and drainage had 
diabetes. Comorbidities like diabetes, chronic 
obstructive pulmonary disease  (COPD), 
anemia, chronic kidney disease, and 
malnutrition, significantly increased the risk 
of complications. Suetrong et al.9 reported 
that diabetes raised the risk of complications 
(OR=4.97).   

Figure 1. ROC Curve

Procalcitonin 
(ng/mL)

No complications With complications p OR (95% CI)

<0,5 17 (58.6%) 12 (41.4%)
1.000

1.417 (0.243–8.256)

≥0.5 3 (50.0%) 3 (50.0%)

Table 5. Correlation between procalcitonin and outcomes in deep neck abscess (Chi-square test)
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Submandibular space involvement was 
the most common (94.3%), followed by 
submental space (51.4%). The mandibular 
roots’ proximity to the submandibular space 
facilitates infection spread to adjacent areas, 
such as the parapharyngeal and submental 
spaces.6,13,14 Retropharyngeal infections can 
extend to the mediastinum, increasing the 
risk of septic shock (OR=10.7).15 In our study, 
multiple deep neck space involvement was 
found in 74.3% of cases, with complications 
occurring in 88.5% of these cases. This 
proportion is higher than Trevino et al.6, who 
reported 36% multiple-space involvement.

Complications, both regional and 
systemic, were observed in 71.4% of patients, 
higher than the 10–40% reported in other 
studies.8,16 For example, an Italian study 
reported an 18.3% complication rate with a 
mortality rate of 0.3%,17 while a Latvian study 
found 11.4% complications.8 In developing 
countries like Mexico, complication rates 
were 28%.6 Arianto et al.16 in Indonesia 
reported complications in 40% of DNA cases. 
The high complication rate in this study may 
reflect the exclusion of simpler cases, such as 
peritonsillar abscess or cellulitis, resulting in 
a higher proportion of severe cases.

Correlation of Procalcitonin and outcomes

This study found that mean admission 
procalcitonin (PCT) levels in deep neck 
abscess (DNA) cases were low at 0.313±0.677 
ng/mL, with only 6 cases (17.1%) showing 
PCT≥0.5 ng/mL. Complications were 
observed in 71.4% of cases, yet no significant 
correlation was identified between admission 
PCT levels and patient outcomes. These 
findings highlight the limited predictive value 
of PCT in this cohort, particularly in the 
presence of prior treatments that might alter 
systemic inflammatory responses.

Kim et al.18 demonstrated higher PCT 
levels in odontogenic infections associated 
with sepsis, with diagnostic accuracy reaching 
83.33% sensitivity and 85.71% specificity 

(cut-off: 0.5 ng/mL). However, our study 
aligned more closely with Bertolus et 
al.19, who also reported low PCT levels in 
odontogenic infections, with only 9% of 
cases exceeding 0.25 ng/mL. PCT values 
may remain low in localized infections or 
in patients who received corticosteroids, 
NSAIDs, or antibiotics before admission, as 
observed in 60% of cases in this study.19-21 This 
underscored the complexity of interpreting 
PCT levels in clinical settings.

Al though  th i s  s tudy  found  no 
association between admission PCT levels 
and complications, Kameshwar et al.22 
demonstrated a correlation between rising 
post-treatment PCT levels and complications, 
including mediastinitis and re-exploration, in 
33% of cases. Differences in inclusion criteria, 
in Kameshwar’s study heeding to peritonsillar 
abscesses (18.1%) and predominantly single-
space involvement (81.1%), likely explained 
the lower complication rates compared to this 
study, which focused on more severe cases 
with multiple-space involvement.

ROC analysis in our study revealed that 
PCT≥.014 ng/mL moderately predicted <5-
day mortality, with 85.7% sensitivity and 
78.4% specificity (AUC: 0.773, p=0.027). 
These findings suggest that while PCT 
might offer some predictive utility for early 
mortality, its role in risk stratification was 
limited. This was consistent with studies 
by Suranadi et al.23 and Liu et al.24, which 
reported PCT as an independent predictor of 
28-day mortality in sepsis patients.

Procalcitonin levels, although not always 
reflective of the clinical severity of deep 
neck abscesses, demonstrate potential as a 
valuable predictor of fatal complications. 
This study highlighted the ability of PCT 
to moderately predict early mortality (<5 
days) with high sensitivity and specificity, 
particularly at a threshold of ≥0.14 ng/mL. 
These findings supported the inclusion of 
PCT as an adjunctive marker in the risk 
stratification of deep neck abscess cases. 
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While low initial PCT levels were common, 
especially in patients with prior treatment, 
clinicians should remain vigilant as such 
cases did not eliminate the possibility of 
severe outcomes. Incorporating PCT into 
clinical protocols can enhance early decision-
making, complementing existing diagnostic 
and therapeutic strategies to improve patient 
outcomes.

In conclusion, Procalcitonin shows 
potential as a useful predictor of fatal 
complications in deep neck abscesses, 
particularly for early mortality (<5 days) 
with high sensitivity and specificity at 
a threshold of ≥0.14 ng/mL. While low 
initial levels are common, they do not 
exclude severe outcomes, underscoring 
PCT’s role as an adjunctive marker in risk 
stratification and clinical decision-making. 

Procalcitonin thresholds and early mortality risk in deep neck abscess ORLI 2025 Volume 55 No. 2 

REFERENCE
1.	 Christian JM, Felts CB, Beckmann NA, 

Gillespie MB. Deep neck and odontogenic 
infections. In: Cummings Otolaryngology 
Head and Neck Surgery 7th ed. Elsevier; 
2020. p. 141–54. 

2.	 Murray AD, Meyers AD. Deep neck 
infections. Eye Ear Nose Throat Mon 
[Internet]. 2020;26(10):539–41. Available 
from: https://emedicine.medscape.com/
article/837048-print

3.	 Ruiqiang Z, Yifen Z, Ziqi R, Wei H, Xiaoyun 
F. Surviving Sepsis Campaign: international 
guidelines for management of sepsis and 
septic shock 2021, interpretation and 
expectation. Vol. 33, Zhonghua Wei Zhong 
Bing Ji Jiu Yi Xue. 2021. p.1159–64. 

4.	 Azzini AM, Dorizzi RM, Sette P, Vecchi M, 
Coledan I, Righi E, et al. A 2020 review on 
the role of procalcitonin in different clinical 
settings: an update conducted with the tools 
of the Evidence Based Laboratory Medicine. 
Ann Transl Med. 2020;8(9):610–8. 

5.	 K a m e s h w a r  P,  R a w a n g b a n  W, 
Tangjaturonrasme N. Serum procalcitonin as 
outcome predictors in deep neck infections. 
Biomed J Sci Tech Res. 2019;22(2):1655–-9.

6.	 Treviño-Gonzalez JL, Maldonado-Chapa F, 
González-Larios A, Morales-Del Angel JA, 
Soto-Galindo GA, Zafiro García-Villanueva 
JM. Deep neck infections: demographic 
and clinical factors associated with poor 
outcomes. ORL J Otorhinolaryngol Relat 
Spec. 2022;84(2):130–8.

7.	 Lin Y, Gao W, Yue H, Chen W, Liu T, Ye J, 
et al. A novel risk score for the prediction 
of airway management in patients with 
deep neck space abscess: a multicenter 
retrospective cohort study. J Intensive Care. 
2021;9(1):41-51. 

8.	 	Adoviča A, Veidere L, Ronis M, Sumeraga 
G. Deep neck infections: review of 263 cases. 
Otolaryngol Pol. 2017;71(5):37–42.

9.	 	Sue t rong  S ,  Reecha ip i ch i tku l  W, 
Chainansamit S, Piromchai P. Deep neck 
infection in adults: factors associated with 
complicated treatment outcomes. J Med 
Assoc Thail [Internet]. 2017;100(8):179. 
Available from: http://www. jmatonline.com/
index.php/ jmat/article/view/8612

10.	 Almutairi D, Alqahtani R, Alshareef N, 
Alghamdi YS. Deep neck space infections: a 
retrospective study of 183 cases at a tertiary 
hospital. Cureus. 2020;2(2):1–13. 

11.	 	Jayagandhi S, Cheruvu SC, Manimaran 
V, Mohanty S. Deep neck space infection: 
study of 52 cases. Indian J Otolaryngol Head 
Neck Surg. 2019;71:923–6. Available from: 
https://doi.org/10.1007/s12070-019-01592-3

12.	 Ho C, Wang Y, Chin S. Factors creating a 
need for repeated drainage of deep neck 
infections. Diagnostic (Basel). 2022;12(4) 
940. doi: 10.3390/diagnostics12040940

13.	 Rijal S, Romdhoni AC. Bacteria pattern, 
results of antibiotic sensitivity test, and 
complications of deep neck abscess patients 
in Dr. Soetomo General Hospital. Biomol 
Heal Sci J. 2018;1(2):124.

14.	 	S r i v a n i t c h a p o o m  C ,  S i t t i t r a i  P, 
Pattarasakulchai T, Tananuvat R. Deep neck 
infection in Northern Thailand. Eur Arch 
Otorhinolaryngol. 2012;269(1):241–6.

15.	 	Yang TH, Xirasagar S, Cheng YF, Wu 
CS, Kao YW, Lin HC. A nationwide 
population-based study on the incidence 
of parapharyngeal and retropharyngeal 
abscess-a 10-year study. Int J Environ Res 
Public Health. 2021;18(3):1–7.



135

Procalcitonin thresholds and early mortality risk in deep neck abscess ORLI 2025 Volume 55 No. 2 

16.	 Arianto DR, Romdhoni AC. Pola kuman, 
hasil uji sensitivitas antibiotik dan komplikasi 
abses leher dalam di RSUD Dr. Soetomo. J 
Ilm Kedokt Wijaya Kusuma. 2019;8(1):88. 

17.	 Boscolo-Rizzo P, Stellin M, Muzzi E, 
Mantovani M, Fuson R, Lupato V, et 
al. Deep neck infections: a study of 365 
cases highlighting recommendations for 
management and treatment. Eur Arch 
Otorhinolaryngol. 2012;269(4):1241–9. 

18.	 	Kim JK, Lee JH. Clinical utility of 
procalcitonin in severe odontogenic 
maxillofacial infection. Maxillofac Plast 
Reconstr Surg. 2021;43(1):3 . 

19.	 Bertolus C, Schouman T, Aubry A, Hausfater 
P. Is procalcitonin a useful biomarker for 
the risk stratification of facial cellulitis? J 
Cranio-Maxillofacial Surg. 2016;44(8):995–
7. 

20.	 	Samsudin I, Vasikaran SD. Clinical utility 
and measurement of procalcitonin. Clin 
Biochem Rev. 2017;38(2):59–68. 

21.	 Yunus I, Fasih A, Wang Y. The use of 
procalcitonin in the determination of severity 
of sepsis, patient outcomes and infection 
characteristics. PLoS One. 2018;13(11):1–
11.

22.	 	K a m e s h w a r  P,  R a w a n g b a n  W, 
Tangjaturonrasme N. Serum Procalcitonin 
as Outcome Predictors in Deep Neck 
Infections. Biomed J Sci Tech Res. 2019; 
22(2):16555–9.

23.	 Suranadi IW, Sinardja CD, Suryadi IA. 
Role of procalcitonin in predicting mortality 
and organ dysfunction at intensive care 
admission. Int J Gen Med. 2022;15:4917–23. 

24.	 	Liu S, Wang X, She F, Zhang W, Liu H, Zhao 
X. Effects of neutrophil-to-lymphocyte ratio 
combined with interleukin-6 in predicting 
28-day mortality in patients with sepsis. 
Front Immunol. 2021;12:19.


