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Background

Surgery is the main treatment for oral cancer. 1-3 Oral cancer 
surgery can involve a variety of postoperative complica-
tions, including upper airway obstruction.4-10 Upper airway 
obstruction occurs due to a confluence of causes such as 
hematoma and edema following extensive tumor resection, 
the presence of a bulky flap during reconstruction, and flac-
cid tongue.3,4 This confluence makes postoperative airway 
obstruction difficult to predict. In most cases with a high 
risk for airway obstruction, such as extensive resection of 
the mandible/tongue/floor of the mouth, bilateral neck dis-
section, and the use of large flaps in reconstruction, trache-
otomy is the preferred method of airway management. 
Patients who undergo anterior mandibular resection alone, 
primary tumor resection alone, or neck dissection alone 
without tracheotomy have been reported to develop airway 

obstructions.5,6,8,9 Therefore, a scoring system to diagnose 
the need for tracheotomy was devised. We used risk factors 
such as operative methods as the scoring criteria. Airway 
obstruction is diagnosed based on stridor, tracheal tug, or 
similar findings, as well as by ultrasonography, decreased 
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Abstract
Objective: Postoperative airway obstruction following oral cancer surgery is difficult to predict. Scoring systems used to 
assess the need for tracheotomy use risk factors as criteria. We aimed to examine whether these clinical scoring systems 
can predict airway obstruction following oral cancer surgery.
Methods: We assessed 95 patients who underwent oral cancer surgery without tracheotomy under general anesthesia 
between January 2007 and April 2019. We reviewed multiple factors from the patients’ medical records, including age, sex, 
tumor site, body mass index, tumor stage, type of surgery, airway management method, Cameron and Gupta scores, and 
postoperative airway complications.
Results: Tumors were located in the maxilla (n = 14), buccal mucosa (n = 13), mandible (n = 14), floor of the mouth (n = 6), 
and tongue (n = 48). Twenty-seven patients (28.4%) were graded as Stage 1, 37 patients (38.9%) as Stage 2, 9 patients 
(9.5%) as Stage 3, and 3 (3.2%) patients as Stage 4. Nine patients (9.5%) had local recurrences, and ten patients (10.5%) had 
neck metastases. Postoperative oxygen administration alone failed to improve dyspnea in 4 patients (4.2%). The median 
Cameron scores between patients with and without airway trouble were not significantly different (P = 0.226). However, 
a significant difference was observed in median Gupta scores between patients with and without airway trouble (P = 0.01). 
We created a receiver operating characteristic curve to predict postoperative airway trouble based on the preoperative 
Gupta score; the area under the curve was 0.856 (95% confidence interval: 0.61-1). A Gupta score cutoff value of 3.0 had 
a sensitivity of 92.3% and specificity of 75.0%.
Conclusions: Screening based on the Gupta score appears to be effective in predicting postoperative airway obstruction. 
We propose that this screening tool can be used to better plan tracheotomy and other airway management strategies 
during preoperative patient assessment.
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levels of percutaneous oxygen saturation (SpO2), capnom-
etry, or laryngoscopy. However, because none of these 
methods provide diagnostic certainty, several other meth-
ods have been reported to predict the need for elective tra-
cheotomy in patients with oral cancer.3,7-10 Some studies 
sought to establish scoring systems to determine the preop-
erative need for tracheostomy.11-14 The ability to preopera-
tively predict airway obstruction based on these scoring 
systems would be extremely useful clinically. Regarding 
postoperative airway obstruction, complications arising 
from emergency tracheotomy due to difficulty in tracheal 
intubation are increased by hematoma and edema. 
Therefore, we used the risk of postoperative airway obstruc-
tion as a preoperative score; this is useful if adaptation to 
tracheotomy is distinguishable and predictable. Predicting 
postoperative airway obstruction in cases that do not 
undergo tracheotomy would be useful; however, there are 
few studies exploring this.

This study analyzed data from patients who underwent 
oral cancer surgery in our department to determine if clin-
ical scoring systems could accurately identify patients 
who require tracheotomy and predict postoperative air-
way trouble.

Methods

Selection of Patients

The initial patient population consisted of 124 patients (83 
men, 41 women) who underwent surgery for oral cancer 
under general anesthesia at the Department of Oral and 
Maxillofacial Surgery, Nagoya Ekisaikai Hospital, between 
January 2007 and April 2019. This study aimed to evaluate 
the risk of airway obstruction and the need for tracheotomy 
in patients who did not undergo the surgical procedure. 
Therefore, after excluding 29 patients who underwent tra-
cheotomy, we retrospectively analyzed the remaining 95 
patients. The observational retrospective study design pre-
cluded the need for a prior sample size calculation. The 
Mann-Whitney U test followed by Bonferroni correction 
was used for statistical analysis.

Data Collection and Analysis

We reviewed the following data from the patients’ medical 
records: age, sex, tumor site, body mass index, tumor stage, 
type of surgery, airway management method, Cameron 
score, Gupta score, and postoperative airway trouble. The 
tumor stage was determined by visual examination, con-
trast-enhanced computed tomography, magnetic resonance 
imaging, and positron emission tomography-computed 
tomography (PET) scan. Operative procedures and postop-
erative airway management methods were selected and 
finalized by in-hospital tumor board reviews for all patients. 

To avoid selection bias, we cross-checked all cases of post-
operative ICU admissions during the observation period 
with the tumor register of the Department of Oral and 
Maxillofacial Surgery and Regional Plastic Surgery. We 
converted the data from these patients into tracheotomy 
scores based on the scoring systems reported previously.13,15 
Detailed parameters of the evaluated scores are shown in 
Table 1. The primary endpoint was the occurrence of post-
operative airway complications. We defined “postoperative 
airway trouble” as a case in which oxygenation with an 
oxygen mask was incapable of maintaining SpO2 and in 
which improvement in airway management required endo-
tracheal intubation, a nasopharyngeal airway, or an emer-
gency tracheotomy, within 48 hours postoperatively.

Scoring systems (Cameron and Gupta). Two methods for 
evaluating patient scores and determining patients who 
needed tracheotomy have been reported. The first was by 
Cameron et al., who defined a rating system for evaluating 
the need for tracheotomy. This method was constructed 
under 4 key domains (tumor site, mandibulectomy, neck 
dissection, and reconstruction). Patients with a total thresh-
old value or more of these 4 scores are considered to have 
upper respiratory tract risk, and tracheotomy is recom-
mended in these patients (Table 1). The second was by 
Gupta et al., who developed the Scoring System for Trache-
otomy, which includes criteria such as previous radiation, 
bulky flap, age, and bilateral neck dissection. This scoring 

Table 1. Scoring Table (Cameron et al.13).

Scoring factor Score

Tumor site Cutaneous 0
Mouth Buccal mucosae 0
 Maxilla 0
 Mandibular alveolus 1
 Anterior tongue 1
Oropharynx Floor of the mouth 2
 Soft palate 3
 Anterior pillar 3
 Tonsillar pillar 4
 Posterior tongue 4
 Hypopharynx 4

Mandibulectomy No 0
 Yes 1

Bilateral neck 
dissection

No 0
 Yes 3

Reconstruction None 0
 RFFF 2
 Other 3

Note. Threshold score: 5
Patients at or above the threshold are at an increased risk of upper 
airway compromise. An elective tracheostomy should be considered by 
the managing clinicians.
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system comprises 6 major risk factors and 4 minor risk fac-
tors for predicting the need for tracheotomy (Table 2).

Ethical Considerations

The present retrospective cohort study was approved by the 
Nagoya Ekisaikai Hospital Institutional Review Board (no. 
2018-009). Written informed consent was obtained from all 
patients for publication of this research paper and any 
accompanying images. Individual consent from each patient 
was not required because extubation after major oral cancer 
surgery is the standard approach in our institution. As the 
study was retrospective, only closed cases were included, 
and the institutional review board waived the need for 
obtaining consent from retrospectively analyzed patients. 
All procedures were performed in accordance with the ethi-
cal standards of the institutional and/or national research 
committee and in line with the 1964 Declaration of Helsinki.

Statistical Analysis

We determined statistical information such as frequency 
and percentage for continuous variables (age and body mass 
index, mean, and standard deviation) and categorical vari-
ables (sex, tumor site, tumor stage, smoking, details of  
surgery, reconstruction procedure, and neck dissection). To 
determine statistical significance, we used unpaired t-tests 
for continuous data and χ2 tests for categorical data, except 
when the expected number was less than 5, in which case 
we used Fisher’s exact test. Using the Shapiro-Wilk test of 
normality, we examined whether our sample was normally 
distributed; normality for Cameron and Gupta scores was 
rejected. Order, scale, and changes (or lack thereof) in air-
way management within 48 hours after surgery were com-
pared using the Mann-Whitney U test.

With the statistical analysis for tumor stage as the out-
come, we plotted a receiver operating characteristic 
(ROC) curve of the changes (or lack thereof) in airway 
management within 48 hours after surgery using the 
Cameron/Gupta score as a predictive factor. We then 
determined the cutoff value for the variable with the 
larger area under the curve (AUC). Results with P < .05 
were considered statistically significant. Statistics were 
analyzed using EZR Ver.1.4.0.

Results

Patient characteristics, including the tumor site and surgical 
approach, are shown in Tables 3 and 4. The patients’ ages 
ranged from 29 to 88 years (mean age, 65.0 ± 11.7 years). 
Tumor sites included the maxilla (n = 14), buccal mucosa 
(n = 13), mandible (n = 14), floor of the mouth (n = 6), and 
tongue (n = 48). Twenty-seven patients (28.4%), 37 patients 
(38.9%), 9 patients (9.5%), and 3 (3.2%) patients were 
graded as Stage 1, Stage 2, Stage 3, and Stage 4, respec-
tively. Nine patients (9.5%) were graded as having local 
recurrences and 10 patients (10.5%) as having secondary 
neck metastases. We examined airway management by 
operative procedure (Table 2). Forty-eight patients under-
went only primary tumor resection (without reconstruc-
tion or neck dissection); of them, 46 were extubated, 
while 2 underwent intubation with sedation. Twenty-two 
patients underwent primary tumor resection and recon-
struction without neck dissection (20 cases of skin graft-
ing, 1 case of plate reconstruction, and 1 case of hard 
tissue reconstruction); of them, twenty-one were extu-
bated, while 1 underwent intubation with sedation. Eleven 
patients underwent primary tumor resection and neck  
dissection; of them, 3 underwent extubation, while 8 
underwent intubation with sedation. Fourteen patients 

Table 2. Scoring Table (Gupta et al.15).

Major criterion Score

Previously radiated at the same region of surgery 2
Resection of two more sub-sites of oral cavity or oropharynx 2
Bilateral neck dissection 2
Extended hemi or central arch mandibulectomy 2
Bulky flap for reconstruction: latissimus dorsi, double skin island pectoralis major myocutaneous flap 2
Flap with a compressing element: intact mandibular rim, use of concomitant reconstruction plate 2

Minor criterion  

Age > 65 years 1
Previously operated at the same site 1
Trismus (inter-incisor distance <1 cm) 1
Pathological CT chest findings (COPD, emphysema, etc.) 1

Note. Total score ≤6: Suggestive of no need for a tracheostomy.
Total score ≥7: Indicative of a need for a tracheostomy.
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underwent extubation and radical neck dissection for sec-
ondary metastasis. Postoperative oxygen administration 
alone failed to improve dyspnea in 4 of 95 subjects (4.2%). 
Figure 1a and b, and Table 5 show detailed results for 
Cameron scores13 and Gupta scores15 based on the airway 
management method. Cameron scores ranged from 0 to 7, 
with a median of 1. Cameron score ranges for patients who 
underwent extubation and for patients who underwent intu-
bation with sedation were 0 to 2 and 0 to 7, respectively. 
Gupta scores ranged from 0 to 8, with a median of 1. Gupta 

score ranges for patients who underwent extubation and for 
patients who underwent intubation with sedation were 0 to 
5 and 0 to 7, respectively. Four patients developed postop-
erative airway complications (Table 5); 3 underwent pri-
mary tumor resection, comprehensive neck dissection, and 
skin grafting, while 1 underwent only radical neck dissec-
tion. The ranges of Cameron scores and Gupta scores for 
these patients were 0 to 2 and 2 to 3, respectively. Of the 
4 patients with airway trouble, 3 underwent intubation 
with sedation, while 1 underwent extubation. Airway 

Table 3. Baseline Characteristics of the Patient Groups.

Factor Group Extubation Intubation P-value

N 84 11  
Sex Men 58 (69.0) 3 (27.3) .015

Women 26 (31.0) 8 (72.7)  
Stage 1 27 (32.1) 0 (0.0) <.001

2 36 (42.9) 1 (9.1)  
3 3 (3.6) 6 (54.5)  
4 1 (1.2) 2 (18.2)  
Local recurrence 7 (8.3) 2 (18.2)  
Secondary neck metastasis 10 (11.9) 0 (0.0)  

Tumor site Maxilla 13 (15.5) 1 (9.1) .138
Buccal mucosa 11 (13.1) 2 (18.2)  
Mandible 10 (11.9) 4 (36.4)  
Floor of the mouth 5 (6.0) 1 (9.1)  
Tongue 45 (53.6) 3 (27.3)  

Smoking Yes 44 (53.0) 2 (18.2) .051
No 39 (47.0) 9 (81.8)  

Age 64.94 (12.05) 65.59 (9.60) .863
BMI 22.79 (4.44) 22.20 (6.28) .708

Abbreviation: BMI, body mass index (kg/m2).

Table 4. Surgical Method and Airway Management.

Primary tumor resection Neck dissection Extubation (n) Intubation with sedation (n) Total

No Unilateral 12 0  
Bilateral 1 0  
Affected side 1 0 14

Segmental mandibulectomy No 2 1
Yes 0 1 4

Marginal mandibulectomy No 6 0
Yes 0 1 7

Resection of the floor of the mouth No 6 0
Yes 0 1 7

Partial maxillectomy No 10 1
Yes 1 12

Partial glossectomy No 39 0
Yes 0 3 42

Soft palate resection No 0 1 1
Buccal mucosa resection No 4 0

Yes 2 2 8
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trouble consisted of tube obstruction by sputum in 1 patient, 
airway changes associated with postoperative bleeding in 2 
patients, and improper tube fixation due to agitation in 1 
patient. The median Cameron scores in patients with and 
without airway trouble were 1 (0-7) and 1.5 (0-5), respec-
tively; this difference was not significant (P = .226). The 
median Gupta scores in patients with and without airway 
trouble were 1 (0-5) and 4.5 (0-8), respectively; this differ-
ence was significant (P = .01) (Figure 2a and b). The Gupta 
score cutoff value was 3.0 (sensitivity 92.3%, specificity 
75.0%) (Figure 3).

Discussion

Upper airway obstruction can occur after oral cancer sur-
gery due to multiple simultaneous factors associated with 
the surgery, including changes in anatomical structure, 
hematoma, and edema.15,16 Postoperative upper airway 
obstruction is diagnosed primarily by oropharyngeal endos-
copy, stridor, SpO2, and capnometry; however, a complete 

picture of the patient’s status is difficult to obtain. Although 
tracheotomy is highly effective for securing an open airway, 
4% to 8% of patients develop complications from this pro-
cedure, including bleeding, obstruction, local infection, and 
pneumonia,3,17,18 which may prolong patient recovery and 
duration of hospitalization.19-22 While forgoing a tracheot-
omy may reduce the burden on the patient, many patients 
undergo airway management in a general hospital ward; 
this potentially increases the risk of fatal delays in the event 
of postoperative airway obstruction, asphyxia, or hypox-
emia. Therefore, when the risk of postoperative airway 
obstruction is high, a patient’s respiratory status must be 
closely monitored to enable early detection of abnormali-
ties. Prompt decision can then be made to initiate emer-
gency treatment, and if the patient is judged to be at risk of 
airway obstruction, tracheal intubation under sedation or 
elective tracheotomy can be performed.17,18 However, when 
tracheotomy is not performed, the oxygen dissociation 
curve demonstrates that SpO2 decreases rapidly once it falls 
below 90%; this decrease in SpO2 is discovered late in 
nearly all cases, thus severely shortening the window in 
which treatment can be initiated. Several scoring systems 
have been developed to predict the need for elective trache-
otomy in patients with oral cancer,11-14 thus reducing the 
necessity for immediate emergency treatment decisions. 
While the above-mentioned scoring systems could predict 
the occurrence of postoperative airway obstruction, very 
few studies have been conducted.

The first system to score the need for tracheotomy was 
reported by Kruse-Lösler et al.,12 who used 5 items (tumor 

Figure 1. The number of patients in the airway management group based on the tracheostomy score. (a) Cameron scores based 
on the airway management method. Cameron scores ranged from 0 to 7, with a median of 1. Cameron score ranges for patients 
who underwent extubation and intubation with sedation were 0 to 2 and 0 to 7, respectively. (b) Gupta scores based on the 
airway management method. Gupta scores ranged from 0 to 8, with a median of 1. Gupta score ranges for patients who underwent 
extubation and intubation with sedation were 0 to 5 and 0 to 7, respectively.

Table 5. Range of the scores according to airway trouble.

Airway trouble  

 No Yes P-value

N 91 4  
Cameron 1.00 [0.00, 7.00] 1.50 [0.00, 5.00] .226
Gupta 1.00 [0.00, 5.00] 4.50 [1.00, 8.00] .01
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localization, tumor size, pathologic chest radiography find-
ings, multimorbidity, and alcohol consumption) to predict 
the risk of postoperative respiratory failure in 928 patients. 
The sensitivity of this scoring system to predict respiratory 
failure was 96.7%. However, this scoring system lacks 

assessment of surgical factors, and we felt that it is not suit-
able for predicting postoperative airway management based 
on the operative procedure and tumor localization. 
Therefore, we did not use this system in the present study. 
The scoring systems reported by Cameron et al.13 and Gupta 
et al.15 are examples of systems scored based on surgical 
factors. The Cameron system scores factors related to the 
need for elective tracheotomy, such as tumor location, man-
dibular resection, and neck dissection/reconstruction. The 
Gupta system scores factors designated as major and minor, 
including not only resection and reconstruction methods, 
but also previous radiotherapy, trismus, and other preopera-
tive factors that could hinder airway management. We used 
these two scoring systems in the present study because they 
incorporate surgery (particularly the extent of resection) 
and reconstruction methods, examine surgery in detail, and 
thus, are useful for surgeons. Both of these scoring systems 
assume that a tracheotomy is required for patients who sur-
pass a certain score or level, as calculated from the selected 
factors; a higher score signifies a higher risk of airway 
obstruction. The cutoff values for tracheotomy in the 
Cameron and Gupta systems are 5 and 7, respectively. In 
the present study, these thresholds were exceeded (i.e., the 
need for tracheotomy was suggested) in 3 of 95 patients, all 
of whom underwent intubation with sedation. These 3 
patients’ scores were largely consistent with the airway 
management methods selected for them, indicating that the 
concept of selecting an airway management method based 
on a clinical scoring system could be a useful part of thera-
peutic strategies in typical Japanese hospitals.

Figure 2. (a and b) Variations in the Cameron and Gupta scores between the airway trouble groups. The median Gupta scores for 
the cases with and without trouble was 1, and 4.5, respectively, with a significant difference (P = .01).

Figure 3. ROC curve analysis of screening tests for airway 
trouble. The AUC of the ROC curve was 0.856; 95% confidence 
interval, 0.61 to 1. The cutoff value of the Gupta score was 3.0. 
ROC, receiver operating characteristic; AUC, area under the 
curve.
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We did not observe a significant difference in Cameron 
scores between patients with and without airway trouble. 
However, the median Gupta scores for patients with and 
without airway trouble were 4.5 (0-8) and 1 (0-5), respec-
tively, showing a significant difference (P = .01). The 
Gupta score ROC curve cutoff value was 3.0, and the AUC 
was 0.86 (moderate accuracy); thus, the Gupta score was 
considered useful. This high AUC conceivably stems from 
the Gupta score’s assessment of the extent of resection and 
bilateral neck dissection, as well as from its ability to 
reflect changes associated with the operative procedure. A 
Gupta score of 3.0 is the equivalent of meeting 1 major 
criterion (extent of resection, reconstruction method, bilat-
eral neck dissection) and 1 minor criterion (age, trismus, 
chest radiography findings), or of meeting 2 or more major 
criteria, or, finally, of meeting 3 or more minor criteria. 
Although meeting all of these criteria is unlikely, airway 
obstruction associated with surgical factors is likely to 
occur if any major criteria are met. Specifically, for cases 
of possible postoperative hemorrhage due to suprahyoid 
muscle, hypoglossal nerve, or deep muscle layer resection, 
and those of laryngopharyngeal edema due to internal jug-
ular vein ligation during neck dissection, tracheotomy can 
be considered, even when the score is low.6,23 However, 
according to some studies that critiqued the Cameron and 
Gupta scoring systems, these systems overestimate the 
need for tracheotomies and cannot correctly identify 
patients who require tracheotomy, potentially because of 
the selection of operative procedures, judgments based on 
the surgeon’s experience, and major discrepancies in 
patient populations.24-26

Our 4 cases of postoperative airway trouble consisted of 
2 cases of postoperative hematoma, 1 case of tube obstruc-
tion by sputum, and 1 case of decreased SpO2 due to deep 
sedation. Deep sedation can be avoided by adjusting the 
drug dose and ventilator settings. Obstruction by sputum 
can be handled with humidification or by suctioning of the 
sputum from the tracheal tube. However, because postop-
erative bleeding can cause rapid progression of airway 
obstruction, intubation and tracheotomy must be performed 
under emergency conditions. Clinically speaking, this sce-
nario poses the greatest problem. Of the 4 patients with 
postoperative airway trouble in the present study, 3 had a 
Gupta score of 3 (the cutoff value) or higher, while 1 under-
went neck dissection alone. Airway obstruction has been 
reported to severely affect patients in cases of anterior man-
dibular resection alone, primary tumor resection alone, and 
neck dissection alone.9,27 Resection or dissection of the 
genioglossus, geniohyoid, and mylohyoid muscles prevents 
lifting of the hyoid bone, which may exacerbate airway 
obstruction, even in patients who appear to be at low risk. 
This type of moderate surgical invasiveness is managed in a 
general hospital unit rather than in an intensive care unit, 
which engenders a risk of delayed response to airway 

obstruction. Future research will need to address how to 
assess cases like this.

This study has several limitations. First, it was a retro-
spective and single hospital study. Although the incidence 
of postoperative upper airway obstruction is low among 
patients with head and neck cancer, its onset involves 
numerous, complex factors, and thus more cases must be 
accumulated to understand its manifestation better. As the 
method of postoperative airway control is determined 
based on the expertise of the chief physician, selection 
bias may exist in this study; this bias could interfere with 
the utility of the models to predict obstruction. This study 
aimed to examine whether postoperative airway obstruc-
tion in patients who did not undergo tracheotomy can be 
predicted by a scoring system. Consequently, patients who 
did not undergo tracheotomy were excluded. In this regard, 
high scores should be properly interpreted, especially in 
patients who have undergone a minimally invasive proce-
dure, such as local excision. Further, the scoring systems 
examined in the present study cannot directly predict post-
operative hematoma or laryngopharyngeal edema. Since 
these scoring systems were first reported several years 
ago, energy devices (such as the vessel sealing system) 
have become more sophisticated, surgical techniques and 
perioperative care have improved, and indications for 
operative procedures have drastically changed. Going for-
ward, new scoring systems will need to be adapted to 
reflect these changes.

Conclusion

For planning tracheotomy and other methods of airway 
management in preoperative patient assessments, screen-
ing with the Gupta score appears to be effective for pre-
dicting postoperative airway obstruction; a Gupta score of 
3.0 or higher indicates a higher risk of postoperative air-
way trouble.
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