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Abstract

Adenoidectomy is one of the most common surgeries performed in children. The tongue depressor is being routinely used during adenoidectomy exerts high mechanical 
pressure on the tongue. We aimed to discover tongue swelling created by the compression of tongue depressor by using ultrasonography (USG) in pediatric patients who 
were undertaken adenoidectomy. Thirty-four patients who were undertaken adenoidectomy were involved in the study group. In the control group, 33 patients who were 
undertaken pediatric surgery were involved. The tongue surface area (TSA) measurement was achieved for two times. In the study group, TSA1 was performed immediate-
ly following intubation, prior to the installment of the tongue depressor, TSA2 was performed following the removal of the tongue depressor however prior to extubation. 
In the control group, TSA1 was performed immediately following intubation, TSA2 was performed prior to extubation. An important correlation was noticed among the 
severity of tongue swelling (defined as TSA2 - TSA1 ) (P = 0.000) and tongue depressor. Tongue depressor may provoke tongue swelling in adenoidectomy procedures 
that can be shown with USG. This tongue swelling seems to be a result of the pressure applied by the tongue depressor. Tongue depressor related tongue swelling may 
cause respiratory complications in patients with already restricted airway passage even if the patients are fully awake. The tongue swelling in pediatric patients under 
adenoidectomy surgeries was demonstrated for the first time in the literature by USG.
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Introduction

Adenoidectomy surgery, which is one of the most common ear, 
nose and throat procedures all over the world [1], is indispensable 
for children with obstructive symptoms such as nasal obstruction, 
sleep-disordered breathing, chronic otitis media, chronic sinusitis, 
as well as craniofacial changes [2]. Although the most important 
complication of adenoidectomy is bleeding with an incidence rate 
of 0.5% – 8%, postoperative respiratory complications can also be 
seen [3].

Although postoperative respiratory complications occur more in 
some risky patients, upper airway complications may also occur 
in healthy children with no risk factors [4]. In particular, massive 
swelling in the tongue and uvula can cause fatal outcomes by 
leading to upper airway obstruction even in healthy children [5,6]. 

Numerous cases of massive tongue swelling have been reported, 
and this life-threatening complication has been believed to 
be occurred due to the compression of tongue depressors, 
transesophageal probes, endotracheal tubes which exert direct 
pressure on the tongue [5].

Studies have shown that the tongue is an ideal and unique organ 
for ultrasonography (USG) evaluation due to its multiple muscle 
structure. The tongue surface area (TSA) can be easily measured 
when a USG probe is placed submental [7,8].

No studies have been conducted on the development and diagnosis 
of tongue swelling related to tongue depressor which can be a 
potential reason for postoperative respiratory complications in 
pediatric patients. 

Thus, this study aimed to investigate the physiological effects of 
tongue depressor on the tongue and to determine through USG 
examination whether tongue swelling occurred in surgeries, such 
as adenoidectomy, which involves the short-term use of a tongue 
depressor.
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Material and Methods

Study design

We prospectively performed submental USG analysis of the 
tongue in pediatric patients who underwent adenoidectomy 
surgery at a university hospital. This research was approved by the 
Selçuk University Medical Faculty Research Ethics Board (No. 
2018/331), with ClinicalTrials.gov Identifier: NCT NCT04256590 
and it was conducted in accordance with the ethical principles laid 
down in the Declaration of Helsinki. Informed written consent was 
obtained from the parents of all the patients.

Participants

This study involved two groups of participants. The patients aged 
between 2 and 6 years were included for both groups. For both 
groups, the patients with a history of syndromic cranio facial 
abnormalities (e.g., Down syndrome, craniofacial trauma) and 
systemic disorders were excluded from this study. 

The study group (n = 34) consisted of patients diagnosed with 
symptomatic adenoid hypertrophy and underwent adenoidectomy 
surgery. The second group (n = 33) consisted of the control group 
who underwent inguinal hernia and circumcision operation with 
endotracheal intubation under general anesthesia in pediatric 
surgery.

Measurements

For both groups, TSA values were measured twice per patient 
by submental USG by an experienced anesthesiologist who was 
trained by a staff pediatric radiologist regarding tongue assessment. 
Three measurements were taken, and an average of the two closest 
readings was used in the analysis for each measurement (Figure 1).

Figure 1. Tongue surface area image. 

Primary outcome: The primary outcome was, the change in TSA 
depending on the use of tongue depressor. Our hypothesis was, 
depending on the use of the tongue depressor there would be an 
increase in TSA values measured by USG. In the study group, the 
first measurement (TSA1) was performed quickly after endotracheal 
intubation but prior to the settlement of the tongue depressor. 
The second measurement (TSA2) was performed following the 
completion of the adenoidectomy procedure and after the removal 
of the tongue depressor but just before extubation. In the control 
group, the first measurement (TSA1) was performed quickly after 
endotracheal intubation but prior tothe surgery, whereas the second 
measurement (TSA2) was obtained at the end of the surgical 
procedure but just before extubation (Figure 2).

Figure 2. Flowchart of the study.

Secondary outcome: The secondary outcome was the presence of 
tongue swelling caused by tongue depressor shown with USG. Our 
hypothesis was that the tongue swelling associated with the tongue 
depressor could be evidenced by TSA values measured by USG.
The difference between TSA2 and TSA1 (i.e., TSA2- TSA1) was 
used to describe the tongue swelling for both groups.

Ultrasound Examination

TSA measurements were carried out in the Esaote MyLab 
(Genoa, Italy) ultrasound device with a convex probe operating 
at 4 MHz frequency in the coronal plane of the submental 
midline region. When the patient in the supine neutral position, 
the probe was placed under the chin without pressing too much, 
and when the whole tongue image was obtained on the monitor, 
the image was freezed. The following landmarks were identified 
to confirm consistent transducer placement for each subject: 
fascia between the mylohyoid muscle and intrinsic muscles of 
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the tongue and the interface between the soft palate and air in the 
oral cavity. Additionally, the image of the tongue was identified 
as ‘‘oval-shaped,’’ further confirming consistent positioning of the 
transducer. TSA borders were drawn manually and the TSA was 
calculated automatically.

Adenoidectomy procedure

The same two otolaryngologists performed all adenoidectomy 
procedures under general anesthesia; they used the conventional 
curettage adenoidectomy method, which was carried out blindly by 
an adenoid curette. The same Crowe–Dawis tongue depressor blade 
was used to keep the mouth open. Each patient was given standard 
general anesthesia, which was induced with methylprednisolone 
(1 mg/kg) (Prednole, Gensenta, Istanbul, Turkey) For each patient 
hydration was started with a mixed pediatric solution (Biof, Osel, 
Istanbul, Turkey), which was administered intravenously at a 
rate of 10 mL/kg/h. Each patient was intubated with an identical 
type of endotracheal tube that was appropriate for each patient’s 
age, and the endotracheal tube was set at the center of the mouth. 
The tongue depressor was placed in the patient’s mouth, and the 
duration was noted. The tongue depressor was not removed until 
the surgery was finished. If the tongue depressor was removed or 
had to be loosened before the surgery, the patient was excluded 
from the study. 

Statistical analysis and sample size

All data are expressed as mean ± standard deviation (SD). A non-
parametric Mann–Whitney U-test was used to determine whether 
the study and control groups differed on each variable. Data 
analysis was conducted using the Statistical Package for the Social 
Science software program (SPSS Version 17.0, IBM, Armonk, 
NY, USA). A P value of < 0.05 indicated statistical significance. 
We performed a pilot study in 10 patients from the adenoidectomy 
group to calculate the sample size. In the pilot study, the tongue 
surface area values before and after the replacement of tonsillar 
retractor were 1.98 ± 0.29cm2 and 2.72 ± 0.28cm2 respectively. 
Assuming an equal SD and to show a difference of 20% between 
the 2 groups, a 2-sided type Ⅰ error of 0.05 and a power of 0.95 
were applied. According to this calculation, when we included 16 
patients per group, a significant difference would be found in terms 
of tongue surface areas.

Results

No significant difference was seen between the study and control 
groups in terms of demographics (Table 1). While 19 of the patients 
in the adenoid group, 17 of the patients in the control group were 
girls. According to the mean intubation duration no significant 
difference was revealed between the study (26.2 min), and control 
(28.8 ± min) groups (P = 0.6).In terms of mean TSA1 values, there 
was no significant difference between study and control groups 
respectively (1.95 ± 0.29cm2) (2.03 ± 0.17cm2) (P = 0.183). The 
mean TSA2 values of the study group (2.63 ± 0.22cm2) were higher 
compared to the control group (2.16 ± 0.24cm2) (P = 0.000).Also, 
in terms of the tongue swelling values, the mean TSA2 – TSA1 
values of the study group (0.69 ± 0.29 cm2) were higher than the 
control group (0.12 ± 0.15 cm2) and a significantly difference was 

noticed between two groups (P = 0.000) (Table 2) (Figure 3).

Table 1. Comparison between the adenoidectomy and control groups in terms of 
descriptive statistics (Mann–Whitney U test)

Adenoidectomy(n=34) 
Mean±SD (min-max)

Control(n=33) 
Mean±SD (min-max) P value

Age 
(Years) 4.8±1.23 (2.50-6.00) 4.5±1.23 (2.5-6.00) 0.108(.914)

Weight 
(kg) 15.1±3.35 (9.00-23.00) 15.51±3.40 (9.50- 23.50) -0.729(.466)

Table 2. Comparison between the adenoidectomy and control groups in terms 
of preoperative and postoperative tongue surface area (TSA1 and TSA2 respec-
tively), tongue swelling (TSA2 - TSA1), tongue depressor and endotracheal in-
tubation duration.

Parameter (cm2) Adenoidectomy 
group (n=34)

Control 
group (n=33) p

Mean SD Mean SD

TSA1 1.95 0.29 2.3 0.17 1.282 0.183

TSA2 2.63 0.22 2.16 0.24 6.192 0.000*

TSA2–TSA1 
(Tongue swelling) 0.69 0.29 0.12 0.15 6.622 0.000*

TongueDepressor 
Duration 24 3.33

0.6
Endotracheal 
Intubation Duration 23.8 2.13

*Comparing adenoidectomy and control group.
Tongue depressor duration: The duration between inserting and removing the 
tongue depressor in the patient's mouth.
Endotracheal intubation duration: The duration between endotracheal intubation 
and extubation of the patient.

Figure 3. Comparison between the study and control groups in terms of preoperative 
and postoperative tongue surface area (TSA1 and TSA2) values and tongue swelling 
(TSA2 – TSA1) values.

Discussion

In our study, we determined that TSA values were increased by the 
ratio of 34% in adenoidectomy surgeries while the rate of increase 
was 6% in control group. Although the long-term compression 
of the tongue during a surgical procedure is thought to be the 
mechanical reason behind the development of massive tongue 
swelling, [5] we showed with that non-massive tongue swelling 
may also occur in short-term surgeries due to the high pressure 
exerted by the tongue depressor on the tongue in pediatric patients, 
as previously shown in adult patients who undergo suspension 
laryngoscopy [8].
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At the end of our study, we also thought that there might be 
other differences between massive and non-massive tongue 
swelling formations in terms of their characteristics. Although 
massive tongues swelling can be observed with the naked eye, 
the non-massive tongues swelling could only be detected by 
USG. Additionally, when massive tongue swelling occurs, it can 
immediately cause airway obstruction even in healthy patients, 
whereas the non-massive tongues welling may cause airway 
obstruction in patients with certain risk factors. Since, non-
massive tongue swelling due to tongue depressor may cause 
respiratory complications arising from upper airway obstruction, 
by completely blocking the airway especially in high risk patient 
groups with an already narrowed upper airway, such as very 
young age (<2 years), obesity, Obstructive Sleep Apnea Syndrome 
(OSAS), Down syndrome, craniofacial trauma [4,9,10].

Namely; the tongue swelling does not necessarily have to be 
massive in order to block the airway completely. Because, although 
there has been no study on the definition of tongue swelling induced 
by tongue depressor or its clinical consequences, most of the 
postoperative respiratory complications after adenotonsillectomy 
have been known to be due to upper airway obstruction.

In support, in a study conducted by Chorney et al. [11] 16.9% of 
the patients who underwent adenoidectomy experienced serious 
postoperative respiratory-related events. The majority of those 
were children younger than 1.5 years old. This result might have 
been due to the fact that the tongues of very young children are 
relatively large and the airway passage has already narrowed 
during the preoperative period, and the non-massive tongue 
swelling may be developed in the post-operative period that may 
completely closed the airway passage.

In another two studies tongue-based obstruction is an important 
cause of postoperative respiratory complications and that 
adversely affects airway patency in patients with OSAS [12,13]. 
Given that the majority of adenoidectomy operations are due to the 
OSAS and narrowed airway patency, it can be said that the already 
narrowed airway patency of the patients further constricted due 
to nonmassive tongue swelling and upper airway obstruction 
tendency has increased [11]

The OSAS incidence is high in patients with Down syndrome 
who already have a large tongue in the preoperative period and 
who already have limited airway passages [14]. In two different 
studies, it was stated that respiratory complications seen in the 
post-operative period in children with Down syndrome will occur 
up to 8 times more than healthy patient group [15,16]. This may be 
related to the already restricted airway passage being completely 
closed by non-massive tongues swelling. In line with this, Walker 
et al. [17] found that the children who underwent adenoidectomy 
and tonsillectomy surgeries and who were followed up in pediatric 
intensive care unit for respiratory reasons were those with Down 
syndrome (9.8%). And also, they stated that tongue size and 
position could be the determining factors for respiratory events in 
these pediatric patients.

As reported by Gerkhe et al. [18], all of the patients who 
had experienced a respiratory complication 3–24 h post 
adenotonsillectomy surgeries had syndromes that cause the airway 
to narrow preoperatively. In another study, including patients with 

craniofacial anomalies or they had been previously subjected to 
upper airway trauma that causes the preoperative narrowing of 
airway passage, implicated that respiratory complications were 
more common in these patients even if they were completely 
awake in the postoperative period [4]. Brown et al. [19] noted in a 
research that respiratory-related complications that did not develop 
in less than 1 h after adenotonsillectomy surgeries but emerged 
1–8 h postoperatively constitute one-third of the respiratory 
complications; however, they did not investigate the causes of 
these complications.We want to note that the duration of being 
noticed clinical consequences of non-massive tongue swelling 
may take up to 2-2.5 hours [20].

In that patients, closure of the narrowed airway passage due to 
the gradually developing non-massive tongue swelling may be 
associated with postoperative respiratory complications caused by 
upper airway obstruction. It is important to note the diagnosis of 
non-massive tongue swelling by USG in children while undergoing 
adenoidectomy in order to prevent postoperative respiratory 
complications caused by upper airway obstruction.

Our study contributed to the current literature from 3 different 
perspectives. First, we determined that, non-massive tongue 
edema may occur even in short-term surgeries depending on the 
pressure applied by the tongue depressor on the tongue. Second, 
we determined that non-massive tongue edema cannot be seen 
with the naked eye, but can be detected by USG, and may only 
have clinical consequences in patients with a narrowed upper 
airway.Third, we made inferences about the differences between 
massive and non-massive tongue edema.

Limitation

Our study has some limitations. There is no available study in 
the literature evaluating TSA values in children. So, we do not 
know the normal range of TSA values in children and we cannot 
compare in terms of size. However, we would like to point out 
that the same trained anesthesist were conducted all measurements 
in terms of being objective. Low TSA values may be due to the 
small number of patients. In future studies with more cases in 
healthy children, the normal values of TSA measured by USG can 
be revealed. In this study, we measured TSA because it is more 
practical rather than measuring thickness and width. We could also 
have more objective results if we could perform the other tongue 
measurements such as volume, thickness several times in post-
anesthesia care unit and ward with 3-dimension USG. Since the 
cases were children, we did not consider comparing them with CT 
to avoid radiation. However, comparative studies can be done with 
MRI in the future. A group of high-risk patients for post-operative 
upper airway obstruction would demonstrate our clinical results 
more objectively. The effects of non-massive tongue edema on 
clinical outcomes need to be examined.

Conclusion

In children who underwent adenoidectomy surgeries, non-massive 
tongue swelling may have emerged due to the compression exerted 
by the tongue depressor. Non-massive tongue swelling can be 
detected by USG and it may positively affect clinical outcomes by 
alerting the clinician early, in terms of upper airway obstruction 
especially in high-risk patients in whom used intraoperative 

doi: 10.5455/medscience.2020.09.180					     		  Med Science 2020;10(1):13-7



5

tongue depressors. 
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