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Abstract
Background: Pneumomediastinum is an emergency pediatric disease. A severe tension
pneumomediastinum can result in respiratory and circulatory dysfunction. However, few papers describe
surgical methods to treat tension pneumomediastinum in a normative manner.

Methods: We did a case-control study of 104 pediatric patients with tension pneumomediastinum and
comorbid type II respiratory failure. Fifty-two patients were treated with a drainage strip being inserted
into the pre-tracheal space while other 52 patients were treated without drainage. Arterial blood pO2 and
pCO2 after 30 minutes and 12 hours of mechanical ventilation, chest radiography results after 12 hours
of mechanical ventilation, and the length of stay in PICU of the two groups were analyzed by paired t-
tests and Chi-square.

Results: Chest radiography after 12 hours of mechanical ventilation showed that the
pneumomediastinum basically disappeared in the surgery group but did not decrease signi�cantly in the
control group. The arterial blood pCO2 after 12 hours of mechanical ventilation and the length of stay in
PICU were signi�cantly lower in the surgery group than in the control group (p<0.001, p<0.001), while the
arterial blood pO2 after 12 hours of mechanical ventilation was signi�cantly higher in the surgery group
than in the control group (p<0.001). There were no signi�cant intergroup differences in other variables. No
recurrence occurred in either group during 7–14 days after discharge, and all patients recovered.

Conclusions: Our method for draining tension pneumomediastinum improved respiratory function and
shortened the length of stay in PICU.

Trial registration: ChiCTR2000039496. Date of registration: 2021/2/25 (retrospectively registered).

Background
Pneumomediastinum is an emergency pediatric disease, with the average age of affected patients being
11 years [1]. Pneumomediastinum occurs when air enters the mediastinal connective tissue space after
alveolar wall rupture. It can simultaneously cause subcutaneous gas accumulation in the suprasternal
fossae, supraclavicular fossae, lateral chest wall, etc. Common etiologies include severe pneumonia such
as COVID-19 pneumonia, asthma, excessive pressure from a ventilator, abdominal trauma or surgery, etc
[2, 3]. Mild and moderate cases without obvious respiratory dysfunction or circulatory dysfunction can be
cured by inhaling oxygen, analgesic, antibiotics and waiting for the body to absorb. However, in severe
cases, accumulation of large amounts of gas in the mediastinum can cause relatively large tension,
leading to compression symptoms similar to tension pneumothorax. This compresses the lung tissue,
resulting in dyspnea, and also compresses the mediastinal vena cava, thus impeding blood �ow back to
the heart and causing circulatory dysfunction [4–6]. This condition requires timely gas expulsion and
decompression. Although there have been reports of thoracoscopic treatment, however, this is usually
achieved by using a thick needle for puncture or using a scalpel to make small incisions in the skin
corresponding to the site of pneumomediastinum to release gas, or making a single incision and then
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inserting a subcutaneous drainage strip for drainage [4, 5, 7]. Few papers describe these methods in a
normative manner. This paper combines the local anatomical characteristics to describe a method for
draining tension pneumomediastinum. We present the following article in accordance with the STROBE
(Strengthening the Reporting of Observational Studies in Epidemiology) reporting checklist.

Methods

Criteria, de�nes and data sources
We retrospectively analysed the treatment of patients whose inclusion criteria were: 1) treated in the PICU
(Pediatric Intensive Care Unit) of our hospital between January 2011 and July 2021; 2) tension
pneumomediastinum; and 3) type II respiratory failure.

Exclusion criteria were: 1) asthmatic attack; 2) the bullae of lung ruptured; 3) the cystadenoma of lung
was obviously distended; 4) combined heart disease. The tension pneumomediastinum in these four
conditions cannot be eliminated by simple drainage or by waiting for the body to absorb it, so they are
confounding factors and should be excluded.

The descriptions of Kouritas and Clancy were used as the de�nition of tension pneumomediastinum:
accumulation of large amounts of gas in the mediastinum causes relatively large tension, leading to
compression symptoms similar to tension pneumothorax. It compresses the lung tissue, resulting in
dyspnea, and also compresses the mediastinal vena cava, thus impeding blood �ow back to the heart
and causing circulatory dysfunction [4, 8].

Arterial blood pO2 (pressure of oxygen) and pCO2 (pressure of carbon dioxide) were obtained by bedside
blood gas analysis and, because they directly re�ect changes in respiratory function, served as predictors
of changes in pneumomediastinum. The changes of pneumomediastinum were directly observed by
bedside chest radiograph.

Type II respiratory failure: arterial blood pO2 < 8.0Kpa (60mmHg) and pCO2 > 6.7Kpa (50mmHg).

Grouping and Statistics
Patients were divided into surgery group and control group based on whether or not drainage was
performed. Since body develops with age, the two patient groups were paired 1:1 by similar age. We
compared the baseline data, arterial blood pO2 and pCO2 after 30 minutes and 12 hours of mechanical
ventilation, the length of stay in PICU, and chest radiography results after 12 hours of mechanical
ventilation between groups. After discharge, all patients were followed up for 7–14 days. SPSS 22
software (IBM SPSS Statistics, RRID:SCR_019096) was used to perform paired t-tests of measurement
data, and count data were analyzed by Chi-square. P < 0.05 indicated statistical signi�cance. (Fig. 1)

We controlled for selective bias by strictly enforcing inclusion and exclusion criteria, and controlled for
information bias by having all authors collect all data independently and check against each other.
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Drainage procedure in surgery group
 The left and right angles of the rhombic region encircled by the anterior borders of the left and right

sternocleidomastoid muscles and the sternohyoid muscles were used as the positions of the left and
right incisions, and were indicated on the skin using a marker (Fig. 3A).  We used sterile rubber gloves to
make a drainage strip with a width of 1.5cm and a length that were 3cm longer than the distance
between the two incisions.  After routine skin disinfection and laying of surgical drapes, we used a
scalpel to make 5-mm longitudinal incisions at the left and right skin marks. Curved forceps were inserted
into the right incision for blunt dissection of subcutaneous tissues. The super�cial fascia of the neck was
punctured. At this point, there was a feeling of emptiness after penetration. Subsequently, the forceps
were inserted into the pre-tracheal space and a blunt dissection of the pre-tracheal space from right to left
was made until the site of the left (contralateral) incision was reached. The super�cial fascia of the neck
was punctured from the medial to the lateral side, and the forceps came out through the left incision.
During blunt dissection of the pre-tracheal space, we palpated the trachea with our �ngers to determine
its position and to avoid damaging it (Fig. 3B).  We used the end of the curved forceps outside the left
incision to clamp one end of the pre-made rubber drainage strip and the forceps were slowly withdrawn
from the dissection tunnel, thereby introducing the drainage strip slowly into the tunnel. We left 1.5cm of
the drainage strip outside each of the two incisions to ensure that the ends of the drainage strip would
not easily slip into the subcutaneous tissue (Fig. 3C, D; Fig. 2B).  We disinfected and bandaged the
incision site.  Chest radiography was carried out 12 hours later (Fig. 2C). If no signi�cant
pneumomediastinum was found, the drainage strip was removed 1–3 days later without the need for
suturing the incision site.

Results
The surgery group included 52 patients treated in our hospital between September 2015 and July 2021 in
whom a drainage tube was inserted into the pre-tracheal space to drain the pneumomediastinum after
the arterial blood gas analysis results were obtained. The control group included 52 patients treated in
our hospital between January 2011 and December 2016 in whom no drainage tube was placed after the
arterial blood gas analysis results were obtained. All patients received endotracheal intubation and
mechanical ventilation. After 30 minutes of mechanical ventilation, blood oxygen saturation, at above
75%, was not stabilised, and arterial blood gas analysis showed a low partial pO2 and a high partial
pCO2. Arterial blood gas analysis and chest radiography were repeated for all paediatric patients after 12
hours of mechanical ventilation. Patients were weaned from mechanical ventilation once chest
radiography showed that the pneumonia was controlled. The ventilator parameters were gradually
decreased to an oxygen concentration ≤ 30%, oxygen �ow rate ≤ 1.5 L/min, and respiratory rate ≤ 35
bpm. There were no signi�cant intergroup differences in sex (χ2 = 0.347, p = 0.556), age (95% CI -0.687 to
0.033, p = 0.074), weight (95% CI -0.675 to 0.125, p = 0.173), arterial blood pO2 and pCO2 after 30 minutes
of mechanical ventilation (95% CI -2.524 to 0.793, p = 0.300; 95% CI − .0136 to 2.014, p = 0.053). (Table 1)
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Table 1
Baseline data, arterial blood pO2 and pCO2 after 30 minutes of mechanical ventilation

Item n Mean Std. Deviation 95% CI P value

Sex S 52, F29, M23 -- -- -- --

Sex C 52, F26, M26 -- -- -- --

Crosstabs Sex S - C 104 -- -- -- 0.556

Age S (month) 52 26.1731 26.478 -- --

Age C 52 26.500 26.643 -- --

Pair Age S - C 52 -0.3269 1.294 -0.687 to 0.033 0.074

Weight S (kg) 52 12.187 6.023 -- --

Weight C 52 12.462 6.392 -- --

Pair Weight S - C 52 -0.2750 1.435 -0.675 to 0.125 0.173

pO2 1 S (mmHg) 52 53.000 4.736 -- --

pO2 1 C 52 53.865 3.825 -- --

Pair pO2 1 S - C 52 -0.865 5.957 -2.524 to 0.793 0.300

pCO2 1 S (mmHg) 52 56.096 3.057 -- --

pCO2 1 C 52 55.096 2.885 -- --

Pair pCO2 1 S - C 52 1.000 3.641 -0.014 to 2.013 0.053

S: Surgery group. C: Control group. M: male. F: female. pO2 1: Arterial blood pO2 after 30 minutes of
mechanical ventilation. pCO2 1: Arterial blood pCO2 after 30 minutes of mechanical ventilation.

Chest radiography after 12 hours of mechanical ventilation showed that the pneumomediastinum
basically disappeared in the surgery group but did not decrease signi�cantly in the control group. The
operative time ranged from 20 to 35 minutes (29.865 ± 3.162). No tracheal or vascular was damaged.
The arterial blood pCO2 after 12 hours of mechanical ventilation and the length of stay in PICU were
signi�cantly lower in the surgery group than in the control group (95% CI -4.649 to -2.813, p < 0.001; 95%
CI -5.021 to -3.325, p < 0.001), while the arterial blood pO2 after 12 hours of mechanical ventilation was
signi�cantly higher in the surgery group than in the control group (95% CI 4.031 to 5.969, p < 0.001). There
were no signi�cant intergroup differences in follow-up (95% CI -1.315 to 0.007, p = 0.053). No recurrence
occurred in either group during 7–14 days of follow-up, and all patients recovered. (Table 2)
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Table 2
Post-operative data

Item n Mean Std. Deviation 95% CI P value

Duration (minute) 52 29.865 3.162 -- --

pO2 2 S (mmHg) 52 76.154 2.363 -- --

pO2 2 C 52 71.154 3.032 -- --

Pair pO2 2 S - C 52 5.000 3.481 4.031 to 5.969 0.001

pCO2 2 S (mmHg) 52 40.385 2.378 -- --

pCO2 2 C 52 44.115 2.349 -- --

Pair pCO2 2 S - C 52 -3.731 3.297 -4.649 to -2.813 0.001

Length S (day) 52 9.789 1.903 -- --

Length C 52 13.962 2.205 -- --

Pair Length S - C 52 -4.173 3.047 -5.021 to -3.325 0.001

Follow-up S (day) 52 10.173 1.654 -- --

Follow-up C 52 10.827 1.735 -- --

Pair Follow-up S - C 52 -0.653 2.375 -1.315 to 0.007 0.053

S: Surgery group. C: Control group. Duration: Duration of surgery. Length: Length, the length of stay in
PICU. pO2 2: Arterial blood pO2 after 12 hours of mechanical ventilation. pCO2 2: Arterial blood pCO2
after 12 hours of mechanical ventilation.

Sample size calculation
The sample size was determined by the mean and standard deviation of the difference in the primary
endpoint, the length of stay in PICU. The paired design data is measurement data, and the difference is
normally distributed (W = 0.981, P = 0.588, δ = -4.173, σ = 3.047, Table 3), using paired t test, and sample
size was calculated following the formula: n=(tα+tβ)2σ2/δ2 [9]. At least 8 pairs were needed for testing.

Discussion
The mediastinal space is a narrow space between organs in the mediastinum that is �lled with loose
connective tissue to accommodate organ activities and changes in volume. The connective tissues of the
mediastinal space extend upwards and are continuous with the connective tissues of the neck. The pre-
tracheal space is located between the upper mediastinum, trachea, bifurcation of trachea, and aortic arch.
It communicates upward with the pre-tracheal space in the neck. Gas can diffuse upwards to the neck
when pneumomediastinum occurs (Fig. 2B). A layer of super�cial fascia exists between the mediastinal
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space and the skin. This layer of super�cial fascia is dense and gas cannot easily diffuse through it. The
pre-tracheal space lies behind the super�cial fascia of the neck, in a rhombic region formed between the
anterior borders of the bilateral sternocleidomastoid muscles and the anterior borders of the bilateral
sternohyoid muscles (Fig. 2A). This area contains the anterior jugular vein, the jugular venous arch, and
the inferior thyroid vein. When performing this procedure, blunt dissection must be used to reduce the risk
of injury to these veins [10].

It is much more di�cult to control the anatomical layer accessed by the incision when using a needle or
small incision to expel gas. Thus, the super�cial fascia may not be punctured due to fear of causing
vascular and nerve injury, resulting in the drainage of only small volumes of gas outside the super�cial
fascia. Even if the super�cial fascia has been punctured and gas can be effectively expelled for a short
while, the super�cial fascia contraction will cause the puncture site to rapidly close, and subsequently,
gas cannot be effectively drained.

In the single incision drainage strip method, although the drainage strip can enter the sub-super�cial
fascial space, the position of drainage strip cannot be easily �xed. Thus, it tends to slip out into the
anatomical layers beyond the super�cial fascia when the forceps are withdrawn, leading to ineffective
drainage.

We used curved forceps for blunt dissection to create a drainage tunnel, which had a clear anatomical
level and precise location, thus preventing damage to the trachea and veins. The drainage strip passed
through a longer route accurately inside the pre-tracheal space to connect the pneumomediastinal space
with the skin incision for su�cient drainage. The signi�cant differences in arterial partial pressure of
oxygen and partial pressure of carbon dioxide in the 12th hour of mechanical ventilation between the two
groups suggest that the surgery could relieve the pressure of tension pneumomediastinum on the airway,
heart, and lungs, improve blood circulation, promote the diffusion and mutual exchange of carbon
dioxide and oxygen, leading to the signi�cant difference in total length of mechanical ventilation between
the two groups. The two ends of the drainage strip were located outside the skin and were �xed, which
facilitates observation. The treatment duration was shortened due to high e�ciency of the operation.
Nevertheless, this procedure raised the risk of infection and skin scarring.

This study aims to provide a standard and effective drainage method for tension pneumomediastinum
occurring from various causes, as well as to provide a reference for the treatment of tension
pneumomediastinum caused by COVID-19. Clinicians should carefully consider the following points
before selecting this method: familiarity with the local anatomical structure of the pre-tracheal region, as
failure to accurately enter the pre-tracheal space will lead to ineffective operation; the method has the
risks of damaging the trachea and increasing the infection routes.

Respiratory function improvements could not be completely attributed to drainage of the tension
pneumomediastinum, as the treatment of primary diseases such as pneumonia and respiratory distress
syndrome also resulted in gas absorption. The contribution of drainage could not be accurately
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determined since the sample size was too small and additional control groups were lacking, affecting the
accuracy of the conclusion.

Conclusions
Our method for draining tension pneumomediastinum improved respiratory function and shortened the
length of stay in PICU. However, further studies are required to con�rm these �ndings.
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Figure 1

Flowchart of this study
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Figure 2

Radiographic data A. The pre-tracheal space: it lies in a rhombic region formed between the anterior
borders of the bilateral sternocleidomastoid muscles and the anterior borders of the bilateral sternohyoid
muscles (the part enclosed by red line); B. The Pre-tracheal Space and the location of drainage: a. The
Pre-tracheal Space, b. Tracheal, c. A drainage strip and the position of drainage, d. Pneumomediastinum;
C. Computer Tomography after 12 hours of drainage.

Figure 3

Operational process A. The positions of the left and right incisions: a. Right incision, b. Left incision; B.
The curved forceps were passed through the pre-tracheal space and the two incisions; C. We used the end
of the curved forceps outside the left incision to clamp one end of the pre-made rubber drainage strip; D.
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The forceps were slowly withdrawn from the dissection tunnel, thereby introducing the drainage strip
slowly into the tunnel.
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