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Abstract

Background: Tension pneumomediastinum is one of the most serious complications in COVID-19 patients with res-
piratory distress requiring invasive mechanical ventilation. This complication can lead to rapid hemodynamic instabil-
ity and death if it is not recognized in a timely manner and intervenes promptly.

Case presentation: We reported 7 COVID-19 patients with tension pneumomediastinum at a field hospital. Al
patients were critically ill with ARDS. These 7 patients, including 3 females and 4 males in this series, were aged
between 39 and 70 years. Tension pneumomediastinum occurred on the first day of mechanical ventilation in 3
patients and later in the course of hospital stay, even 10 days after being intubated and ventilated. The tension pneu-
momediastinum caused hemodynamic instability and worsened respiratory mechanics with imminent cardiopulmo-
nary collapse. In this series, we used two surgical techniques: (i) mediastinal decompression by suprasternal drainage
with or without simultaneous pleural drainage in the first two cases and (i) mediastinal drainage via suprasternal and
subxiphoid incisions in 5 patients. The surgical procedures were feasible and reversed the pending cardiopulmonary
collapse. Four patients had a favorable postprocedural period and were discharged from the intensive care center.
Both patients undergoing suprasternal drainage died of failed/recurrent tension pneumomediastinum and nosoco-
mial infection. Only one in five patients who underwent mediastinal drainage via suprasternal and subxiphoid inci-
sions died of septic shock secondary to ventilator-associated pneumonia.

Conclusion: Tension pneumomediastinum was a life-threatening complication in critically ill COVID-19 patients
requiring mechanical ventilation. Surgical mediastinal decompression was the salvage procedure. The surgical
technique of mediastinal drainage via suprasternal and subxiphoid incisions proved an advantage in tension relief,
hemodynamic improvement and mortality reduction.
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Background

Tension pneumomediastinum (TPM) is a rare but life-
threatening condition in which air accumulates under
pressure in the mediastinum. Pneumomediastinum can
be primary or secondary [1]. To the best of our knowl-
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also causes profound hemodynamic instability requir-
ing emergency extracorporeal membrane oxygenation
(ECMO) [7].

Based on experiments on a feline model, Macklin and
Macklin in 1944 suggested the pathogenesis of pneu-
momediastinum: high airway pressure caused alveoli to
rupture, releasing along the peribronchial and perivas-
cular sheaths to the mediastinum [8]. Until late in 2020,
Urigo et al. noted only a few cases of pneumomediasti-
num in the literature [9]. There are no data on TPM inci-
dence in COVID-19 patients, but we might assume that
this condition, also caused by alveolar rupture similar to
pneumothorax, increases in those who require invasive
mechanical ventilation. It has been shown that although
the incidence of pneumothorax is as low as 0.3% in hospi-
talized COVID-19 patients, this increased to 12.8-23.8%
in those with severe respiratory distress requiring inva-
sive mechanical ventilation, with a mortality rate up to
100% [10].

TPM in non-COVID-19 patients can be drained under
computerized tomography (CT) guidance [8]. This was
not feasible at a field hospital when the number of criti-
cally ill COVID-19 patients peaked. There are three dif-
ferent techniques in surgical intervention for TPM:
decompression via an incision in the suprasternal notch
with blunt finger dissection; the modified Chamberlain
procedure; and mediastinal drainage via suprasternal and
subxiphoid incisions [5, 11]. The modified Chamberlain
procedure was carried out successfully in a COVID-19
patient with TPM [5]. Mediastinal drainage under CT
guidance was performed in another patient [6]. Medias-
tinal drainage via suprasternal and subxiphoid incisions
was successful in two COVID-19 patients with TPM [3,
4].

This case series is the first report of surgical mediasti-
nal drainage in Vietnamese COVID-19 patients who were
mechanically ventilated and experienced TPM. Of inter-
est, all these cases were carried out at a field hospital dur-
ing the zenith of the COVID-19 pandemic.

Case presentation

Case 1

The first case was a 34-year-old male nonsmoker with
no chronic comorbidity except overweight (BMI: 26 kg/
m?). The patient was admitted to our center in August
2021 following respiratory distress due to a SARS-CoV-2
infection. He was intubated one day after admission
because of the worsening acute respiratory distress syn-
drome. The right pleural drain was inserted on the same
day due to the right pneumothorax. We placed him in a
prone position with a positive end-expiratory pressure
(PEEP) of 12 cmH,0, a fraction of inspired oxygen (FiO,)
of 100%, tidal volume (V,) of 8 ml/kg, peak inspiratory
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pressure (Pp,) of 40 cmH,O, plateau pressure (P,,) of
32 cmH,0, and static lung compliance (C,) of 12 ml/
c¢cmH,0O. Upon recognition of subcutaneous emphysema
during routine physical examination, a chest X-ray was
ordered that confirmed 1 mcg/kg/min. We decided to
perform left pleural drainage with a 28 F tube and medi-
astinal decompression via a suprasternal notch incision
with blunt finger dissection. After the procedure, his car-
diopulmonary status did not improve. The patient died
5 h after drainage (Patient 1 in Table 1).

We continued to perform the same technique on
another patient (Patient 2 in Table 1). Initially, the pro-
cedure successfully decompressed the mediastinum, but
TPM reoccurred on postoperative day 5. The patient died
on day 7 postoperatively due to recurrent TPM and sep-
tic shock.

Case 2

Following the failure of mediastinal decompression with
suprasternal drainage in the first two cases, we switched
to mediastinal drainage via suprasternal and subxiphoid
incisions in the next 5 cases. We present the first of 5
cases (Patient 3 in Table 1).

A 69-year-old female, nonsmoking patient with a BMI
of 27 kg/m? and arterial hypertension. She was admit-
ted to our center in September 2021 after a SARS-
CoV-2 infection that quickly led to respiratory failure.
The patient was put on prone mechanical ventilation for
severe ARDS with PEEP 10 cmH,O, FiO, 75%, V, 6 ml/
kg, Pyea 31 cmH,0O, Py, 20 cmH,0, and C, 21 ml/
c¢cmH,0. On the 9th day of mechanical ventilation, her
hemodynamics became unstable, requiring intravenous
noradrenaline at 0.9 mcg/kg/min. Physical examination
and chest X-ray confirmed subcutaneous emphysema
and pneumomediastinum. The urgent thoracic CT scan
revealed a large pneumomediastinum that compressed
the heart and superior vena cava (Fig. 1).

We performed mediastinal drainage via suprasternal
and subxiphoid incisions. A 28 French was inserted and
connected with a continuous negative suction at —20
cmH,0. Immediately after the procedure, her hemody-
namics were stabilized; the ventilator settings improved,
with FiO, down to 40%, PEEP 8 cmH,0, P, 29 cmH,0,
Ppat 24 cmH,0, and Cg, 25 ml/ cmH,O. Chest X-ray
confirmed a clear reduction in TPM and subcutaneous
emphysema (Fig. 2). She was extubated on the day, and
the draining tube was removed on day 5 of the procedure.
The patient was discharged in good health on day 30 after
admission.

This first successful case encouraged us to continue
the surgical technique of mediastinal drainage via
suprasternal and subxiphoid incisions in the other 4
cases (Patient 4 to Patient 7 in Table 1). Briefly, in all
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Fig. 1 Thorax computed tomography of tension pneumomediastinum before decompression. Left panel: An important accumulation of air in
the upper mediastinum extending downward to the preperitoneal cavity (five-point stars). Right panel: In addition to the pneumomediastinum,
computed tomography showed diffuse subcutaneous emphysema (four-point stars)

Zoom: 116%

tube

Fig. 2 Chest X-ray taken before and after insertion of the drainage tube. Left panel: The chest X-ray taken before drainage shows the presence of
remarkable pneumomediastinum. Right panel: The TPM resolved completely after the procedure. The arrowheads indicate the mediastinal drain

5 cases, the procedure successfully decompressed the
affected mediastinum and prevented recurrent TPM.
Four patients experienced a favorable postprocedural
stay and were discharged from the COVID-19 intensive
care center. Unfortunately, one patient died of septic
shock secondary to ventilator-associated pneumonia
despite the initial cardiopulmonary improvement.

Discussion and conclusion

Pneumomediastinum can be primary or secondary. Sec-
ondary pneumomediastinum is a well-known complica-
tion in ARDS patients undergoing mechanical ventilation
[1]. The most dangerous form of pneumomediastinum is
life-threatening TPM [9]. The COVID-19 pandemic has
increased the number of patients with ARDS requiring
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Fig. 3 Surgical mediastinal drainage combining suprasternal and subxiphoid incisions. Left panel: The drawing illustrates the technique of inserting
the drainage tube. The lower incision is the entrance site of the tube that is advanced upward with the help of the index finger via a suprasternal
incision to avoid trauma to the large vessels in the mediastinum. Right panel: The drainage tube is in place

mechanical ventilation worldwide and severely affected
Vietnam in August and September 2021. As a conse-
quence, the incidence of TPM increases [8]. Review-
ing the current medical literature, we found 10 cases of
TPM in COVID-19 patients worldwide: 2 cases under-
going mediastinal drainage, 1 case undergoing modified
Chamberlain, 1 case undergoing drainage with CT guid-
ance, 3 cases with bilateral pleural drainage, and 3 cases
with conservative management. In three patients with
conservative management, one died, one had hypoxic
encephalopathy, and the last case required ECMO and
survived [3-9].

Rapid changes in hemodynamic and respiratory func-
tion without apparent cause suggest the occurrence of
TPM in a ventilated patient, but imaging confirms the
diagnosis. Chest X-ray initially demonstrates the pres-
ence of air in the mediastinum and around the heart sil-
houette. In advanced TPM, a chest X-ray may reveal the
earth’s heart sign due to left heart chambers being com-
pressed, leading to reduced filling [9]. Chest CT is the
method of choice to visualize the presence of air in the
mediastinum and the compressing effects on the heart.
The common acoustic windows in echocardiography,
when interfered with with air, are also suggestive if clini-
cal manifestations and other complementary examina-
tions are consistent with a pneumomediastinum.

We reported surgical intervention as a rescue treat-
ment for 7 patients with TPM in Vietnam for the first

time. The procedure was performed at a field hospital
under the restraint of the facility and patient overload.
TPM occurred in 1.5% of all patients undergoing invasive
mechanical ventilation. There were three female and four
male patients in our series. The youngest was 34, and the
oldest was 70 years old. A majority of patients (6/7) were
obese. The P/F ratio ranged from 60 to 110, indicating
moderate to severe ARDS. Prone ventilation was prac-
ticed in 6 patients. PEEP at the time of TPM diagnosis
ranged from 10 to 14 cmH,0. TPM occurred immediately
on the first day of mechanical ventilation but was also
delayed after 10 days.

At a field hospital, mediastinal drainage with CT guid-
ance for TPM described by Garcia et al. [7] was not feasi-
ble, and the recurrence rate was high [11]. The modified
Chamberlain procedure [6] was challenging at a field
hospital, and the invasiveness is not lower than the tech-
nique of sternal notch and subxiphoid incisions. That was
why we did not use these techniques in our practice. We
performed bilateral pleural drainage and incision in the
suprasternal notch with blunt finger dissection in the
first patient. The patient died 5 h after the procedure, as
the TPM was not resolved. In the second case, we used
the same technique of blunt finger dissection without
pleural drainage. The procedure was only partially suc-
cessful in relieving tension, but TPM reoccurred after
5 days. The patient died of septic shock and cardiopul-
monary instability secondary to recurrent TPM. After
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the failure of one suprasternal drainage, we decided to
perform mediastinal drainage via two incisions at the
suprasternal notch and subxiphoid area and continuous
suction (Fig. 3). Technically, the procedure was successful
in all 5 patients: the TPM was effectively drained without
recurrence. The improvement in haemodynamics in all 5
patients was recognized immediately after the insertion
of the draining tubes. An urgent ECMO about to start in
one patient was canceled when the collapsed cardiopul-
monary system regained normal function quickly after
drainage.

Our case series suggests that in COVID-19 patients
with TPM, mediastinal drainage via suprasternal and
subxiphoid incisions is superior to finger blunt dissec-
tion and more feasible than other surgical procedures
in the condition of field hospitals. Mediastinal drainage
via two incisions at the suprasternal notch and subxi-
phoid area in COVID-19 patients with life-threatening
TPM was feasible and effective in relieving the devas-
tating compression on the cardiopulmonary system.
This technique, combined with continuous suction via
a draining tube, would prevent recurrent TPM. Medi-
dastinal drainage via suprasternal and subxiphoid inci-
sions can be performed at a field hospital as long as a
well-trained and engaged thoracic surgeon is available.
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