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Abstract

Introduction: Tension pneumomediastinum is an increasingly common condition since the COVID-19 pandemic’s onset. It is a life-
threatening complication with severe hemodynamic instability that is refractory to catecholamines. Surgical decompression with drainage
is the key point of treatment. Various surgical procedures are reported in the literature, but no cohesive approach has yet been developed.

Aim: The aim was to present the available options for surgical treatment of tension pneumomediastinum, as well as the post-interven-
tional results.

Materials and methods: Nine cervical mediastinotomies were performed on intensive-care unit (ICU) patients who developed a ten-
sion pneumomediastinum during mechanical ventilation. The age and sex of patients, surgical complications, pre- and post-interven-
tion basic hemodynamic parameters, as well as oxygen saturation levels, were recorded and analyzed.

Results: The mean age of patients was 62+16 years (6 males and 3 females). No postoperative surgical complications were recorded.
The average preoperative systolic blood pressure was 91+12 mmHg, the heart rate was 104+8 bpm, and the oxygen saturation level was
89+6%, while the short-term postoperative values changed to 105+6 mmHg, 101+4 bpm, and 94+5%, respectively. There was no long-
term survival benefit, with a mortality rate of 100%.

Conclusions: Cervical mediastinotomy is the operative method of choice in the presence of tension pneumomediastinum allowing
an effective decompression of the mediastinal structures and improving the condition of the affected patients without improving the
survival rate.
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INTRODUCTION

taneously reabsorbed tissue air and no difficulties to the
patients.l!) In some cases, however, in the presence of SARS-
One of the observed complications in patients with severe =~ CoV-2, it could be a life-threatening complication requir-
SARS-CoV-2 infection treated with mechanical ventilation ~ ing an emergency surgical procedure.l?! In patients with
is tension pneumomediastinum. In most cases, pneumo-  acute respiratory distress syndrome caused by COVID-19
mediastinum is a self-limiting condition with often spon-  infection, pneumomediastinum may occur spontaneous-
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ly or could be induced by barotrauma during mechanical
ventilation with a large tidal volume, which in turn leads
to its progressive expansion and inability to self-limit.(3!
At the occurrence of tension pneumomediastinum, the
main resuscitation challenges are hemodynamic instabili-
ty with changes in the cardiac electrical activity and hypo-
tension unresponsive to catecholamines, in which surgical
decompression and drainage of the mediastinum are key
points in treatment.l® Although the occurrence of tension
pneumomediastinum as a consequence of SARS-CoV-2 is
increasing since the start of the COVID-19 pandemic and
its therapy is insufficiently described in the literature, there
is currently no universally acknowledged unified approach
to its treatment.

AIM

To present the possibilities for surgical decompression and
drainage in tension pneumomediastinum, and to assess the
short-term and long-term results after the intervention.

MATERIALS AND METHODS

In our hospital from January 2021 to October 2021, 146
patients were treated with invasive mechanical ventilation.
Eleven (7.5%) of them developed pneumomediastinum but
not all of the patients had tension manifestations. A retro-
spective analysis was performed in which 9 (6.1%) of these
patients met the inclusion criteria - mechanically ventilat-
ed patients with SARS-CoV-2 infection that developed ten-
sion pneumomediastinum and underwent cervical medi-
astinotomy. Three of the patients were female and six were
male. The mean age of the examined patients was 62 years,
with the youngest patient being 43 and the oldest being 75
years old. The patients were mechanically ventilated on in-
termittent positive pressure ventilation (IPPV) auto-flow
mode with tidal volumes of 4 to 6 mL/kg; PEEP - 12-15 cm
H,0; respiratory rate - 22-26 breaths/min. The onset of
pneumomediastinum was manifested in all patients with
the appearance of progressively expanding subcutaneous
emphysema, spreading in 2 of the cases over a large area
from the face to the thighs. In all patients, there were cate-
cholamine-refractory hypotension and decreasing oxygen
saturation levels. Seven of the patients underwent chest
radiographs (Figs. 1A, 1B) and two received computed to-
mography (CT) scan of the chest (Fig. 2), which showed
the presence of pneumomediastinum. In 3 of the patients,
it was combined with right-sided pneumothorax (Fig. 3).
An emergency bedside cervical mediastinotomy was
performed as a method of choice for surgical treatment.
The surgical access consists of a 30- to 40-mm transverse
incision just above the sternal notch, followed by blunt
dissection with a finger and Kelly clamp with a plane and
direction of dissection along the posterior wall of the ster-
num, reaching the pericardium and separating its adipose

tissue from the bone, opening the mediastinal space, and
relieving the compressed anatomical structures of the accu-
mulated air collection. After the blunt dissection, a corru-
gated drain sheet was placed in the formed tunnel to keep
it continuously open and prevent a subsequent recurrence.
No suturing was performed except in cases of bleeding
from major vessels unable to be stopped by other tech-
niques. In patients with pneumothorax, an additional chest
tube was inserted through the 5th or 6th intercostal space
along the mid-axillary line and pleural aspiration was per-
formed. The following values were monitored: basic hemo-
dynamic parameters, particularly systolic blood pressure
(mmHg) and heart rate (bpm), the oxygen saturation level
(%), and the settings of mechanical ventilation parameters
at 6 hours of intervention.

F

Figure 1. A. Chest radiography: shows tension pneumomedias-
tinum with massive subcutaneous emphysema; B. Chest radiog-
raphy: the same patient after drainage procedure.
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Figure 3. CT scan shows tension pneumomediastinum with

right sided pneumothorax.
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RESULTS

After performing cervical mediastinotomy for decompres-
sion in seven of the patients, an increase in systolic blood
pressure by a mean value of 19 mmHg was observed up to
6 hours after the intervention. The other two did not show
a significant change in their blood pressure for the first 6
hours (Fig. 4)

Heart rate in all patients decreased by a mean value of
15 beats per minute after the drainage procedure (Fig. 5).

Oxygen saturation levels were increased by a mean value
of 7% in 6 patients and no improvement was found in 3
patients (Fig. 6).

At 6 hours of the procedure, the ventilation mode was
reconfigured by reducing the PEEP by 4 cm H,O and the
respiratory rate to 9 breaths/min on average, as well as in-
creasing the mean value of tidal volume by 0.9 ml/kg. There
was one registered complication from all the 9 procedures
and it was postoperative bleeding from the wound. Surgi-
cal hemostasis with suture was made and the bleeding was
stopped. Despite the performed procedures, the registered
mortality rate of the studied patients was 100% but none
of the death cases was associated with complications from
the mediastinotomy procedure. All the patients died due
to sepsis-associated multiple organ dysfunction syndrome
(MODS) which is one of the major causes of death in all
critically ill SARS-CoV-2 patients. The overall mortality
rate of the mechanically ventilated patients with SARS-
CoV-2 in the intensive care unit for the study period was
91% (133). Patients died on average at 13 (6-31) days after
the development of tension pneumomediastinum.
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Figure 4. Systolic blood pressure (mmHg) before and after the procedure in studied patients.
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Figure 5. Heart rate (beats/min) before and after the procedure in studied patients.
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Figure 6. Oxygen saturation level (%) before and after the procedure in studied patients.

DISCUSSION

There are still insufficient number of published studies
on the incidence of pneumomediastinum in COVID-19
with its tension manifestations and surgical treatment. The
pneumomediastinum is a condition that can occur sponta-
neously or secondary due to different factors and in both
cases, it is mostly associated with the SARS-CoV-2 infec-
tion. In most of the cases described before the COVID-19
pandemic, this is a condition of no particular clinical sig-
nificance due to its tendency for spontaneous reabsorption
and lack of potential for expanding and tension manifes-
tations.[°! In the Department of Critical Care Medicine,
where critically ill COVID-19 patients were treated, the
frequency of pneumomediastinum was 7.5% and 80% of
these patients had tension manifestations. Its clinical signs
are tachycardia, cardiac electrical activity abnormalities,
but the most significant symptoms of tension pneumome-
diastinum due to compression of the heart and lungs are

manifested by hemodynamic collapse and impaired respi-
ratory functions.[%7]

Tension pneumomediastinum is a rare but life-threat-
ening condition in critically ill patients with SARS-CoV-2
infection. The main cause of this complication is high-
end expiratory pressure ventilation, widely used to treat
COVID-19-related acute respiratory distress syndrome
and the barotrauma caused by mechanical ventilation. As
a result of these factors, there is diffuse alveolar damage.”!
Most of the affected alveoli are located on the mediastinal
surface and rupture due to the pressure gradient from the
alveoli to the perivascular sheaths leading to interstitial em-
physema in the mediastinum, described in the literature as
a Macklin effect. In patients with SARS-CoV-2, the altered
lung parenchyma may form a one-way pleural valve within
the mediastinal border, subsequently contributing to the
retention of air in the mediastinum. Increased pressure
leads to compression of the mediastinal contents, particu-
larly the large vessels, and leads to reduced cardiac preload,
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hypotension with tachycardia, and subsequent cardiovas-
cular collapse.l!

Several methods for decompression in tension pneu-
momediastinum have been described and one of the most
widely used is the bedside cervical mediastinotomy per-
formed in our study. Other reported techniques include
placement of bilateral chest tubes, repeated fluoroscop-
ic-guided percutaneous pneumomediastinum decompres-
sion, and thoracoscopic mediastinotomy.®!

Due to the respiratory and hemodynamic instability in
the diseased patients, as well as the risk of carrying a viral
aerosol during transport, the emergency bedside cervical
mediastinotomy technique could be an appropriate option
for solving tension pneumomediastinum. )

In patients requiring mechanical ventilation, mortality
rates have been reported to be as high as 97%.(1% The ten-
sion pneumomediastinum subgrouping made the number
of patients too small and is insufficient to establish the dif-
ferences between the studied patients and those with a con-
dition uncomplicated by pneumomediastinum.

CONCLUSIONS

Bedside cervical mediastinotomy with drainage for decom-
pression could be considered as an appropriate treatment
option of tension pneumomediastinum in patients with
SARS-CoV-2. The performed interventions on the exam-
ined patients did not show any improvement in survival
rate, which we could associate with the severe progression
of the main disease with the appearance of pneumomedi-
astinum predicting the poor prognosis of the condition.
More studies with a larger number of patients are required

Surgical Management of Tension Pneumomediastinum

to confirm the need for mediastinotomy, in terms of the
benefits of the method and patient survival rate.
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Pe3tome

BBefieHne: TeH3MOHHbII ITHEBMOMEIMACTUHYM CTaHOBUTCSA BCE 6oJiee PACIPOCTPAaHEHHBIM COCTOAHMEM C Hadaja IaH[eMUM
COVID-19. 910 omacHoe i XM3HM OCIOKHEHNMe C TKENOI reMOAMHAMIUYeCKOil HeCTabMIbHOCTEI0, pedpaKTepHON K KaTexosa-
MMHaM. XMpyprudeckas JeKOMIPeCCHs C [peHNPOBaHNIeM ABIACTCA KII0OUeBBIM MOMEHTOM JledeHus. B mureparype coobiaercs o
Pa3NMUMYHBIX XMPYPIUIECKIX IPOIeiypax, HO eAVHbIIl IOAXO] ellé He pa3paboTaH.

ueﬂb: HpeJICTaBI/ITI) MOCTYITHDBIE BapMAHThI XVPYPTMIECKOI0 JIEYEHNA TEH3VMOHHOTO ITHEBMOMEANACTIHYMA, a TaK)K€ PE3Y/IbTaThI I10-
CZIEOIIEPALIVIOHHOI'O BMEIIATE/IbCTBA.

Matepuanbl U MeTofbl: [IeBATh IIeHBIX MEAMACTUHOTOMMII OBUIM BBIIOTHEHDI Y MALMEHTOB OTHE/IeHNs MHTEHCUBHON Tepamnuu
(OIT), y xoTopbix Bo Bpems VIBJI pasBuiicsi TeH3MOHHBIII MTHEBMOMEMACTIHYM. PerucTpupoBanu 1 aHamM3upoBaIy BO3pacT U MO
HAIYIeHTOB, XMPYPIUYecKe OCTTOKHEHN A, OCHOBHbIE IIOKa3aTe/V TeMOIVMHAMMKI IO Y TT0C/Ie BMEIIATe/NbCTBA, a TAK)KE YPOBEHD caTy-
paLuy KUCIopoya.

Pesynbratbl: CpenHuit BO3pacT MalMeHTOB COCTaBMI 62+16 yieT (6 My>K4uH U 3 skeHILMHbI). [Toc/ieonepalioHHbIX XUPYPIUIECKUX
OCTIOKHEHUIT He 3aperncTpupopano. CpeHee HOOTIEpaIMOHHOE CHCTONMIMYECKOe apTepranbHOe AaBieHe coctapuao 91+12 mmHg,,
YacTOTa CepJieYHbIX CoKpatlernit 104+8 bpm, yposeHb caryparun kucnopona 89+6%, a OrmvpKaiiiime ocaeoneparioHHble 3HaYeHUA
n3MeHWMCh 1o 105+6 mmHg., 101+4 bpm. 1 94+5% coorBeTcTBeHHO. He yCTaHOB/IEHO HMKAKOTO IPEMMYILIECTBA B IJIaHE JJO/ITO-
CPOYHOIT BBDKMBAEMOCTH, CMEPTHOCTb cocTasuia 100%.

3akntoueHue: lleitHas MeaMacTUHOTOMIS SIB/ISIETCS OLEPATUBHBIM METOLOM BbIOOpaA TP Ha/TNINN TEH3MOHHOTO THEBMOME/ACTI-
HyMa, T03BO/LAIOLINM IPoBecTy 9 (HEeKTUBHYIO ZeKOMIIPECCHIO CTPYKTYP CPEROCTEHNS 1 YIYUIINTD COCTOSIHME OCTpafaBIINX 6e3
YBeIUYEHMA BbDKMBAEMOCTI.

KnwoueBble cnoBa

MepuactuHoToMust, nHPekiyst SARS-CoV-2, TeH3MOHHBII THEBMOMEMACTUHYM
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