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Abstract
Purpose of Review Subcutaneous emphysema is often observed by clinicians in the context of pneumothorax. It is usually
clinically insignificant, but in a few cases can progress to threaten the patient’s vision or airway. A variety of approaches to
management of such cases are described in the literature. There no controlled trials and no guidelines on management, other than
that the cause should be identified and treated wherever possible. The goal of this article is to review the described approaches to
subcutaneous emphysema in pneumothorax and provide a reference to the clinician.
Summary Treatment can be directed primarily towards treating an underlying pneumothorax and / or towards the subcutaneous
emphysema. These are not mutually exclusive approaches. Management of the underlying pneumothorax includes conservative
management; use of negative suction; siting of wider bore intercostal drains and definitive surgical management. Management of
subcutaneous emphysema may include decompression techniques such as: ‘blow hole’ incisions or subcutaneous angio-catheters
or tunnelled drains.

In the current absence of controlled trials is not possible to comment on the efficacy of these techniques: no recommendations
on management of subcutaneous emphysema in pneumothorax can be made. Management will be significantly influenced by
local technical expertise and patient factors for the foreseeable future.
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Introduction it has been reported in 27% of trauma and rib fracture patients

and in 15-20% of patients who underwent intercostal drainage

Subcutaneous emphysema (SCE) is the finding of air or gas
beneath the skin. Clinically, it is recognised as crepitus which
has a pathognomonic tactile sensation of ‘walking in the
snow’. Radiographically, it appears as radiolucent striations
that traverse the subcutaneous tissues and muscle.
Subcutaneous emphysema is a recognised complication of
pneumothorax and is found more commonly in association
with pneumothorax than other pathologies [1, 2]. There are
no clear data on the incidence of SCE with pneumothorax but
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treatment of their pneumothoraces [3]. Approximately 7% of
patients develop SCE following medical thoracoscopy [4].

No guidelines on the management of subcutaneous emphy-
sema exist. There are several case-based recommendations in
the literature, but no controlled trial has been conducted to
date. This article aims to review the techniques described in
successful management of SCE.

Methods

A literature search was performed using PubMed and Google
Scholar databases to identify studies published from 1990 to
2020 that contained the terms ‘subcutanecous emphysema’,
‘surgical emphysema’ and ‘chest drain/tube complication(s)’.
We also manually searched the reference lists of studies iden-
tified and searched the websites of the British Thoracic
Society, European Respiratory Society, Resuscitation
Council UK, NICE and Cochrane for specific guidance relat-
ed to subcutaneous emphysema.
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Articles were excluded if they were not published in
English. Our search identified 54 articles. Eight of these were
excluded as they related to subcutaneous emphysema in clin-
ical contexts other than pneumothorax.

Aetiology

Subcutaneous emphysema is thought to arise in spontaneous
pneumothorax through the ‘Macklin Effect’ [5]. The rupture of
alveoli in a spontaneous pneumothorax is followed by an air
leak into the loose connective tissue surrounding the pulmonary
vasculature. This air tracks centripetally along the broncho-
vascular sheath to the mediastinum. From here, aberrant air is
free to follow a continuum of fascial planes that connect the
mediastinum and soft tissues. This has been demonstrated in
animal studies and can be observed on CT imaging [5].

In traumatic pneumothorax, and in patients treated with an
intercostal drain, SCE can result when the parietal pleura is
breached. This creates a direct pathway for air into the subcu-
taneous tissue. In the case of patients with an intercostal drain
(ICD) in-situ for whom SCE is evolving, it is hypothesized
that the volume of air passing through the parietal pleura from
the pleural cavity into subcutaneous tissues exceeds the vol-
ume of air being removed from the pleural cavity by the in-
tercostal drain [6]. This could be due to the imbalance in flow
rate between a large tear in the parietal pleura and a relatively
small bore intercostal drain [7]. Intercostal drain blockage is
an example of such an imbalance, and in one series of 25
patients who had subcutaneous emphysema following ICD
insertion, drain blockage was the root cause in 6 cases [3].

Subcutaneous emphysema can also arise from migration of
the side port of the ICD into the chest wall [3] (suggesting
inadequate anchorage) and was responsible for a fifth of cases
of SCE in the aforementioned series [3]. Side port migration
has been a commonly reported cause in other series [8].

Positive pressure ventilation with the adherent increase in
flow rates and pressure across the pleural space into subcuta-
neous tissues may also result in SCE.

Additionally, subcutaneous emphysema has been reported
with bronchopleural fistulae which often result in persistent,
refractory pneumothoraces.

Multiple intercostal drain siting similarly heighten the risk
of SCE [3].

Morbidity & Mortality

In most cases subcutaneous emphysema is self-limiting how-
ever; it can be a source of discomfort, dislurement and distress
to the patient in the interim.

In a minority of patients SCE can be extensive with tension
phenomenon leading to dysphagia, dysphonia, palpebral

closure and even airway compromise requiring endotracheal
intubation [9].

There are case reports of deaths due to SCE as a result of
precipitant ventilatory failure [10—12] while it has been asso-
ciated with patient deterioration and death by others [13]. It is
not possible to estimate mortality rates from SCE given the
selective nature of case reports but, it is not insignificant. In
their series of patients being treated for pneumothorax with an
intercostal drain, Jones et a/ found an increase in mortality in
patients with SCE (16% versus 5% in cases where SCE was
not present). In the same series it was also noted that SCE was
associated with increased length of patient hospital stay (mean
17.5 days versus 11.8 days where SCE was not present) [3].

Subcutaneous emphysema related patient morbidity may
be significant with resultant serious adverse sequelae de-
scribed in the literature including blinding, compartment syn-
drome, pacemaker malfunction and intracranial hypertension

[14] (Fig. 1)

Management Options
Initial management

Most SCE is self-limiting and resolves spontaneously without
intervention. However, massive subcutaneous emphysema—
that extending beyond the torso into the neck and head (1) —
should be addressed to prevent the complications described
above.

Initial management should commence with an assessment
of the patient: Any suggestion of impending airway compro-
mise (e.g., progressive dysphonia or, in more advanced cases,
stridor) should be addressed first. The patient may require sup-
plemental oxygen: It has been hypothesized that oxygen ad-
ministration may be of benefit in resorption of air in the case of
a continued air leak. The mechanism may be a reduction of the
partial pressure of nitrogen in the pleural space relative to ox-
ygen, which is more easily absorbed. [15] Supportive evidence
is lacking for this approach however, and it is not part of current
guidelines for management of pneumothorax.

The BTS Pleural Diseases Guidelines suggest that manage-
ment of subcutaneous emphysema should begin with a concert-
ed effort to identify the cause [4]. The most reliable investigation
for complications of pneumothorax (including SCE) is thoracic
CT. Therefore, in patients without an intercostal drain in-situ
who have significant clinical SCE or SCE visible on chest ra-
diograph (SCE can render an underlying intrathoracic cause
invisible on plain film) it would be reasonable to obtain a CT
thorax as soon as it is safe to do so.

If the patient has SCE in the context of a pneumothorax
then the causative pneumothorax should be treated with an
intercostal drain if it is possible to do so. In the context of
trauma, a larger bore drain >28F has traditionally been
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Fig. 1 a & b. Axial and coronal
slices of a computed tomography
scan of thorax demonstrating
severe subcutaneous emphysema.
This study was from a patient
treated at our medical centre who
had pneumothorax and pneumo-
mediastinum in the context of
metastatic renal cell carcinoma.
The arrow denotes metastatic
erosion through the chest wall
leading to pneumothorax.

recommended given the potential need for air and/or blood to
be evacuated [16] although recent evidence suggests a 14F
drain is sufficient where there is pneumothorax only; smaller
bore drains are better tolerated by patients [17].

In the case of spontaneous pneumothorax the consensus rec-
ommendation is for insertion of a smaller bore (<14F) intercostal
drain [4, 18] For patients who already have an intercostal drain
in-situ if SCE develops, it is important to ensure that the drain is
appropriately placed with all side ports in the thoracic cavity, and
that it is neither kinked, blocked or clamped [8, 19]. If there is
doubt about the patency of the ICD this may be assessed by
flushing it with a small volume of sterile normal saline.

If the patient has a functioning intercostal drain and the
SCE does not resolve or increases, there are a number of
options available to the physician. These options are directed
at treating either i) the underlying pneumothorax or ii) the
subcutaneous emphysema itself. Addressing the subcutaneous
emphysema alone may be the only option for physicians
looking after patients with SCE from a pneumothorax that
cannot be safely drained (e.g., due to its very small size) or
if the patient refuses an intercostal drain [20¢] or if the end goal
of treatment is symptomatic relief only.

The following treatment options are directed primarily at
subcutaneous emphysema related to underlying pneumotho-
rax but may be extended to management of SCE arising sec-
ondary to pulmonary resection [21] or tracheal or oesophagus
perforation [22, 23].

Placing an existing intercostal drain on suction

Traditional one-bottle chest drainage systems and digital thoracic
drainage systems allow for the application of negative pressure
suction to the pleural cavity. In the case of one-bottle systems this
is regulated by the height of a column of water in the suction
control chamber. The principle in subcutaneous emphysema, is
to increase flow into the chest drain and thereby reduce flow into
subcutaneous tissue. There is no consensus on the amount of
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suction that should be applied to the chest drain in the context
of SCE. The degree of suction pressure used in the context of
SCE within the literature falls within the range -0.5kPa to -5kPa
(-5 to -5lem H,0) [21, 24-27]. A survey of leading pleural
physicians and thoracic surgical consultants at hospitals in the
United Kingdom' found the suction pressures they used in SCE
varied across the same range (-0.5kPa to -5kPa) with a median
starting pressure of -2kPa used.

No comparative studies of the efficacy or safety of differing
levels of negative pressure suction for SCE in pneumothorax
have been performed. There have been some small random-
ized trials on the application of suction to chest drains inserted
after pulmonary resection. A meta-analysis of these trials in
2010 was unable to draw firm conclusions on the efficacy of
suction post-surgically, finding no statistically significant dif-
ference in duration of prolonged post-operative air leaks be-
tween suction and non-suction patient groups [28].

Harm from application of suction to chest drains is rarely
reported in the literature. There is one report of lung segment
entrapment and infarction in a chest drain to which very neg-
ative suction was applied [29] however, the more commonly
occurring complication is patient discomfort and intolerance.

Siting a wider bore intercostal drain

Some physicians advocate replacing a small-bore drain with a
larger bore drain to allow a greater total flow rate of air— this
should hypothetically have a potent effect as flow rate is pro-
portional to the fifth power of the radius of the tube (Fanning
equation) [7]. A patient with resistant subcutaneous emphyse-
ma, despite application of high negative pressure suction, is
documented as having improved following siting of a wider
bore drain (28F) [30].

In their seven year retrospective cohort study, Cerfolio et al
evaluated 255 patients with SCE following elective surgery

! Unpublished questionnaire data (n=21)



Curr Pulmonol Rep (2021) 10:92-97

95

for pulmonary resection. All of these patients were treated
with a 28F intercostal drain to which -40 cmH,0 of suction
was applied. Some of these patients also had a second inter-
costal drain sited. Of the latter group, the majority 170 (67%)
experienced resolution of their subcutaneous emphysema. It is
difficult to know if these results are generalizable to SCE in
spontaneous pneumothorax or other causes of pneumothorax,
particularly as the SCE experienced by this group was fre-
quently noted to be due to air leaking into the subcutaneous
tissues directly from lung that had adhered to the chest wall
post-operatively [21].

Draining the subcutaneous emphysema via ‘blow
holes’

Subcutaneous emphysema can be decompressed directly through
incisions in the skin, so called ‘blow holes’. There are multiple
reports in the literature of recalcitrant SCE being successfully
drained in this manner, with several variations in the technique
described. Unilateral and bilateral [1, 31] incisions of between 2-
4cm in length deep to the external thoracic fascia have been used
[1, 32]. These have been placed in both supra-clavicular and
infraclavicular positions [32] usually in the midclavicular line.
One of the most noteworthy reports of ‘blow holes’ is the series
of 4 ICU patients (3 post thoracic surgery, one patient with
ARDS) reported by David Herlan et al in 1992. 3cm bilateral
infraclavicular incisions down to the pectoralis fascia successful-
ly resolved the SCE in all four patients within 2- 4 days. These
results are impressive given that each patient from the series had
(1) a massive degree of subcutancous emphysema without obvi-
ous pneumothorax (ii) three of the patients were displaying ten-
sion phenomenon from the SCE (iii) one patient was undergoing
positive pressure ventilation and (iv) re-intubation was avoided in
one patient [33¢].

Following the ‘blow hole’ incisions massage is often per-
formed to manually decompress air from the holes — and is
reported as significantly accelerating resolution of SCE. In
some cases negative pressure wound devices have also been
applied on top of the blow hole incisions, operating at pres-
sures of -100 to -150mmHg (-13 to -20kPa) with reported
good results [34-36]. Disadvantages to the use of blow holes
treatment include poor results if an insufficient depth is in-
cised and cosmetic and infection risks [1].

Draining the subcutaneous emphysema via
subcutaneous angio-catheters

Another option is to place fenestrated angio-catheters into the
deep and oblique fascial layers of the chest wall. In 2002 Beck
et al described the use a fenestrated 14G venflon placed into the
subcutaneous tissue of a patient with SCE under local anaes-
thetic, 2-3cm lateral to the midclavicular line. The fenestrations
were made to the catheter over its steel stylette using a scalpel in

a spiral pattern (to increase rigidity). The angio-catheter was
inserted subcutaneously medially at a 45° angle so the tip ended
approximately 1 to 1.5cm deep to the skin before being secured.
Multiple variations of this technique have been described re-
garding, the number of angio-catheters used, positioning of the
catheters, and the depth and angle of placement within the
subcutaneous tissues [27, 37]. The technique has also incorpo-
rated attaching the catheter to an underwater seal as well as
compressive massage to enhance drainage [6, 38].

In their series of 12 post thoracic surgery patients for whom
SCE was treated with angio-catheters and compressive mas-
sage 3-4 times per day, Leo ef al confirmed successful treat-
ment in <3 days for 11 patients. No instances of infection were
reported but they did note that the angio-catheters usually
became obstructed with clot over time — a finding they noted
on removing the angio-catheters [39].

Draining the subcutaneous emphysema via
subcutaneous drains

Rather than draining the subcutancous space via angio-
catheters which, have the potential to kink or block relatively
easily, one can use tunnelled subcutaneous drains. The tech-
nique for this procedure is described in Tran, Mizumoto &
Mehanna 2018 [24] and O’Reilly, Chen & Wiseman 2013
[40°]. Tt involves creation of a subcutaneous tract superficial
to the pectoral fascia using blunt dissection into which a pre-
pared (sometimes fenestrated) chest drain is inserted before
being secured, connected to a chest drain bottle and underwa-
ter seal and (sometimes) placed on low suction.

There are reports of successful use of adapted 12F
(Seldinger) drains inserted i) unilaterally in the axilla and con-
nected to a drain with -5cmH20 (-0.5kPa) suction [40¢] with
resolution at 5 days and ii) in the infraclavicular areas bilater-
ally with application of -150 mmHg (-20kPa) suction and man-
ual decompression leading to resolution at 5 days [41]. Wider
26F and 28F drains have also been tunnelled subcutaneously
with reported successful relief of SCE. [24, 30, 42]. There are
two case report of patients whose SCE was successfully treated
using subcutaneous drains after failure of treatment with wide
bore drains on high negative suction [24, 40].

Locally, we have anecdotal experience of the successful use
of bilateral tunnelled 12F Seldinger drains in one case of massive
subcutaneous emphysema unresponsive to an ICD on high neg-
ative suction. The time to resolution in our case was 15 hours.

Other types of drains that may be placed subcutaneously
include Jackson Pratt and Penrose rubber drains [43]. Cesaria
et al describe a series of 20 post parenchymal lung resection
patients with massive SCE — of whom 19 had visible pneu-
mothorax — all successfully treated with Penrose type soft
rubber drains inserted via supraclavicular micro-incisions
(5mm) and with repeated massage. Some of these patients
had unilateral drains whilst others had bilateral insertions.
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There was a mean time to resolution of 3.7 days. Further
variations on this technique can be found in the literature, such
as the attachment of a colostomy bag to a subcutaneous drain
to keep the site clean and measure air drained [44].

Surgical Options

Surgery is a potential definitive solution for SCE resulting from
a pneumothorax e.g., in the case of bronchopleural fistula how-
ever, it is clearly invasive and restricted to those patients who
are fit enough for general anaesthesia. This is frequently not the
case in patients presenting with spontaneous pneumothoraces
secondary to underlying chronic lung disease.

Cerfolio et al [21] followed the progress of 255 patients who
had significant post-operative SCE after pulmonary resection. 85
of these cases did not respond to treatment with wide bore inter-
costal drainage on high negative suction. Of these, 64 patients
underwent single incision VATS with pneumolysis and repeat
chest tube placement. For 63 of these 64 patients resolution of
their SCE was achieved within 24 hours. This group of 64 was
observed to have a significantly shorter hospital stay (6 versus 9
days, p < 0.02) than the remaining 21 patients who were not
taken back to theatre. However, caution must be taken when
interpreting these results as the data are not randomised and
inevitable selection bias (for repeat surgery or conservative man-
agement) exists. Furthermore, all patients were discharged home
with a chest tube attached to a portable device and data pertaining
to follow up detail is missing.

Other definitive management strategies for pneumothorax
with persistent air leak (+/-subcutancous emphysema) includes
endobronchial valves placement [45] and pleurodeisis [46].

Conclusions

Most cases of subcutaneous emphysema in pneumothorax are
mild and self-limiting and do not require treatment. When
SCE develops intercostal drains in-situ should always be
checked to make sure they are appropriately placed with all
side ports in the thoracic cavity, and that they are neither
kinked, blocked or clamped.

Where there is a clinical need to address the subcutaneous
emphysema management should be directed towards the
cause, if this is possible. Management of the underlying pneu-
mothorax includes conservative management; use of negative
suction; siting of wider bore intercostal drains and definitive
surgical management. Management of subcutaneous emphy-
sema may include decompression techniques such as: ‘blow
hole’ incisions or subcutaneous angio-catheters or tunnelled
drains. These approaches can be used simultaneously.

No definitive recommendations exist to determine the ap-
propriate management of a patient with SCE. In the absence of
randomised controlled trials, treatment will continue to be
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based on case reports and expert opinion. Factors to be con-
sidered will include the attending physician’s experience and
preference, equipment availability, and patient related ele-
ments such as clinical (cardiorespiratory) stability, pre-
morbid fitness, patient preference and the response demon-
strated to previous pleural procedures.
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