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Spontaneous pneumomediastinum (SPM) is described
as free air or gas located within the mediastinum that is
not associated with any noticeable cause such as chest
trauma. SPM has been associated with many condi- INTRODUCTION
tions and triggers, including bronchial asthma, diabetic
ketoacidosis, forceful straining during exercise, inhala-
tion of drugs, as well as other activities associated with
the Valsalva maneuver. The Macklin effect appears on
thoracic computed tomography (CT) as linear collec-
tions of air contiguous to the bronchovascular sheaths.
With the recent availability of multidetector-row CT, the
Macklin effect has been seen in the clinical setting more
frequently than expected. The aim of this review article
is to describe the CT imaging spectrum of the Macklin ) ) X
effect in patients with SPM, focusing on the common not associated with any ngmceable cause such as chest
appearance of the Macklin effect, pneumorrhachis, and trauma. The first case series of SPM was reported by

Pneumomediastinum is described as free air or gas lo-
cated within the mediastinum. It can be precipitated by
various triggers that are either intrathoracic, such as ste-
nosis or blockage of an airway, Valsalva maneuver, blunt
trauma to the chest, or ruptured alveoli; or extrathoracic,
such as fractured sinus, iatrogenic manipulation during
tooth extraction, or ruptured intestine!"!.

Spontaneous pneumomediastinum (SPM) is described

as free air or gas located within the mediastinum that is

persistent SPM with pneumatocele. Hamman in 1939; therefore, the condition is called
Hamman syndrome. Respiratory pneumomediastinum
© 2014 Baishideng Publishing Group Inc. All rights reserved. is a result of ruptutre along the alveolar tree, which leads
to an abrupt increase in the intra-alveolar pressure. Re-
Key words: Pneumomediastinum; Spontaneous pneu- leased alveolar air centripetally dissects through the pul-
momediastinum; Computed tomography; Macklin ef- monary interstitium along the bronchovascular sheaths
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Figure 1 Chest computed tomography scan of an 82-year-old woman
shows an injury to the posterior wall of the trachea, massive pneumome-
diastinum, and subcutaneous emphysema due to ruptured pars membra-
nosa (arrow).

toward the pulmonary hila, into the mediastinum®. This
pathophysiological mechanism was described by Macklin
et al” in 1944, and is known as the Macklin effect.

SPM is usually a benign, self-limiting illness affecting
young males. However, it is a condition that is not widely
recognized by clinicians. There have been several reports
describing the appearance of the Macklin effect on com-
puted tomography (CT) images of patients with SPM""?,
This review article will describe the CT imaging spectrum
of the Macklin effect as observed in patients with SPM.

THE MAIN CAUSES OF SPM

SPM occurs predominantly in young males">", and is
an uncommon entity. The prevalence of SPM reportedly
ranges from 1 of 8005 to 1 of 42000 hospital accidents
and emergency admissions" ™", Three different mecha-
nisms can produce pneumomediastinum: (1) disruption
of a cutaneous or mucosal barrier (usually the tracheo-
bronchial tree or the esophagus), which allows the entry
of gas into the mediastinum; (2) gas produced by organ-
isms in the mediastinum or adjacent chest; or (3) rupture
of an alveolus. Alveolar rupture is known as spm!,
SPM has been associated with many conditions and
trigeers, such as bronchial asthma!'”, diabetic ketoacido-
sis' ", forceful straining during exercise!”, inhalation of
drugs[zo], childbirth®, severe cough or Vomitingm], and
other activities associated with the Valsalva maneuver™
Recent case reports have shown that SPM has also oc-
curred in patients with gastroesophageal reflux disease™,
anorexia nervosa”’, in individuals swallowing a foreign
body such as a peach seed or pork rib™, and in a patient
who practiced yoga’,

Although pneumomediastinum can be spontaneous,
without known precipitating events and without injury to
mediastinal organs, pneumomediastinum can be an omi-
nous sign of injury to mediastinal structures, including
ruptured esophagus (Boerhaave syndrome) or ruptured
trachea (Figure 1). Whenever pneumomediastinum is
identified on imaging studies, the problem is differentiat-
ing those patients with mediastinal organ injuries from
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patients without organ injuries. The former require ad-
mission, diagnostic studies, and surgical treatment, while
the latter can simply be observed, thereby avoiding un-
necessary admissions and diagnostic tests .

SPM is uncommon in children. However, because of
the increasing concern regarding the risks to children ex-
posed to radiation, Chapdelaine ez al” studied whether
the extensive radiologic workup of SPM affects its man-
agement and outcome. Of 53 cases of SPM, 26 (49%)
were related to bronchospasm, 11 (21%) were associated
with respiratory infections, and 8 (15%) were of un-
known etiology. Inhaled foreign bodies were associated
with 4 cases. No esophageal perforations were identified.
Posteroanterior chest x-ray (CXR) diagnosed every case
except 1, and the mean number of CXRs performed
during hospitalization was 3. Only 3 patients developed
subsequent pneumothorax, and no patient needed pleu-
ral drainage. Of the 8 patients with SPM of unknown
ctiology, 5 underwent barium swallow and 2 underwent
chest CT, and all findings were within normal limits.
The authors concluded that SPM is usually self limited,
and the prognosis depends on the underlying disorder.
Therefore, for patients with clinical improvement, an ag-
gressive work up and follow-up chest imaging are rarely
justified.

CT DEMONSTRATION OF THE MACKLIN
EFFECTS IN SPM

Macklin and Macklin first observed that released alveolar
air from alveolar rupture centripetally dissects through

the pulmonary interstitium along the bronchovascular
sheaths toward the pulmonary hila and into the mediasti-
num", Wintermark and Schnyder recently reported that
the rate of Macklin effect seen on chest CTs of patients
with blunt trauma to the chest was 39%. They concluded
that CT-associated Macklin effect was a sign of severe
blunt trauma to the chest™”. However, there have been
several reports of the Macklin effect on the CT scans of
patients with SPM®"2,

As demonstrated in Figures 2-5, the Macklin effect
appears on thoracic computed tomography (CT) as lin-
ear collections of air contiguous to the bronchovascular
sheaths®"?. The air dissects into the pulmonary hila and
from there enters the mediastinum. We previously report-
ed that using multidetector-row (MD)CT, we detected
the Macklin effect in 8 of 9 patients with nontraumatic
pneumomediastinum , which was a higher rate of detec-
tion than had been previously reportedm. Sakai e# o/ also
reported a high detection rate of the Macklin effect using
64-detector-row CT. They found interstitial gas in the
perihilar region of all 20 of their patients. We speculated
that the increased detection rate of the Macklin effect
was a result of using MDCT with application of thin
collimation, a one-breath-hold technique, and visualiza-
tion of magnified images on a monitor with cathode ray
tubes. These factors might facilitate the identification of
subtle Macklin effects. Therefore, we may conclude that
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Figure 2 A 21-year-old woman with hypothyroidism and symptoms of cervical discomfort and tenderness. Multidetector-row computed tomography scan
demonstrates air collection along the perivascular connective tissue, the Macklin effect (arrows), in the peripheral area (A) and in the perihilar area (B), and pneumo-
mediastinum. Reprinted from ref. [5].
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Figure 3 A 15-year-old girl with acute myeloid leukemia. Multidetector-row
computed tomography scan demonstrates air collection along the perivascular
connective tissue and the Macklin effect (arrow) in the perihilar area. A small
pneumomediastinum is also noted.
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alveolar rupture described as the Macklin effect is even
frequently seen in patients with SPM.

CXRs are generally useful for diagnosing pneumome-
diastinum, although there have been false-negative results.
For false-negative cases, Okada ¢f al” concluded that be- Figure 4 A 15-year-old girl with cryptogenic organizing pneumonia as-
cause of thin slices obtained on CT, CT is more effective sociated with graft-vs-host disease. Multidetector-row computed tomography
than CXR alone for diagnosing pneumomediastinum. scan demonstrates air collection along the perivascular connective tissue, the

Si f d CT 1 . h . Macklin effect (arrows) in the peripheral area (A) and in the perihilar area (B),
1xty-four-detector-row (1 reveals minute changes in or- and massive pneumomediastinum. This patient also has spinal pneumorrhachis

gans and peripheral tissues. However, the Macklin effect (arrowhead). Reprinted from ref. [5].
was not detected in the peripheral lung of 4 of our re-
ported 12 cases” and in 11 of 20 cases in Sakai’s report[(’].
We believe that since the Macklin effect develops as lin-
ear collections of air in the pulmonary interstitium that
extend along the bronchi and contiguous blood vessels to
gradually reach the perihilar bronchovascular sheath, the
longer that time passes after its onset, the less often it is

seen in the periphery of CT scans (Figure 3).

servatively”, This literature review described a 72-year-
old man with progressive motor weakness and sensory
deficits in the lower extremities, who had a large accumu-
lation of intraspinal air. He recovered completely after a
C7 laminectomy. Kono et al™ reported pneumorrhachis
in 4 of 42 children with SPM, and the patients with
pneumorrhachis did not have neurological symptoms.
Therefore, in SPM, a collection of air within the spinal
canal is mostly self limiting and benign. Pneumomedias-
tinum concomitant with pneumopetitoneum is very rare
in SPM, with only a few cases reported. It also appears

to resolve with conservative treatment, without interven-
[33,34]

Complications of SPM

SPM is occasionally associated with pneumorrhachis, the
presence of air within the spinal epidural space (Figure 4).
A literature review of 48 patients with pneumorrhachis
revealed that only 1 case had neurologic symptoms and

signs; the other cases were successfully managed con- tion
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Figure 5 A 16-year-old girl with persistent spontaneous pneumomediasti-
num and pneumatocele. Computed tomography shows massive pneumome-
diastinum and perihilar and peripheral Macklin effects (arrows). In the left lower
lobe, a pneumatocele (arrowhead) is observed.

Although the Macklin effect appears on thoracic CT
as linear collections of air contiguous to the broncho-
vascular sheaths, the onset, which is alveolar rupture, is
rarely observed on CT. The released alveolar air rapidly
dissects into the pulmonary hila and from there enters
the mediastinum. We did have an SPM patient with a
pneumatocele (Figure 5). This young female patient had
interstitial pneumonia with prolonged SPM and cervical
subcutaneous air. Patients found to have a Macklin effect
involving peribronchovascular air and pneumatocele'™
will have a prolonged SPM, and clinical intervention is
required.

CONCLUSION

The Macklin effect can be frequently observed on the
MDCT images of patients with SPM not associated with
trauma. A Macklin effect seen on CT may help differenti-
ate respiratory from other etiologies of pneumomedi-
astinum. However, especially in pediatric patients with
SPM who improve clinically, aggressive investigation and
follow-up CXRs are rarely warranted, and the efficacy of
CT is limited.

REFERENCES

1 Zylak CM, Standen JR, Barnes GR, Zylak CJ. Pneumomedi-
astinum revisited. Radiographics 2000; 20: 1043-1057 [PMID:
10903694 DOI: 10.1148 / radiographics.20.4.g00j1131043]

2 Hamman L. Spontaneous mediastinal emphysema. Bull
Johns Hopkins Hosp 1939; 64: 1-21

3 Wintermark M, Wicky S, Schnyder P, Capasso P. Blunt
traumatic pneumomediastinum: using CT to reveal the
Macklin effect. AJR Am ] Roentgenol 1999; 172: 129-130 [PMID:
9888752 DOI: 10.2214/ ajr.172.1.9888752]

4 Macklin MT, Macklin CC. Malignant interstitial emphy-
sema of the lungs and mediastinum as an important occult
complication in many respiratory diseases and other con-
ditions: interpretation of the clinical literature in the light
of laboratory experiment. Medicine 1944; 23: 281-358 [DOI:
10.1097/00005792-194412000-00001]

5 Rosenberg JC, Bowles AL. Nonneoplastic disorders of the
mediastinum. In: Fishman AP (ed) Pulmonary diseases and
disorders, 2nd ed. New York: McGraw-Hill, 1988: 2079-2083

Baishidenge ~ WIR | www.wjgnet.com

Murayama S et a/. CT of spontaneous pneumomediastinum

853

10

11

12

13

14

15

16

17

18

19

20

21

22

Sakai M, Murayama S, Gibo M, Akamine T, Nagata O.
Frequent cause of the Macklin effect in spontaneous pneu-
momediastinum: demonstration by multidetector-row com-
puted tomography. | Comput Assist Tomogr 2006; 30: 92-94
[PMID: 16365580 DOI: 10.1097/01.rct.0000187416.07698.8d]
Okada M, Adachi H, Shibuya Y, Ishikawa S, Hamabe Y.
Diagnosis and treatment of patients with spontaneous
pneumomediastinum. Respir Investig 2014; 52: 36-40 [PMID:
24388369 DOI: 10.1016/j.resinv.2013.06.001]

Kaneki T, Kubo K, Kawashima A, Koizumi T, Sekiguchi M,
Sone S. Spontaneous pneumomediastinum in 33 patients:
yield of chest computed tomography for the diagnosis of
the mild type. Respiration 2000; 67: 408-411 [PMID: 10940795
DOI: 10.1159/000029539]

Gunluoglu MZ, Cansever L, Demir A, Kocaturk C, Melek H,
Dincer SI, Bedirhan MA. Diagnosis and treatment of spon-
taneous pneumomediastinum. Thorac Cardiovasc Surg 2009;
57:229-231 [PMID: 19670118 DOI: 10.1055/5-2008-1039059]
Franquet T, Rodriguez S, Hernandez JM, Martino R, Gimé-
nez A, Hidalgo A, Domingo P. Air-leak syndromes in hema-
topoietic stem cell transplant recipients with chronic GVHD:
high-resolution CT findings. | Thorac Imaging 2007; 22: 335-340
[PMID: 18043388 DOI: 10.1097/ RTI1.0b013e3180cab6cf]

Satoh K, Kobayashi T, Kawase Y, Mitani M, Nakano S,
Takahashi K, Takashima H, Ohkawa M, Tanabe M, Kojima
K. CT appearance of interstitial pulmonary emphysema. |
Thorac Imaging 1996; 11: 153-154 [PMID: 8820025 DOI: 10.10
97/00005382-199621000-00006]

Franquet T, Giménez A, Torrubia S, Sabaté JM, Rodriguez-
Arias JM. Spontaneous pneumothorax and pneumomedias-
tinum in IPF. Eur Radiol 2000; 10: 108-113 [PMID: 10663725
DOI: 10.1007 /s003300050014]

Mondello B, Pavia R, Ruggeri P, Barone M, Barresi P, Mo-
naco M. Spontaneous pneumomediastinum: experience
in 18 adult patients. Lung 2007; 185: 9-14 [PMID: 17310299
DOI: 10.1007/500408-006-0002-7]

Kelly S, Hughes S, Nixon S, Paterson-Brown S. Spontaneous
pneumomediastinum (Hamman's syndrome). Surgeon 2010;
8: 63-66 [PMID: 20303884 DOI: 10.1016/j.surge.2009.10.007]
McMahon DJ. Spontaneous pneumomediastinum. Am |
Surg 1976; 131: 550-551 [PMID: 1275141 DOI: 10.1016/0002-
9610(76)90008-8]

Koullias GJ, Korkolis DP, Wang X]J, Hammond GL. Current
assessment and management of spontaneous pneumomedi-
astinum: experience in 24 adult patients. Eur | Cardiothorac
Surg 2004; 25: 852-855 [PMID: 15082293 DOI: 10.1016/
j.ejcts.2004.01.042]

Newcomb AE, Clarke CP. Spontaneous pneumomediastinum:
a benign curiosity or a significant problem? Chest 2005; 128:
3298-3302 [PMID: 16304275 DOI: 10.1378/ chest.128.5.3298]
Weathers LS, Brooks WG, DeClue TJ. Spontaneous pneu-
momediastinum in a patient with diabetic ketoacidosis:
a potentially hidden complication. South Med | 1995; 88:
483-484 [PMID: 7716607 DOI: 10.1097/00007611-199504000-
00022]

Partridge RA, Coley A, Bowie R, Woolard RH. Sports-relat-
ed pneumothorax. Ann Emerg Med 1997; 30: 539-541 [PMID:
9326870 DOI: 10.1016/50196-0644(97)70018-0]

Beauchamps G. Spontaneous pneumothorax and pneumo-
mediastinum. In: Pearson FG, Deslauriers J, Ginsberg R],
Hiebert CA, McKneally MF, Urschel HC, editors. Thoracic
surgery. New York: Churchill Livingstone, 1995: 1037-1054
Sutherland FW, Ho SY, Campanella C. Pneumomediastinum
during spontaneous vaginal delivery. Ann Thorac Surg 2002; 73:
314-315 [PMID: 11837245 DOI: 10.1016,/S0003-4975(01)02729-1]
Jougon JB, Ballester M, Delcambre F, Mac Bride T, Dro-
mer CE, Velly JF. Assessment of spontaneous pneumo-
mediastinum: experience with 12 patients. Ann Thorac
Surg 2003; 75: 1711-1714 [PMID: 12822604 DOI: 10.1016/
50003-4975(03)00027-4]

November 28, 2014 | Volume 6 | Issue 11 |



23

24

25

26

27

28

29

JBaishideng®

Murayama S et a/. CT of spontaneous pneumomediastinum

Panacek EA, Singer AJ, Sherman BW, Prescott A, Ruther-
ford WF. Spontaneous pneumomediastinum: clinical and
natural history. Ann Emerg Med 1992; 21: 1222-1227 [PMID:
1416301 DOI: 10.1016 /S0196-0644(05)81750-0]

Huang HR, Wong KS, Lien R, Chiu CY. Spontaneous pneu-
momediastinum due to gastroesophageal reflux disease
in an adolescent boy. Respirology 2008; 13: 744-745 [PMID:
18513250 DOI: 10.1111/j.1440-1843.2008.01298..x]
Hochlehnert A, Lowe B, Bludau HB, Borst M, Zipfel S,
Herzog W. Spontaneous pneumomediastinum in anorexia
nervosa: a case report and review of the literature on pneu-
momediastinum and pneumothorax. Eur Eat Disord Rev
2010; 18: 107-115 [PMID: 20148397 DOI: 10.1002/ erv.1002]
Cho TJ, Kim H. Unusual presentation of spontaneous
pneumomediastinum. Lung India 2010; 27: 239-241 [PMID:
21139723 DOI: 10.4103/0970-2113.71961]

Hafberg E, Gudmundsson G, Gudbjartsson T. [Spontanous
pneumomediastinum after yoga practice - a case report].
Laeknabladid 2009; 95: 279-281 [PMID: 19420409]

Banki F, Estrera AL, Harrison RG, Miller CC, Leake SS,
Mitchell KG, Khalil K, Safi HJ, Kaiser LR. Pneumomediasti-
num: etiology and a guide to diagnosis and treatment. Am |
Surg 2013; 206: 1001-1006; discussion 1006 [PMID: 24296102
DOI: 10.1016/j.amjsurg.2013.08.009]

Chapdelaine J, Beaunoyer M, Daigneault P, Bérubé D, Biitter
A, Ouimet A, St-Vil D. Spontaneous pneumomediastinum:

WJR | www.wjgnet.com

30

31

32

33

34

35

854

are we overinvestigating? | Pediatr Surg 2004; 39: 681-684
[PMID: 15136999 DOI: 10.1016/j.jpedsurg.2004.01.045]
Wintermark M, Schnyder P. The Macklin effect: a frequent
etiology for pneumomediastinum in severe blunt chest trau-
ma. Chest 2001; 120: 543-547 [PMID: 11502656 DOI: 10.1378/
chest.120.2.543]

Belotti EA, Rizzi M, Rodoni-Cassis P, Ragazzi M, Zanolari-
Caledrerari M, Bianchetti MG. Air within the spinal canal
in spontaneous pneumomediastinum. Chest 2010; 137:
1197-1200 [PMID: 20442120 DOI: 10.1378/ chest.09-0514]
Kono T, Kuwashima S, Fujioka M, Kobayashi C, Koike K,
Tsuchida M, Seki I. Epidural air associated with spontane-
ous pneumomediastinum in children: uncommon compli-
cation? Pediatr Int 2007; 49: 923-927 [PMID: 18045298 DOI:
10.1111/j.1442-200X.2007.02480.x]

Lantsberg L, Rosenzweig V. Pneumomediastinum causing
pneumoperitoneum. Chest 1992; 101: 1176 [PMID: 1555448
DOI: 10.1378/ chest.101.4.1176]

Uva JL. Spontaneous pneumothoraces, pneumomediasti-
num, and pneumoperitoneum: consequences of smoking
crack cocaine. Pediatr Emerg Care 1997; 13: 24-26 [PMID:
9061731 DOI: 10.1097 /00006565-199702000-00008]

Hussain N, Noce T, Sharma P, Jagjivan B, Hegde P, Pap-
pagallo M, Bhandari A. Pneumatoceles in preterm infants-
incidence and outcome in the post-surfactant era. | Perinatol
2010; 30: 330-336 [PMID: 19812584 DOI: 10.1038/jp.2009.162]

P- Reviewer: Lassandro F, Li YZ, Shen] S- Editor: Ji FF
L- Editor: A E- Editor: Lu YJ

November 28, 2014 | Volume 6 | Issue 11 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2014 Baishideng Publishing Group Inc. All rights reserved.



