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ARTICLE INFO ABSTRACT

Handling Editor: AC Amit Chopra Background: Mediastinal and subcutaneous emphysema usually result from spontaneous rupture
of the alveolar wall. We present an educational case of subcutaneous, mediastinal, and retro-

Keywords: peritoneal emphysema discovered during a routine medical check-up resulting from an asymp-

Subcutaneous emphysema tomatic perforation of the sigmoid diverticulum.

Mediastinal emphysema
Retroperitoneal emphysema
Perforation of sigmoid diverticulum

Case presentation: A 66-year-old man presented to our hospital for his health check-up. A chest X-
ray revealed mediastinal emphysema during a physical examination. The patient had no sub-
jective symptoms, fever, or hemodynamic instability. Physical examination revealed a snow grip
sensation in the anterior neck but no abdominal tenderness. Blood tests showed an elevated in-
flammatory response, and a plain chest computed tomography scan revealed subcutaneous
emphysema around the neck, as well as mediastinal and retroperitoneal emphysema. The patient
was then admitted to the hospital and the patient was treated conservatively. On Day 7 post-
admission, the emphysema was mildly relieved. However, on Day 10, the patient developed in-
testinal obstruction caused by barium. Colonoscopy revealed sigmoid colon perforation. On Day
11, partial resection of the sigmoid colon via laparotomy and colostomy (Hartmann operation)
was performed. Postoperative pathology revealed a perforation of the sigmoid colon, which was
confirmed to be induced by diverticulitis, as multiple diverticula were simultaneously found in
the sigmoid colon.

Conclusions: Even in the absence of abdominal symptoms, retroperitoneal emphysema may
develop due to perforation of the sigmoid colon. Therefore, if retroperitoneal emphysema is
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combined with mediastinal emphysema, evaluation, including abdominal CT, should be per-
formed to identify the cause of emphysema.

1. Background

Mediastinal emphysema refers to air retention in the mediastinum; this condition is classified into idiopathic mediastinal
emphysema (occurs spontaneously with no known cause) or secondary mediastinal emphysema (caused by trauma and/or patho-
logical conditions). Most cases of idiopathic mediastinal emphysema resolve spontaneously and are associated with a good prognosis
[1]. In contrast, secondary mediastinal emphysema is more severe and owing to the underlying disease, it is associated with com-
plications and poor prognosis [2]. In the present report, we describe a rare case of asymptomatic perforation of the sigmoid diver-
ticulum that resulted in subcutaneous, mediastinal, and retroperitoneal emphysema.

2. Case presentation

A 66-year-old Japanese man with a smoking history of over 30 pack-years presented to our hospital without any symptoms for his
health check-up. A chest X-ray revealed mediastinal emphysema (Fig. 1). Eighteen months prior, owing to a positive fecal occult blood
test, a colonoscopy was performed on the patient (who had used over-the-counter laxatives to relieve constipation) and post-
inflammatory induced stenosis was noted in the sigmoid colon. A diverticulum was found in the sigmoid colon. The stenosis was
believed to be a result of diverticulitis; however, the patient remained asymptomatic and was placed under observation. The patient
had no subjective symptoms, the body temperature was 36.3 °C, SpO3 was 97 %, blood pressure was 140/86 mmHg, and pulse was
noted to be 92/min. Physical examination revealed a snow grip sensation in the anterior neck, but no chest pain or tenderness. Blood
tests showed a mild elevation of hepatic enzymes, with aspartate aminotransferase (AST), 43 IU/ml; alanine aminotransferase (ALT),
66 IU/mL; elevated inflammatory response; C-reactive protein CRP 17.1 g/dL, and WBC 16,290/pL. A simple computed tomography
(CT) scan of the chest revealed subcutaneous (of the neck), mediastinal, and retroperitoneal emphysema, with no evidence of free air
(Fig. 2). One week prior to admission, the patient had fallen from a stepladder and bruised his back, and traumatic emphysema was
suspected; however, a chest CT scan of the chest showed no tracheal or esophageal tears. A high inflammatory response was deter-
mined as the cause of a back abscess, and the patient was referred to our department for wound cleaning. The patient was hospitalized
and treated with sulbactam/ampicillin. Thereafter, blood culture test showed no bacteria, on Day 7 of hospitalization, the patient did
not have a fever, emphysema was relieved, and antibacterial drug administration was terminated after confirming a decreasing trend
in the inflammatory response. By Day 8 of hospitalization, the patient was able to eat all his meals and had no abdominal pain or other
subjective symptoms, and a small number of stools with barium used for physical examination the day before hospitalization was seen.
However, on Day 10 of hospitalization, abdominal distention and nausea appeared. A plain CT scan of the trunk revealed that the
barium was retained from the descending colon to the sigmoid colon, and that the colon and small intestine at the oral side of the
barium were dilated with fluid retention. This indicated the development of intestinal obstruction caused by solidified barium.

Fig. 1. Chest X-ray showed subcutaneous emphysema (black arrow) and mediastinal emphysema (white arrows) and retroperitoneal emphysema
(grey arrow).
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Colonoscopy revealed a coarse mucosal lumen in the sigmoid colon thought to be a fistula (pseudo lumen) and a normal mucosal lumen
with stenosis (Fig. 3). Barium was stagnant on the mouth side of the narrowing of the lumen of the normal mucosa of the sigmoid colon.
The lumen of the rough mucosa of the sigmoid colon was easily hemorrhagic, fatty tissue was present, and the lumen was a blind end;
perforation of the sigmoid colon was suspected. Therefore, the patient was immediately transferred to the Department of Surgery. On
Day 11 of hospitalization, the patient underwent laparotomy. At the time of laparotomy, there was only ascites and no stool in the
abdominal cavity. The large meshes, small intestine, sigmoid colon, and rectum in the pelvis from the root of the inferior colonic artery
were strongly adherent. When the adhesions of the large mesenchyme and small intestine were detached, a large amount of fecal
discharge was observed from within the mesentery; the perforated area on the mesenteric side of the sigmoid colon was identified.
There was an intestinal injury at the adhesion between the sigmoid colon and the bladder, and the patient was resected from its mouth
side to the anal side of the perforation (Hartmann method), and a colostomy was created. Gross examination of the operative specimen
revealed multiple diverticula in the sigmoid colon and a 3 cm perforation on the mesenteric side (Fig. 4). Postoperative pathology
showed inflammatory cell infiltration around the perforation but no malignancies or granulomas. At the perforation site, a void was
observed in the mesenteric fatty tissue, suggesting a perforation on the intestinal membrane side. Multiple diverticula in the sigmoid
colon suggested perforation due to diverticulitis. The emphysema did not recur thereafter (Fig. 4), and the patient was discharged on
postoperative Day 46.

3. Discussion

Because the space between the cervical subcutaneous tissue, mediastinum, and retroperitoneum is anatomically continuous [3],
this patient was initially suspected to have developed mediastinal and retroperitoneal emphysema in the chest following injury from a
fall. Traumatic mediastinal emphysema has been reported to occur in approximately 10 % of the cases of blunt chest trauma [4]. The
mechanisms of occurrence include injury to the trachea and esophagus and the Macklin effect, in which leaked air reaches the
mediastinum due to the rupture of alveoli caused by increased intra-alveolar pressure [5]. However, in the present case, imaging
findings showed no tracheal or esophageal injury, pneumothorax, or multiple air accumulations in the pulmonary interstitium; sug-
gestive of the Macklin effect. In addition to trauma, mediastinal emphysema can be of medical origin, such as bronchial asthma, upper
airway inflammation, or soft tissue fragility due to a malnutritional condition such as anorexia nervosa; however, in this case,
mediastinal emphysema was not of medical origin. Idiopathic mediastinal emphysema is characterized by a lack of an elevated

Fig. 2. A Chest simple CT (Computed Tomography) showed subcutaneous emphysema of the neck. B-C Chest simple CT showed mediastinal
emphysema. D The lower margin of the chest simple CT showed retroperitoneal emphysema with no evidence of free air.
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Fig. 3. A Colonoscopy revealed a coarse mucosal lumen in the sigmoid colon thought to be a fistula (pseudo lumen) (*) and a normal mucosal lumen
with stenosis (arrow). The lumen of the rough mucosa of the sigmoid colon was easily hemorrhagic, fatty tissue was present, and the lumen was a
blind end; perforation of the sigmoid colon was suspected. B Barium was stagnant on the mouth side of the narrowing of the lumen of the normal
mucosa of the sigmoid colon.

0350 3éb 370 38

Fig. 4. A gross examination of the operative specimen revealed multiple diverticula in the sigmoid colon and a 3 cm perforation on the mesenteric
side (arrow).

inflammatory response, and patients with idiopathic mediastinal emphysema and an elevated inflammatory response should to un-
dergo examination for the identification of an infectious source, including mediastinitis. Although we suspected that the elevated
inflammatory response was attributed to the back abscess on the first day in the present case, but the mildly elevated inflammatory
response persisted even after completion of antimicrobial therapy. In addition, since the inflammatory response is elevated in intestinal
perforation with systemic emphysema even in the absence of peritonitis [6,7], it was suggested that the elevated inflammatory

Table 1
Retroperitoneal emphysema as a rare complication of intrathoracic factor excluding trauma or medical origin reported in the English literature. NA,
no available information.

Age  Sex Cause remarks Presenting symptom Treatment Outcome  Reference
regime no.
15 Female anorexia nervosa none sore throat, retro sternal thoracic ~ none survived 8
pain
7 Female  Mycoplasma pneumoniae none fever, respiratory difficulties antibiotics, survived 9
pneumonia steroid
38 Female  anorexia nervosa mental difficult to move antibiotics survived 10
retardation
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response was not only due to a back abscess but also to intestinal perforation. Retroperitoneal emphysema due to intrathoracic factors
is extremely rare, with only three cases reported, except for trauma or medical origin (Table 1) [8-10]. In the present case, although
the relationship of trauma and intestinal perforation could not be completely ruled out, bowel perforation was evident, and it was
reasonable to conclude that the mediastinal emphysema was due to sigmoid diverticulitis.

Gastrointestinal perforation (descending duodenal leg, ascending colon, descending and sigmoid colon, and rectum), infective
pancreatitis, and retroperitoneal infection are associated with retroperitoneal emphysema [11]. Colorectal retroperitoneal perforation
affects individuals of all ages, and is caused by diverticulitis, cancer, colonic ischemia, toxic megacolon, ectopic perforation, and
trauma [12]. Colorectal perforation presents with retroperitoneal and subcutaneous emphysema due to the pressure gradient between
the gastrointestinal lumen, retroperitoneum, and subcutaneous tissue. The retroperitoneum is divided into anterior pararenal, peri-
renal, and posterior pararenal cavities, with the anterior pararenal cavity being continuous with the mesentery and the posterior
pararenal cavity being continuous through the diaphragm to the mediastinum. Normal soft tissue intraluminal pressure is 5 mmH50,
whereas the intraluminal pressure in the gastrointestinal tract during peristalsis reaches 60 mmH0 [13]. If perforation occurs on the
mesenteric side, this pressure gradient allows gas to migrate to the mediastinum and subcutis, as the sigmoid colon has a narrower
lumen than other parts of the colon. A review of English-language literature revealed 30 cases of mediastinal emphysema caused by
intra-abdominal factors excluding trauma and medical procedures, with 20 of these involving colonic perforation, as observed in the
present case, with sigmoid diverticulitis as the most common causative disease (Table 2) [6,7,14-22]. Therefore, when retroperitoneal
emphysema is present, abdominal CT, including that of the pelvic floor, should be considered. In the present case, inflammation of the
sigmoid colon was noted, and inflammatory bowel disease and intestinal tuberculosis were included in the differential diagnoses.
Finally, based on the pathological findings, the retroperitoneal perforation appeared to be caused by diverticulitis. The patient had
previously been diagnosed with diverticulitis and sigmoid colon stenosis on colonoscopy, and it was thought that the stenosis caused
stagnation of barium, resulting in intestinal obstruction.

Notably, retroperitoneal perforation may result in a lack of abdominal pain symptoms. Colorectal perforation commonly manifests
as free perforation of the contralateral enterocolitis membrane, which is easy to diagnose at an early stage, owing to the appearance of
free gas and signs of peritoneal irritation on abdominal CT. The high prevalence of perforations on the contralateral side of the in-
testinal membrane is because the straight arteries entering from the intestinal membrane do not interconnect, and the contralateral
side of the intestinal membrane is most susceptible to the hemostatic shortage. In contrast, in cases of retroperitoneal perforation, the
large bowel is perforated on the mesenteric side; therefore, the bowel contents are covered by the mesentery, which leads to poor
peritonitis symptoms, and intra-abdominal gas and ascites effusion are less prominent on imaging findings [23]. Thus, there are
scattered case reports of patients requiring several weeks to be diagnosed [6]. Clinicians should remember that abdominal symptoms
may be less prominent in the elderly and in patients on steroids [6].

The appropriate treatment for colonic retroperitoneal perforations remains controversial. Colonic perforation after colon resection
or colonoscopy may improve with conservative management, such as fasting and antibiotics if the abscess is localized, even if asso-
ciated with mediastinal emphysema [24,25]. Surgical treatment is standard for intestinal perforation, except for those of medical
origin or trauma [6], and appropriate surgical options, including colostomy, should be selected depending on the perforation site.
Although deaths have been reported due to delayed diagnosis and lack of proper treatment [26], there have been no reported cases of
mediastinitis requiring mediastinal drainage or other therapies after colonic retroperitoneal perforation. Therefore, mediastinal
emphysema caused by the diffusion of intestinal gas due to pressure gradients may improve with treatment of the underlying disease
alone. Mediastinal emphysema in this case also showed a preoperative tendency to decrease; however, because a large fistula had
formed in the sigmoid colon, resection and Hartmann’s operations were performed.

4. Conclusions

Reading chest X-rays is a common task of the respiratory physician, who is likely to be the first to detect mediastinal emphysema.
Asymptomatic intestinal perforation is extremely rare for mediastinal emphysema, but the disease should not be overlooked. The
present case is highly educational, and respiratory physicians should be aware of it. Even in the absence of abdominal symptoms, if
mediastinal emphysema is associated with retroperitoneal emphysema, considering the potential severity of the condition due to
sigmoid perforation, efforts should be made, including abdominal CT, to adequately identify the cause of the emphysema.
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Table 2

Retroperitoneal emphysema as a rare complication of intra-abdominal factor excluding trauma or medical origin reported in the English literature.

available information. NOM, non-operative management.

*, 20 cases of colon perforation were reported. NA, no

Age Sex Causes remarks Presenting symptom peritoneal time from site Treatment Outcome Reference
irritation onset no.
(day)
41 Female emphysematous diabetes mellitus fever, slight none 7 kidney Urgent left total survived 14
pyelonephritis shortness of breath nephrectomy
70 Female diverticulitis renal impairment poor mobility, fever none NA junction of the NOM died 15
descending and
sigmoid colon
71 Male duodenal ulcer none chest pain, epigastric =~ NA 2 duodenum Duodenectomy survived 16
pain
22 Female acute appendicitis none fever, nausea, none 12 appendix right hemicolectomy survived 17
abdominal pain
71 Male diverticulitis lung cancer abdominal pain, admit 2 descending colon left hemicolectomy died 18
fatigue, fever, extending to the transverse
nausea colon, debridement
59 Female retroperitoneal abscess diabetes mellitus malaise, poor none 7 NA Drainage survived 19
appetite, vague
epigastric pain,
abdominal fullness,
dyspnea
* 11 13 diverticulitis/3 9 steroid and 12 abdominal pain/2  15none/5 1-30 12 sigmoid colon/ 9 Hartmann’s procedure/4 17 6
19-90  Male/9 ulcerative colitis/1 colon ~ immunosuppressive chest pein et al. NA 3 descending colostomy/2 Subtotal survived/
Female cancer/1 renal cancer/1 agent colon/2 rectum/3 colectomy/1 Segmental 3 died
stercoroma/1 NA NA resection and anastomosis/
4 NOM
75 Male diverticulitis steroid, non-ST elevated abdominal bloating none NA descending colon Hartmann’s procedure survived 20
myocardial infarction,
asthma
79 Female diverticulitis diabetes mellitus abdominal pain, none NA descending colon Hartmann’s procedure died 7
vomiting
74 Female diverticulitis diabetes mellitus pelvic pain, chronic none NA rectosigmoid Hartmann’s procedure survived 21
constipation, rectal junction
bleeding
74 Female sigmoid colon steroido, abdominal pain admit NA sigmoid colon partial colectomy NA 22
perforation immunomodulator,
COVID-19
66 Male diverticulitis none none none unknown sigmoid colon Hartmann’s procedure survived Present
case
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