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Abstract
Pneumatosis intestinalis (PI) is a rare disease that forms emphysema lesions under the mucosa 
and serosa of the gastrointestinal tract. We present the first case of PI following radiation-
induced esophagitis during chemoradiotherapy (CRT) for lung cancer. A 74-year-old man with 
severe chronic obstructive pulmonary disease (COPD) was treated with CRT for lung cancer. 
During the treatment, he presented with vomiting and abdominal distention. CT showed 
pneumatosis from the esophagus to the small intestine. Severe radiation-induced esophagitis 
was observed, and gastrointestinal endoscopy revealed a circumferential esophageal ulcer. 
From these observations, this case was diagnosed as PI following severe esophagitis. A naso-
gastric tube was inserted, and conservative treatment with fasting, fluid replacement, and an-
tibiotic was performed. Four days after the onset of PI, CT showed marked improvement of 
the pneumatosis. When CRT is performed for lung cancer patients, we should not only consider 
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esophagitis but also PI. The presence of COPD may be considered a specific factor for the 
development of severe esophagitis and the consequent PI in this case.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Pneumatosis intestinalis (PI) is a rare disease that forms emphysema lesions under the 
mucosa and serosa of the gastrointestinal tract, and its estimated prevalence, determined 
from autopsy cases, is 0.03% [1, 2]. PI can be divided into primary (15%) and secondary 
(85%) types [3]. Secondary-type PI occurs in patients with several conditions, such as gastro-
intestinal obstruction, inflammatory bowel disease, infectious enteritis, autoimmune diseases, 
pulmonary diseases, and the use of drugs, such as immunosuppressants and chemotherapeutic 
agents [4].

Three reports have shown the development of PI in patients with esophageal cancer 
during chemoradiotherapy (CRT) [5–7]. However, in lung cancer, there have been several 
reports of PI development during treatment with cytotoxic chemotherapy agents or epidermal 
growth factor receptor tyrosine kinase inhibitors [8, 9]. Herein, we present the first case of PI 
following radiation-induced esophagitis during CRT for lung cancer. In addition, this case was 
complicated by severe chronic obstructive pulmonary disease (COPD), and COPD is considered 
a specific cause of severe esophagitis resulting in the onset of PI in our case.

Case Report

A 74-year-old man was diagnosed with recurrent mediastinal lymph node metastasis of 
lung adenocarcinoma 3 years after surgery. He had smoked 40 cigarettes per day for 40 years 
(80 pack-years) and quit smoking in his late 50s. A pulmonary function test showed that the 
forced expiratory volume in 1 s was 23.5% of the predicted value, which suggested that he 
had GOLD stage 4 COPD. He was hospitalized and administered concurrent CRT (7 cycles of 
chemotherapy with weekly carboplatin [AUC = 2] and paclitaxel [35 mg/m2] and volumetric 
modulated arc therapy of 66 Gy in total). Eighteen days after the start of CRT, he complained 
of grade 3 esophagitis symptoms according to the Common Terminology Criteria for Adverse 
Events version 5.0; nonsteroidal anti-inflammatory drugs and sodium alginate were admin-
istered. He also suffered from constipation due to chemotherapy and was administered 
magnesium oxide and sennoside. On the 32nd day, he developed febrile neutropenia, and 
tazobactam/piperacillin (4.5 g intravenously every 8 h), as well as daily subcutaneous injec-
tions of filgrastim (75 μg/day), was administered. Radiation therapy was suspended for 3 days. 
After that, radiation therapy was resumed, he vomited slightly every day from the 35th day 
onward, and a large amount of vomiting was observed on the 38th day. Abdominal exam-
ination showed distension and tenderness throughout the abdomen without signs of peri-
toneal irritation. Laboratory findings showed increased lactate levels (11.5 mmol/L) and 
inflammatory parameters (WBC, 12,300/μL; CRP, 17.21 mg/dL), as well as decreased renal 
function (BUN, 46.6 mg/dL; Cr, 2.83 mg/dL). In contrast-enhanced CT, extensive pneumatosis 
was observed from the esophagus to the stomach and upper part of the small intestine (Fig. 1). 
Minute gas was present in the portal vein. However, contrast-enhanced CT showed no obvious 
intestinal ischemia. First, a nasogastric tube was inserted for gastric decompression. A few hours 
later, abdominal symptoms were alleviated, and the lactate level was reduced to 2.5 mmol/L. 
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Because of this improvement, we decided that surgery was not needed and performed a 
conservative treatment with fasting, fluid replacement, and meropenem (1 g intravenously 
every 12 h) administration in the intensive care unit. Four days after the onset of PI, CT 
showed marked improvement of pneumatosis, and laboratory findings also improved. Upper 
gastrointestinal endoscopy revealed an all-around esophageal ulcer that was covered with a 
white coat, and no obvious fistula was found at that time (Fig. 2). Therefore, we considered 
that pneumatosis occurred due to the inflow of gas into the submucosa from this esophageal 
lesion. After that, oral intake was resumed, and his condition improved. CRT was discontinued 
after 48 Gy of irradiation and 4 cycles of chemotherapy (7 cycles planned). After hospital 
discharge, he attended the hospital as an outpatient and did not relapse for PI and lung cancer.

Discussion and Conclusion

To the best of our knowledge, only 3 cases of PI during CRT for esophageal cancer have 
been reported in Japan [5–7]. Herein, we report the first case of PI following radiation-induced 
esophagitis due to CRT for mediastinal lymph node metastasis from lung cancer. Of note, 
severe COPD is considered a specific factor for the development of severe esophagitis and the 
consequent PI.

There are 2 main theories to explain the mechanism of PI onset, specifically mechanical 
and bacterial. The mechanical theory proposes that increased intraluminal pressure due to 
gastrointestinal obstruction causes mucosal rupture of the intestinal wall, resulting in the 
migration of gas from the gastrointestinal cavity to the intestinal wall. In contrast, the bacterial 
theory proposes that gas-producing bacteria, such as Clostridium difficile, enter the gastroin-
testinal wall and produce gas [10]. In addition, it has been reported that increased mucosal 
permeability due to intestinal ischemia, mucosal damage due to inflammation and chemotherapy, 
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Fig. 1. Contrast-enhanced computerized tomography showing extensive pneumatosis from the esophagus 
to the stomach and upper part of the small intestine.
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and defects in the mucosal barrier caused by immunodeficiency are associated with the onset 
of PI [10]. In our case, pneumatosis was distributed from the esophagus to the stomach 
and intestinal tract, and upper gastrointestinal endoscopy showed esophageal lesions. 
From these observations, it was considered that the PI developed via the entry of gas from 
the mucosal injury of the esophagus into the submucosa, and gas spread to the stomach and 
intestinal tract after increased intraluminal pressure due to vomiting. Moreover, as previous 
reports show [8, 11, 12], febrile neutropenia and chemotherapy would also contribute to the 
development of pneumatosis.

Radiation esophagitis and neutropenia are common events during CRT for lung cancer. 
Thus, we thought that there was a specific factor in the form of pneumatosis from the 
esophagus to the intestine following radiation-induced esophagitis in our case. The compli-
cation of severe COPD was thought to be involved in the development of PI. A previous review 
article by Boerner et al. [13] showed that 20% of 123 patients with PI had COPD. In addition, 
the pulmonary theory explains the mechanism of PI onset. This theory explains that the mech-
anism by which pulmonary disease causes PI is the gas released via the rupture of alveoli, 
which moves through the mediastinum and retroperitoneum into the intestinal wall [8]. 
However, in our case, no pneumatosis was observed in the lungs, mediastinum, or mesentery. 
Thus, PI in our case was not considered to have developed from the lungs. In contrast, by 
searching the literature that reported a relationship between COPD and damage to the intes-
tinal mucosa, we found a report showing that smoking causes inflammation of the gastroin-
testinal mucosa in animals [14]. In addition, another study showed that in patients with COPD, 
the permeability of the intestinal mucosa is higher than that in healthy subjects [15]. This is 
why increased metabolic demand related to physical activity causes intestinal ischemia, 
resulting in intestinal mucosal damage in patients with COPD [15]. Of note, these results can 
also be applied to the mucous membrane of the esophagus. Based on these observations, it is 
considered that patients with severe COPD have a high risk of developing PI following radi-
ation-induced esophagitis.

PI is a serious disease, with a reported fatality rate of 20–42% [10]. In previous reviews, 
risk factors for a lethal course of PI were reported as age ≥60, signs of peritonitis, hypo-
tension, abdominal rigidity, increased serum lactate (>2.0–3.0 mmol/L), increased serum 
creatinine (>1.5–2.0 mg/dL), extensive pneumatosis (including small bowel and colon), 
arterial or venous mesenteric occlusion, and portomesenteric venous gas [10]. Although our 
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Fig. 2. Gastrointestinal endoscopy showing the all-around ulcer which was covered with a white coat (a), 
map-like ulcer, and friable in the esophagus (b).
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patient had many risk factors, such as old age, increased serum lactate, increased serum 
creatinine, widespread pneumatosis from the esophagus to the upper part of the small 
intestine, and portal vein gas, the patient fortunately improved with the use of conservative 
treatment alone. In our case, unlike the previously reported cases, the origin of pneuma-
tosis was the esophagus. Thus, the degree of ischemia and damage to the intestinal tract 
were minor, and conservative treatment could only lead to a smooth improvement without 
surgery.

We presented the first case of PI following radiation-induced esophagitis during CRT for 
lung cancer in a patient with severe COPD. When CRT is performed for lung cancer patients 
with severe COPD, we should not only consider esophagitis but also PI.
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