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Objective: To analyse the clinical features of pneumomediastinum associated with DKA

(diabetic ketoacidosis) to improve clinicians’ understanding of the disease.

Methods: A total of 78 patients with pneumomediastinum associated with DKA were

identified in the literature search, and one patient treated in our hospital was included. The

clinical features of the 79 patients were retrospectively analysed, and the pathogenesis,

clinical symptoms, diagnostic methods, treatment strategies and prognoses were explored.

Results: All cases were confirmed by chest CT (computed tomography), and Kussmaul

respiration, severe vomiting, chest pain were common symptoms. The main treatment principle

was to correct acidosis and treat the primary disease. The majority of patients recovered within

1–2 weeks, and only 2 patients died.

Conclusion: Pneumomediastinum associated with DKA is a rare disease, and it has

a benign course when an early diagnosis is made and aetiological treatment is administered.
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Introduction
Pneumomediastinum (PM) is a pathological manifestation of air entering the connec-

tive tissue space in the mediastinum pleura and being stored in the mediastinum for

various reasons. Most cases of PM are caused by chest trauma, oesophageal perfora-

tion, or iatrogenic injury. The incidence of PM is low, approximately 1/33,000, and the

proportion of the population with PM between 5 and 34 years old is slightly higher,

approximately 1/25,000.1–4 Pneumomediastinum caused by DKA is rare. The first

complete report of this condition was described by Hamman5 in 1939, and approxi-

mately 78 cases have been reported in the literature to date. This paper reports a 17-year

-old female patient who was admitted to our hospital because of pneumomediastinum.

After excluding various common causes of pneumomediastinum, we finally diagnosed

DKA as the cause of pneumomediastinum. The data of 78 patients with DKA compli-

cated with pneumomediastinum were analysed retrospectively, and the characteristics

of diabetic ketoacidosis complicated with pneumomediastinum were summarized. The

pathogenesis, clinical symptoms, diagnostic methods and treatment strategies were

analysed, and this information can improve clinicians’ understanding of the disease.

Case Report
A 17-year-old female patient with complaints of “chest tightness, shortness of breath

for 4 days and blurred consciousness for 5 hrs” was admitted to our hospital in
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July 2017. The patient had symptoms of nausea, vomiting,

drinking and polyuria one week prior. At that time, she was

given symptomatic treatment for gastroenteritis, and no

improvement was observed. The symptoms of chest tight-

ness and shortness of breath appeared 4 days prior and were

not considered in the treatment. One day ago, chest tightness

and shortness of breath were obviously aggravated.

Mediastinal gas was found by a chest CT examination in

the local hospital, so she was sent to our hospital through the

emergency channel. On the way to the hospital, she exhib-

ited a gradual vagueness of consciousness and a slow

response. The patient denied that she had a previous history

of diabetes or other diseases, we learned that the patient had

a habit of drinking sweet drinks (such as Coca Cola, Sprite),

and the patient did not smoke or drink alcohol.

According to the physical examination, her tempera-

ture was 36.6°C, pulse was 130 bpm, respiratory rate was

35 per minute, and blood pressure was 108/61 mmHg. She

had poor spirits, lethargy, mild dehydration, and a small

amount of crepitation at the entrance to the anterior thor-

acic neck, her breathing was deep and rapid (Kussmaul

breathing), she were smelled the smell of rotten apple, and

both lungs were auscultated and exhibited clear sounds

without dry or wet sounds. Her heart rate was 130 bpm

(normal rhythm), the precordial auscultation heart sound

was remote, the friction sound was synchronized with the

heart rhythm (Hamman sign, the unique sign of pneumo-

pericardium), and pathological noises were not heard.

According to the assistant examinations, the chest CT

showed extensive air in the neck subcutaneously and medias-

tinum, which had spread along the bronchovascular bundle,

and no pneumothorax was found in the bilateral chest

(Figure 1). The arterial blood gas analysis results were as

follows (oxygen inhalation 3 L/min): pH of 6.90 (reference

range: 7.35 to 7.45), partial pressure of oxygen of 144 mmHg

(83~108 mmHg), partial pressure of carbon dioxide of 10

mmHg (35~48 mmHg), residual alkali could not be detected,

and bicarbonate concentration of 9.0mmol/L. Her white blood

cell count was 22.45 × 109/L (4–10×109/L), neutrophil level

was 79.1% (50–70%), blood glucose concentration was

40.62 mmol/L (3.5–6.1 mmol/L), HbA1C1 level was 3.5%

(4.0–6.0%), creatinine concentration was 123.6 μmol/L

(40–97 μmol/L), urea nitrogen concentration was 7.2 mmol/L

(1.7–8.3 mmol/L), serum potassium concentration was 3.24

mmol/L (3.5–5.5 mmol/L), serum sodium concentration was

119.0 mmol/L (135–155 mmol/L), serum chlorine concentra-

tion was 89 mmol/L (90–110 mmol/L), glutamic pyruvic

transaminase concentration was 13.2 U/L (0–40 U/L), gluta-

mic oxaloacetic transaminase concentration was 19.9U/L (0–

40U/L), and total protein concentration was 72.4g/L (60.0–

85.0g/L). Her urine glucose level was 3+, urinary ketone body

levelwas 3+, urinary protein levelwas 2+, andurinary pH level

was 5.0 (6.0–7.0).

After admission, she underwent oxygen inhalation, med-

iastinal gas drainage through the neck, massive fluid replace-

ment, and correction of acidosis, regulating her blood

Figure 1 Pathogenesis of DKA complicated with PM. Under normal physiological conditions, the intra-alveolar pressure > pulmonary interstitial pressure > mediastinal

pressure. Kussmaul breathing and severe vomiting caused a sudden increase in intra-alveolar pressure, which caused alveolar rupture and gas from the ruptured alveoli to

flow to the pulmonary interstitial region and the mediastinum, resulting in mediastinal emphysema. The Kussmaul breathing and severe vomiting symptoms caused by

diabetic ketoacidosis aggravated the changes in the alveolar pressure gradient, making it more likely that pneumomediastinum formed.
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glucose level and other symptomatic support treatment was

provided. The symptoms of nausea and vomiting were gra-

dually relieved, the breathing gradually became stable, and

the heart rhythm dropped to the normal range after 24 hrs.

Three days later, when the patient’s condition was stable, the

oesophageal barium meal examination excluded oesophageal

rupture. The accumulation of gas in the mediastinum of the

patient evident in the chest CT had completely disappeared

after 10 days. Standard hypoglycaemic therapy was contin-

ued after discharge. To date, which is after approximately 2

years, the patient has not exhibited recurrence.

Literature Review and Summary
With “pneumomediastinum, diabetic ketoacidosis” as key-

words, 79 patients with diabetic ketoacidosis associated

with pneumomediastinum were identified in the CNKI

(China National Knowledge Infrastructure), Wanfang,

Google Scholar and PubMed databases. The characteris-

tics of the 79 patients are shown in Table 1.

Discussion
There are many causes of pneumomediastinum in clinical

practice, such as chest trauma, oesophageal perforation,

iatrogenic injury (tracheotomy, artificial pneumothorax

pneumoperitoneum, bronchoscopy, esophagoscopy, tooth

extraction, etc.). Childbirth, diving, drug abuse, cough,

and asthma are unusual, and pneumomediastinum caused

by diabetic ketoacidosis is very rare.2,6–8

Because it is extremely rare, clinicians often fail to

make a definite diagnosis early. If patients cannot be

diagnosed and treated in a timely manner, malignant

events can occur in patients. Diabetic ketoacidosis with

pneumomediastinum is often associated with pneumoper-

icardium and subcutaneous emphysema, occasionally epi-

dural pneumatosis,1,3,9–11 and even pneumothorax3,12,13

and stress-induced cardiomyopathy.14 Therefore, it is of

great importance to thoroughly understand the pathogen-

esis, clinical symptoms, diagnostic methods and treatment

of pneumomediastinum caused by diabetic ketoacidosis.

Pathogenesis
Most scholars1,3,15 believe that the cause of mediastinal gas

accumulation in patients with diabetic ketoacidosis compli-

cated with pneumomediastinum is gas entering the pulmonary

interstitium due to various causes of alveolar rupture. The

bronchus and blood vessels located around the hilum of the

lung in the mediastinum are surrounded by interstitial sheaths

containing gaps that extend along the segmental bronchi, sub-

bronchus, and parallel vessels to the lung parenchyma, and the

pressure in the mediastinum is generally less than that in the

alveoli. This pressure difference causes the pulmonary inter-

stitial gas to flow backwards into the mediastinal space after

alveolar rupture, leading to pneumomediastinum. This gas

flow was described in detail by the Macklin16 brothers as

early as 1944, and they pointed out that after the alveolar gas

flows backwards into the mediastinum, with an increase in the

gas and pressure in the mediastinum, it enters the pericardium

and epidural, retroperitoneal, and subcutaneous spaces and

even breaks through the mediastinal pleura to form pneu-

mothorax, this mechanism is called the Macklin effect by

some scholars.17 Why does diabetic ketoacidosis cause alveo-

lar rupture? Based on the previous literature,1–4,17,18 it was

found that the cause of alveolar rupture is a change in the

pressure difference between internal and external alveoli, and

Table 1 Clinical Data of 79 Cases with DKA Complicated with

PM

Mean S.D Number of

Patients (n)

Age(years) 21 9.1 79

Sex

Male(n) 54

Female(n) 25

Blood glucose(mmol/L) 36.2 17.2 66

Heart rate(bmp) 127 17.9 46

Respiratory rate(Times/min) 33 8.3 39

PH 7.08 0.2 53

PaCO2(mmHg) 19.3 13.9 34

HCO3−(mmHg) 7.6 4.3 44

Blood pressure systolic(mmHg) 122 24.9 44

Blood pressure diastolic(mmHg) 72 17.0 44

Serum sodium(mmol/L) 131.8 9.9 28

Serum potassium(mmol/L) 4.9 1.4 29

White blood cell count(×109/L) 24.18 9.5 36

History of diabetes(n) 49

Vomiting(n) 56

Esophagography or gastroscopy(n) 21

Complicated with epidural

pneumatosis (n)

5

Complicated with pneumothorax (n) 3
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most of the patients with acidosis also had Kussmaul breathing

(deep and laboured breathing) and severe vomiting. There are

root causes of pneumomediastinum in patients with diabetic

ketoacidosis. Bullaboy reported that Kussmaul respiration can

increase the alveolar pressure to 20–30 mmHg, which is

sufficient to cause alveolar rupture.18 Severe vomiting could

lead to changes in the alveolar pressure gradient in the chest.

Mediastinal air accumulation caused by tracheal rupture is rare

because severe vomiting is caused by diabetic ketoacidosis.

However, it is not clear whether mediastinal air is caused by

tracheal rupture or alveolar rupture.19 According to the pre-

vious literature, almost all patients had Kussmaul respiratory

disease, approximately 70.9% of the patients (56 patients) had

definite vomiting symptoms before chest discomfort devel-

oped, and almost all of them had no history of complicated

lung diseases. The average respiratory rate of the patients was

approximately 33 times per minute. That is why diabetic

ketoacidosis patients associated with pneumomediastinum. It

is interesting to note that the average age of all the patients was

21 years, and 68.4% of the patients were male. This result may

be due to the stronger muscle strength of the ventilator in

young men. Deep rapid breathing and severe vomiting are

more likely to cause greater alveolar pressure differences, so it

is more likely to cause pneumomediastinum, which confirms

the above mechanism (Figure 1).

Clinical Symptoms and Signs
Kussmaul breathing, severe vomiting and chest pain are

common symptoms in patients with diabetic ketoacidosis

associated with pneumomediastinum. Some patients have

complications such as dysphagia, dysphonia, somnolence

and so on. Excessive accumulation of polyketone bodies

and acidic substances in patients with diabetic ketoacidosis

causes deep and rapid breathing, and the patient can develop

a mental disorder after a long period of time without remis-

sion. Some patients develop severe vomiting due to an elec-

trolyte imbalance, and increased secretion of prostacyclin in

the body stimulates the gastrointestinal mucosa.20

Retrosternal pain is a concomitant symptom in almost all

patients, mainly due to the traction and displacement of

mediastinal tissue by gas in the mediastinum, which is

often located behind the sternum. It increases with activity

and breathing. Pain can radiate to the neck, back, shoulders,

arms and even the abdomen.When themediastinal gas enters

the posterior pharyngeal wall or the larynx, a small number

of patients may have difficulty swallowing and pronouncing

words. When air gathered in the mediastinal space enters the

retroperitoneum, abdominal discomfort may also develop in

some patients.21

The common signs of diabetic ketoacidosis associated

with pneumomediastinum are crepitus in the anterior cervical

region, deep and laboured breathing (Kussmaul breathing), an

increased ventricular heart rate, a positive Hamman sign, and

the smell of rotten apples when breathing. In most patients, the

blood pressure is normal, bilateral lung auscultation is gener-

ally not positive (unless complicated with pneumothorax), the

heart rhythm is regular, and the oxygen saturation is normal.

As mentioned above, excessive mediastinal gas can cause

subcutaneous emphysema in the anterior neck and chest

wall, and ketoacidosis can lead to deep and laboured breathing,

an accelerated heart rate and a rotten apple smell when breath-

ing. Hamman’s crunch is a typical sign of pneumomediasti-

num, and it is synchronous with cardiac systole and is

composed of crepitus and popping noises that are the louder

where is located at the apex of the heart, the lower end of the

sternum or the left edge of the sternum.5 This is especially true

in the inspiratory and left recumbent position. The cause of

Hamman’s crunch is retrograde flow of the gas accumulated

from the vascular sheath after alveolar rupture into the peri-

cardial cavity, resulting in pericardial gas accumulation.

Severe pericardial gas accumulation leads to pericardial tam-

ponade, resulting in circulatory disturbance and failure, which

can lead to the death of patients with diabetic ketoacidosis with

pneumomediastinum.

Diagnostic Methods
Most diabetic ketoacidosis patients with pneumomedias-

tinum were admitted to the hospital because of Kussmaul

respiration, severe vomiting and chest pain. Chest X-ray

or chest CT scans can reveal mediastinal air accumulation.

For patients who additionally have subcutaneous gas,

a chest X-ray can be used to easily detect pneumomedias-

tinum, but for patients with a small amount of mediastinal

air, chest CT scans are more accurate. It is also easier to

detect pneumopericardium and epidural pneumatosis with

chest CT scans. In some patients, chest CT examinations

revealed scattered air shadows in the bilateral pulmonary

stroma, intravascular sheath, bronchial sheath and med-

iastinum (Figure 2), which can be used to determine

whether the cause of mediastinal gas is rupture of the

oesophagus or trachea. Gas accumulation due to oesopha-

geal and tracheal rupture is limited to the periphery of the

rupture and causes soft tissue swelling and even local gas-

liquid level performance. Chest CT scans have a more

intuitive performance in determining the degree of
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Figure 2 In (A1-3) a large amount of gas has collected in the pericardium (green arrow), in the interstitial lung (red arrow), in the bronchial sheath (blue arrow), and in the

pulmonary vascular sheath (yellow arrow), before entering the mediastinum (black arrow), which is a unique manifestation of diabetic ketoacidosis with pneumomedias-

tinum. (B1-3) shows that there is no accumulation of gas in the pericardium, interstitial lung, bronchial and pulmonary vascular sheath, and mediastinum after correction for

acidosis and hyperglycemia.
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pericardial tamponade, so these scans provide a basis for

a timelier detection and treatment of serious cases of

pericardial tamponade. Therefore, all patients suspected

of having pneumomediastinum should be examined by

chest CT scans because chest CT scan also allow clini-

cians to better evaluate the progress and remission of the

lesion.

Arterial blood gas, blood glucose and urinary ketone

body analyses are used for the diagnosis of diabetic ketoa-

cidosis. The arterial pH values of diabetic ketoacidosis

patients with pneumomediastinum were low, with an aver-

age of 7.08, because severe acidosis can aggravate the

symptoms of Kussmaul respiration and severe vomiting,

resulting in alveolar rupture and mediastinal gas accumu-

lation. According to a review of the literature, the average

number of white blood cells for these patients were 24.2 ×

109 L, but a careful analysis of the imaging data showed

that most of the patients had no imaging manifestations of

infection in the lungs. Therefore, the authors believe that

the higher white blood cell count found in these patients is

not related to pulmonary infection but is mainly related to

the stress response of acidosis and may also be related to

mediastinal infection caused by the accumulation of gas in

the mediastinum.

The symptoms of pneumomediastinum caused by eso-

phageal rupture are similar to those of diabetic ketoacidosis

with pneumomediastinum, and esophageal rupture is harm-

ful, with a mortality rate of 40%; some cases can require

emergency surgical treatment.9 Therefore, the exclusion of

esophageal rupture is the primary task in the diagnosis of

diabetic ketoacidosis complicated with pneumomediastinum.

According to the literature analysis,1,3,10,11,13,22–36 21

patients with diabetic ketoacidosis complicated with pneu-

momediastinum underwent esophagography or gastroscopy.

Only one patient was found to have a tear in the cardia. (The

authors considered that it might be caused by vomiting.

However, it was not the cause of pneumomediastinum).25

The remaining patients did not have esophageal rupture.

One of the patients was admitted to the hospital

because of a coma complicated with pneumomediastinum.

Because esophageal rupture could not be ruled out at the

time, thoracotomy was performed, and esophageal rupture

was not found. After the symptomatic treatment of ketoa-

cidosis, the mediastinal gas disappeared. However, hyper-

glycaemia was found in this patient upon and after

admission, but the attending physician did not pay atten-

tion to it. Therefore, the author believes that attending

doctors may not fully understand the existence of diabetic

ketoacidosis complicated with pneumomediastinum, lead-

ing them to open the chest blindly.22

Most of the cases of esophageal rupture are triggered

by an event, such as trauma, eating sharp and hard foods,

and invasive operations, etc., and most of them are accom-

panied by obvious symptoms of mediastinal infection.

Combined with those results in the previous literature,9,32

the authors believe that for patients with diabetic ketoaci-

dosis complicated with pneumomediastinum, if there is no

definite cause of esophageal rupture and no obvious signs

of mediastinal infection, symptomatic support treatment

ketoacidosis should be administered first. Then, esophago-

graphy and gastroscopy should be performed to determine

whether there is any injury to the esophagus if necessary.

Treatment and Prognosis
When the diagnosis of diabetic ketoacidosis complicated

with pneumomediastinum is clear, these patients are mainly

treated for diabetic ketoacidosis with treatments such as fluid

replacement, hypoglycaemia, correction of acidosis and pre-

ventive anti–infection treatments. However, for some

patients with severe subcutaneous pneumatosis and pericar-

dial tamponade, for whom the stability of respiratory circula-

tion is affected, subcutaneous pneumatosis decompression

and even pericardial decompression should be performed

immediately. For this patient in our hospital, a large amount

of pneumopericardium was observed on the chest CT scans,

and the heart structure could not be detected with Doppler

echocardiography. However, after acidosis treatment, the

patient’s circulation became stable, and the sound of the

heart gradually became clear. The author did not further

address the pericardial gas tamponade.

The analysis of the previous literature showed that no

patients was given pericardial decompression, but one

patient died of cardiac arrest after admission.33 It is not

known whether the cause of death was related to severe

pericardial tamponade. Therefore, the authors believe that

the treatment of patients with severe pericardial tamponade

should mainly include acidosis treatment; if the symptoms

of pericardial tamponade are not relieved after the correc-

tion of acidosis or when the accumulation of pericardial gas

increases, an additional invasive operation can be carried

out to alleviate the symptoms of pericardial tamponade.

The rapid progression of acute ketoacidosis can also

lead to stress-induced cardiomyopathy. It is necessary to

fully understand the comorbidities and provide sympto-

matic supportive treatment. If it cannot be identified and

treated in a timely manner, a malignant event can easily
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occur.14 However, for some patients with epidural pneu-

matosis, pneumothorax and stress-induced cardiomyopa-

thy, after the correction of acidosis, the symptoms of

Kussmaul respiration and vomiting were relieved, and

the accumulation of gas in the mediastinum, epidural and

subcutaneous regions and even the thoracic cavity was

gradually absorbed. Most of the patients were fully cured

and discharged from the hospital within 1 to 2 weeks.

Most of the patients with diabetic ketoacidosis complicated

with pneumomediastinum had a good prognosis, and the mor-

tality was low. In China, a patient suffered from sudden cardiac

arrest and respiratory arrest 10 hrs after admission. She died of

aggravation of mediastinal pneumatosis and subcutaneous gas

after rescue measures such as tracheal intubation and assisted

breathing were administered.33 One patient died in the UK due

to a failure to control the severe pulmonary infection.34 In the

previous literature,35 only one patient had recurrence twice

after the treatment of pneumomediastinum, but the specific

reason is not clear. It may be that other patients with diabetic

ketoacidosis also develop pneumomediastinum again, but their

symptoms aremild, and chest CTscanswere not performed, so

pneumomediastinum could not be diagnosed. Therefore, it is

necessary to review chest CT scans when respiratory and

circulatory abnormalities occur in patients with ketoacidosis.

Conclusion
Diabetic ketoacidosis with pneumomediastinum is a rare

disease that is relatively common in young men. The cause

of diabetic ketoacidosis with pneumomediastinum is

alveolar rupture, which is caused by a change in the

alveolar pressure gradient caused by Kussmaul respiration

and severe vomiting, which occur due to ketoacidosis. The

prognosis is generally good, but it can be fatal when

complicated with severe pneumopericardium.

Informed Consent
Written informed consent had been provided by the patient

to have the case details and any accompanying images

published. This was an observational case and institutional

approval was not required, because all treatment received

by this patient is conventional therapy. The other patients’

information in this article comes from the references.
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