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Late Onset Diaphragmatic Hernia: A Forgotten
Etiology of Recurrent Vomiting in the Adolescent
Population

Koren Hyogene Kwag', Mojdeh Habibi Zoham', Brande Brown', Andy Sohnz, Sebron Harrison3,
Ariel Brandwein'

'Department of Pediatrics, New York-Presbyterian Brooklyn Methodist Hospital, Brooklyn, NY, USA; 2Department of Surgery, New York-
Presbyterian Brooklyn Methodist Hospital, Brooklyn, NY, USA; 3Department of Cardiothoracic Surgery, Weill Cornell Medicine, New York, NY, USA

Correspondence: Koren Hyogene Kwag, Department of Pediatrics, New York-Presbyterian Brooklyn Methodist Hospital, 506 6th Street, Brooklyn, NY,
11215, USA, Tel +1 718 780-5970, Fax +1 718 780-3266, Email khk7006@nyp.org

Abstract: Diaphragmatic hernia is a rare disorder in adolescents with oftentimes delayed diagnosis due to late-onset and non-specific
clinical manifestations. In this report, we present a case of diaphragmatic hernia in an 18-year-old male, where initial diagnosis was
complicated by confounding factors of type 1 diabetes mellitus and cannabinoid hyperemesis syndrome. This case highlights the
importance of having a high index of suspicion for diaphragmatic hernia in patients with nonspecific gastrointestinal symptoms to
ensure timely recognition and surgical intervention.
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Introduction

Diaphragmatic hernia (DH) involves the herniation of abdominal contents into the thoracic cavity due to either
a congenital malformation of the diaphragm or a tear or rupture of the diaphragm after trauma. The overall incidence
of congenital diaphragmatic hernia (CDH) may be as high as 1 in 2000 to 1 in 5000 live births." CDHs occur due to the
failure of canal closure between the transversum and esophagus during the eighth week of embryogenesis.>* Conversely,
3-5% of trauma patients are affected by a DH* with an incidence of 0.8-8% following blunt trauma and an incidence of
25-75% after penetrating trauma.” Most cases of CDHs occur in the neonatal period, with only 25% of cases identified
after 1 month of age, and are further classified by their position of occurrence. Bochdalek hernias occur in the
posterolateral portion of the diaphragm and account for 85% of cases. The overall incidence of Bochdalek hernias in
adults, however, is 0.17%.° Morgagni hernias affect the anterior portion of the diaphragm and constitute about 2% of
cases. Given the earlier closure of the right pleuroperitoneal canal and the anatomic position of the liver, right-sided
hernias are far less common.” A significant mortality of 38-62% has been reported in the newborn period® with symptom
presentation dependent on hernia size. Smaller hernias, often resulting from posterolateral defects, may remain asympto-
matic and undiagnosed until even adulthood.’

While the exact incidence of DH in the adolescent population is unknown, many cases report trauma as the primary
cause.>*>'° Trauma patients should be closely evaluated for a DH as the presentation may be asymptomatic in up to
53% of blunt traumas (eg, motor vehicle accidents) and 44% of penetrating traumas (eg, gunshot or stab wounds).
Additionally, studies have shown that only 33% of hernias are detected by chest X-ray (CXR) on initial evaluation by
a trauma team leader.” In adults, most cases are caused by blunt trauma with left-sided rupture due to the protective effect
of the liver and increased strength of the right hemi-diaphragm. In children, however, due to the laxity of liver
attachments, there is an equal rate of rupture on both hemi-diaphragms.*
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Case Presentation

An 18-year-old male presented to the emergency department with a one-day history of intractable vomiting, mild
diarrhea, and generalized abdominal pain. He denied any chest pain, fever, rashes, dysuria, or other symptoms. His
past medical history was significant for poorly controlled type 1 diabetes mellitus (T1DM) diagnosed at 7 years old and
well-controlled mild intermittent asthma. The patient also reported chronic intermittent left shoulder pain caused by
a motor vehicle accident (MVA) 3-years prior where he sustained a femur fracture that was surgically repaired. No
abdominal or chest trauma was reported at the time of the MVA.

The patient’s vital signs on presentation were temperature 36.6°C, heart rate 144 beats per minute, respiratory rate 22
breaths per minute, blood pressure 124/80 mm Hg, and oxygen saturation 100% on room air. On physical exam, the
patient showed signs of dehydration, including decreased skin turgor and a dry oral mucosa. He was alert and oriented
without any focal neurologic deficits. The patient’s abdomen was soft and non-tender without any palpable masses.
Pulmonary and cardiac examinations were also normal.

Given the patient’s history of TIDM, laboratory workup for diabetic ketoacidosis was performed. A comprehensive
metabolic panel was unremarkable except for elevated glucose (286 mg/dL, N: 100-180 mg/dL) and borderline anion
gap metabolic acidosis (bicarbonate 17 mmol/L). Complete blood count and pancreatic enzymes were within normal
limits and a respiratory viral panel was negative. The patient was admitted to the pediatric unit for the management of
vomiting and dehydration in the setting of hyperglycemia. He was given long-acting insulin at bedtime with a short-
acting insulin sliding scale.

On days of admission 1 and 2, the patient complained of new onset chest pain with persistence of nausea and
vomiting. Vital signs at the time were as follows: temperature 37°C, heart rate 116, respiratory rate 19, blood pressure
127/87 and oxygen saturation 97% on room air. His blood glucose levels remained elevated (>200mg/dL) despite insulin
therapy. ECG and cardiac enzyme levels were within normal range. Nausea and vomiting continued on day 3, but with
minimal abdominal pain. Of note, he reported relief from his symptoms following hot showers, leading to a consideration
of cannabinoid hyperemesis syndrome (CHS) due to his history of prolonged cannabis use and positive urine toxicology
for cannabinoids and benzodiazepines. Due to persistent nausea and vomiting, an abdominal X-ray (AXR) was
performed showing a non-obstructive bowel gas pattern with haziness in the left lung base (Figure 1A).

The following day, the patient became persistently tachycardic to 140 and experienced mild respiratory distress. Due
to these abnormal findings, he was subsequently transferred to the pediatric intensive care unit, where vital signs at
admission were temperature 36°C, heart rate 143, respiratory rate 35, blood pressure 115/76, and oxygen saturation 98%
on room air. Physical exam at this point was notable for dry oral mucosa and diminished breath sounds at the left mid-

Figure | (A) Nonobstructive bowel gas pattern with minimal to absent air in the bowel loops. Haziness in left lung base due to left effusion with possible left basilar
atelectasis. (B) Diffuse opacification of the left hemithorax with a large curvilinear lucency within the left hemithorax which were concerning for possible left diaphragmatic
hernia.
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and lower-lung fields. Fluid resuscitation was initiated, and laboratory tests were repeated. A CXR demonstrated diffuse
opacification of the left hemithorax suspicious for a left-sided DH (Figure 1B). CT scan confirmed the presence of a large
left-sided DH with pleural effusion (Figure 2).

A nasogastric tube was placed to decompress the stomach, draining dark brown fluid. The patient was taken for an
emergency exploratory laparotomy. An incarcerated, strangulated stomach was reduced after extensive adhesiolysis
within the left chest. There was no frank soilage of the thoracic cavity, although a large serous effusion was drained
through the diaphragm defect. A wedge gastrectomy was then performed for a necrotic segment along the greater
curvature, and the diaphragmatic defect was repaired primarily. A left chest tube was placed given the size of the pleural
effusion. He tolerated the procedure well and had an uneventful post-operative course. The patient was discharged on
post-operative day 18, ambulating and tolerating a regular diet. He was prescribed oral antibiotics and antiemetics for
intermittent nausea and vomiting with instructions for outpatient follow-up with gastroenterology.

Figure 2 (A) Coronal and (B) Sagittal view of chest CT scan with and without intravenous contrast remarkable for a left diaphragmatic hernia with herniation of intra-
abdominal contents. Additional findings of a possibly dilated stomach with an air-fluid level, large left pleural effusion, and a significant rightward shift of mediastinal
structures.
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Two months after hospital discharge, the patient reported a 2-pound weight loss with abdominal fullness, constipation, and
decreased oral intake without nausea and vomiting. A nuclear medicine gastric emptying study confirmed gastroparesis.
Antiemetics and promotility agents were deferred, with the recommendation of strict glycemic control to address gastroparesis
along with dietary changes and increased physical activity. Serial imaging has not shown a recurrence of the hernia.

On retrospective review of this patient’s imaging, a CXR performed 8 months prior to hospital presentation was
remarkable for a 4 cm oval-shaped density in the left lung base, likely due to a primary small undiagnosed DH. The
picture was consistent with the patient’s AXR in the hospital, which showed haziness in the left lung base.

Discussion

Although most CDHs are diagnosed in early childhood and addressed by pediatric surgeons, on rare occasions, small
hernias may remain undiagnosed into adolescence or early adulthood. Similarly, minor tears to the diaphragm consequent
of trauma may remain asymptomatic. In both etiologies, even if patients become symptomatic later in life, the diagnosis
is often delayed or missed due to the non-specific nature of symptoms or subtle radiographic findings. Few studies have
addressed DHs diagnosed in adolescents and adults.'' In those that have, clinical presentation typically involved
nonspecific respiratory or gastrointestinal symptoms. Respiratory symptoms included dyspnea, cough, cyanosis, and
chest pain. Gastrointestinal symptoms ranged from nausea and vomiting, such as seen in our patient on presentation to
the emergency department, to dyspepsia, abdominal pain (diffuse or localized), diarrhea, obstipation, subcostal pain, and
failure to thrive.'> There is suggestion of an association between neonatal diabetes and CDH,'? although no studies to
date have addressed an association between type 2 or TIDM and DHs later in life.

As non-specific symptoms of CDH can mimic more common etiologies such as pneumothorax, pneumonia, and pleural
effusion,'* diagnoses are often missed or only explored after the onset of more severe symptoms such as tachycardia or acute
abdominal pain. With delayed diagnosis, morbidity and mortality significantly increase due to complications such as gastric
volvulus, bowel obstruction, strangulation of herniated contents, bowel perforation, and short bowel syndrome.'> A mortality
rate of up to 31% has been reported for acquired DH.'® Prompt diagnosis is of utmost importance: DH should be considered as
a differential, even in patients with subtle radiographic findings such as an atypical gastric bubble position on an erect CXR or
a rightward shift in the cardiac silhouette.'* Moreover, unless radiographic signs include air or an air-fluid level within
a hollow viscus overlying the thorax, or with the additional coiling of the supra-diaphragmatic nasogastric tube on insertion,
CXR is rarely useful as a diagnostic tool for DH. Due to the low sensitivity of CXR, other imaging modalities may be useful in
the diagnosis of CDH. Chest CT is the current gold standard for diagnosis of DH as it can detect discontinuity of the diaphragm
with high sensitivity.* Although of value in the diagnosis of other conditions in a trauma setting, FAST exams have limited
sensitivity in the diagnosis of traumatic diaphragmatic injury.’

The exact underlying etiology of DH in the presenting case remains unknown. Based on the history of MVA and suggestive
findings on CXR taken 8 months prior to admission, the patient’s DH was most likely precipitated by blunt trauma. However,
an undiagnosed CHD cannot be ruled out. Vomiting in the setting of hyperglycemia and CHS most likely exacerbated the
diaphragmatic injury, resulting in the patient’s severe, symptomatic DH presentation.

Once a diagnosis is confirmed, surgical management is the gold standard of care with non-absorbable suture repair of
the diaphragm.’ Both laparotomy and laparoscopy are reasonable surgical approaches depending on the severity of the
hernia and organ involvement. Most patients tolerate the surgery, although complications have been seen in up to 4.55%
of adults after CDH repair, requiring return to the operating room."’

Conclusion

The authors present a rare case of DH in an adolescent male, whose diagnosis was complicated due to nonspecific
gastrointestinal presenting symptoms initially attributed to hyperglycemia in the setting of known T1DM. Although the
exact cause of DH remains unknown, the patient’s history of a MVA and retrospective CXR suggesting a diaphragmatic injury
point to trauma as the most likely etiology. We cannot rule out, however, the possibility of a CDH that was undiagnosed in the
newborn period. Due to nonspecific radiologic as well as clinical presentation of DH that closely resemble more common
respiratory, gastrointestinal, and in our case, even endocrine etiologies, diagnosis of DH can be missed or delayed, resulting in
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significant morbidity and mortality. Providers should, therefore, maintain a high index of suspicion when encountering
adolescent patients with such symptoms.

Abbreviations
DH, diaphragmatic hernia; CDH, congenital diaphragmatic hernia; CXR, chest X-ray; TIDM, type 1 diabetes mellitus;
MVA, motor vehicle accident; CHS, cannabinoid hyperemesis syndrome; AXR, abdominal X-ray.
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