
RADIOLOGICAL CASE

Case Summary
 A young adult presented to the 

emergency department following 
a fall from bed. On examination, 
the patient was noted to be severely 
cachectic with a body mass index 
(BMI) of 12.9 and a visible deformity 
of the distal left femur. Patients with 
a BMI <15 are characterized by the 
DSM-5 as having extreme anorexia 
nervosa (AN).1 

The patient complained of distal 
left thigh pain and bilateral foot pain. 
They reported recently experiencing 
bilateral foot edema, for which they 
poked their feet with sewing needles 
in an attempt to relieve the pressure. 
Per the patient’s parent, they had an 
extensive history of hospitalizations 
for AN-related medical complica-
tions. During workup, the patient 
underwent lower extremity and 
pelvic radiography, noncontrast CT 
of the head, chest, abdomen, and 
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pelvis; and MRI of the feet to assess 
for osteomyelitis. 

Imaging Findings
Knee radiography demonstrated 

an oblique, impacted fracture of the 
distal femoral metaphysis superim-
posed on diffuse bony demineraliza-
tion. Pelvis radiography revealed an 
acute, comminuted fracture of the 
right greater trochanter, as well as re-
mote fractures of the bilateral supe-
rior pubic rami (Figure 1). Addition-
ally, Rigler sign, air outlining both 
sides of the colon wall was also seen 
(Figure 1). Sagittal CT of the spine 
revealed multiple vertebral body 
compression fractures (Figure 1).

Axial noncontrast brain CT 
demonstrated diffuse prominence 
of the ventricles and sulci, out of 
proportion to the patient’s age (Fig-
ure 2). Axial abdominal CT revealed 
retroperitoneal gas dissecting along 
the inferior vena cava and into the 
inferior mediastinum as well as sig-
nificant bowel-wall pneumatosis of 
the ascending and transverse colon, 
and free air within the peritoneal 
cavity (Figure 3). 

Magnetic resonance imaging of 
the feet revealed premature conver-
sion of red marrow to yellow marrow 
(Figure 4) but no osteomyelitis.

Diagnosis 
Anorexia nervosa complicated 

by severe bony demineraliza-
tion, pathological fractures, and 
pneumatosis intestinalis with 
pneumoperitoneum.

Discussion
Anorexia nervosa is a unique 

psychological disorder that leads to 
severe physiologic derangements 
across nearly every body system. 
The sequelae of such alterations can 
present with a variety of radio-
graphic findings. 

The neurological system is 
quarterbacked by the brain, whose 
main fuel source is glucose. Without 
adequate carbohydrate intake, the 
brain is starved of glucose, leading 
to overall decreased brain volume.  
Multiple MRI studies have demon-
strated that gray matter volumes are 
primarily affected in AN; this volume 
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loss has been shown to be reversible 
with weight restoration..

In cases of AN, malnutrition leaves 
the body in a constant “fight or 
flight” state, leading to excessive and 
continuous release of cortisol. This 
blocks calcium absorption and dis-
rupts calcium homeostasis, causing 
decreased bone cell growth and ulti-
mately leading to bone reabsorption 
and decreased bone mineral density. 
The earlier the onset of disease before 
peak bone density is achieved, the 
more severe the osteoporosis.2 This 
leads to increased incidence of patho-
logic fractures. Our patient reportedly 
fell from a height of no more than 
three feet and developed multiple 
acute left lower extremity fractures 

with more age-indeterminate verte-
bral compression fractures.  

Anorexia nervosa has also been 
linked to abnormalities in osteoblast 
and osteoclast progenitor cells in 
bone marrow. Hormonal alterations 
with disruption of the hypothalam-
ic-pituitary axis and amenorrhea 
leads to adipocyte over osteoblast 
differentiation within the mesenchy-
mal stem cell pool.3 This results in fat 
deposition and premature conversion 
from red marrow to yellow marrow.

Severe protein and electrolyte de-
rangements lead to impaired synthetic 
liver function, which can result in 
coagulopathy and abnormally low 
albumin levels. This causes large fluid 
shifts from intravascular to extravas-

Figure 1.  Single supine pelvis radiograph 
demonstrates a subtle acute comminuted right 
greater trochanter fracture superimposed on 
diffuse bony demineralization (arrow). Remote 
fractures noted of the bilateral superior pubic 
rami. Partially visualized abdominal contents 
reveal gas outlining each side of the colon 
wall, indicating bowel pneumatosis with 
pneumoperitoneum (Rigler sign, arrowhead). (B) 
Single frontal view of the left knee demonstrates 
an acute oblique impacted fracture of the distal 
femoral metaphysis superimposed on diffuse 
bony demineralization. There is severe cachexia 
with lack of muscular and soft tissue density. 
(C) Sagittal bone window images demonstrate 
diffuse bony demineralization with age-
indeterminate compression deformities of T1, 
T2, T5, T8, T10, L1, L2, and L4 (some indicated 
by arrows). 
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Figure 2. Axial noncontrast CT of the head demonstrates 
significant ventricular and sulcal prominence out of 
proportion for the patient’s age.
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cular spaces, resulting in anasarca, 
ascites, and pleural effusions, all of 
which this patient experienced during 
their hospital stay.  

Very few cases of pneumatosis 
intestinalis have been reported in the 
setting of AN. As in this patient, the 
condition is typically found inciden-
tally. It is theorized that the combina-
tion of electrolyte imbalance, anasar-
ca, and large fluid shifts in the setting 
of a low-flow mesenteric circulation 
state causes nonocclusive bowel 
ischemia and eventually pneumatosis 
intestinalis and pneumoperitoneum.4  

Conclusion
The images presented in this 

case demonstrate the unique and 
multisystem sequelae of extreme AN. 

Knowledge of such findings form a 
link behind the body’s physiological 
response to severe malnourishment 
and the downstream consequences, 
some of which are reversible, such 
as bony demineralization. Careful 
attention must be paid in identifying 
such findings to help these patients 
receive the most appropriate care. 
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