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SUMMARY

A 34-year-old man was referred to the outpatient clinic
because of progressive abdominal pain, weight loss and
pancytopenia. His body mass index (BMI) had fallen to
14.2kg/m’. A CT angiography (CTA) showed narrowing
of the truncus coeliacus with poststenotic dilation, and
duodenal biopsy revealed ischaemia establishing a rare
diagnosis: median arcuate ligament syndrome (MALS).
This explained the postprandial pain and minimal intake.
Further pancytopenia workup was performed. The bone
marrow displayed gelatinous marrow transformation
(GMT), a rare disorder of unknown pathogenesis, which
has been associated with severe malnutrition. The final
diagnosis was pancytopenia secondary to GMT due to
severe malnutrition caused by MALS. The abnormalities
in the bone marrow may be reversible by restoring
nutritional status. This case emphasises the awareness
of GMT in patients with weight loss, malnutrition and
cytopenias. To our knowledge, this is the first report
demonstrating an association between pancytopenia and
MALS.
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BACKGROUND
Malnutrition may cause pancytopenia by gelati-
nous marrow transformation (GMT), also known
as ‘starvation marrow’ or ‘serous fat atrophy’.! 2
GMT is a rare haematological entity characterised
by hypoplasia, adipose cell atrophy and deposition
of a gelatinous substance in the bone marrow.® The
underlying pathophysiological mechanisms have
not yet been fully elucidated. Treatment is based on
treating the underlying cause and complete revers-
ibility of GMT may be possible by restoring nutri-
tional status.” Although GMT has been described in
several diseases and also in gastrointestinal diseases
like Crohn’s disease, it has not been reported in
median arcuate ligament syndrome (MALS). MALS
is a rare diagnosis, in which compression of the
coeliac artery occurs by the median arcuate liga-
ment, a fibrous arch that unites the diaphragmatic
crura on either side of the aortic hiatus. Although
compression of the coeliac artery may not always
cause symptoms, individuals may suffer from post-
prandial abdominal pain, nausea, vomiting and
fear of eating leading to significant weight loss.
Several theories on the pathogenesis of MALS have
been described, but the exact mechanisms remain
unclear. The standard treatment is decompression
of the coeliac artery by surgical intervention.

We present a case of a young man with pancyto-
penia secondary to GMT due to severe malnutrition

caused by MALS. This case emphasises the aware-
ness of GMT in patients presenting with weight
loss, malnutrition and cytopenias. Gastrointes-
tinal disorders may contribute to the aetiology of
GMT, but since GMT is a morphological sign of
an underlying disease, other causes should be ruled
out before establishing a diagnosis. The recogni-
tion of GMT could help guide investigations and
treatment. To our knowledge, this is the first case
reporting GMT in MALS.

CASE PRESENTATION

A 34-year-old man was referred to the outpatient
clinic because of abdominal pain, weight loss and
pancytopenia. His medical history included a trau-
matic kidney laceration and wound cellulitis.

He has been suffering from nausea and progres-
sive postprandial abdominal pain. This led to a fear
of eating and thus, weight loss. His stool was looser
than normal. He also complained of fatigue and
lightheadedness. There was no history of recurrent
infections.

On physical examination we observed a cachectic
man weighing 41kg (BMI 14.19). His parotid
glands were visible, and he had lip bruises and
sores in the mouth. The palms of his hands were
dark. He had a blood pressure of 100/50 mm Hg
with a normal pulse. Abdominal examination was
unremarkable.

INVESTIGATIONS
Before visiting the outpatient clinic, laboratory
tests were drawn and an abdominal ultrasound
was made. Laboratory tests showed a pancytopenia
(table 1). Abdominal ultrasound showed a normal
aspect of the abdominal organs, but also faecal
impaction of the colon without small bowel disten-
sion and a small amount of free intraperitoneal
fluid. Para-aortal lymph nodes appeared normal.
Given concerns for a malignancy or severe infec-
tion, a CT scan was obtained immediately which
showed no abnormalities except faecal impaction
of the colon. There were no signs of lymphade-
nopathy or hepatosplenomegaly. A normal positron
emission tomography (PET)-CT ruled out an infec-
tion and confirmed that there was no malignancy.
A colonoscopy ruled out colorectal cancer and
inflammatory bowel disease. A gastroscopy showed
pale mucosa of the duodenal bulb and multiple
erosions in the antrum. Duodenal biopsy revealed
ischaemia of the duodenum.
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Table 1 Summary of investigations performed
Investigation Outcome Reference
Chemistry

CRP <1 0-5mg/L

LD 166 <248U/L

TSH 1.19 0.35-4.94 mIU/L
ACTH 39 63ng/L

Cortisol 588 101-536 nmol/L
ESR 2 <15mm/hour
Haemoglobin 8.2 8.5-11.0mmol/L
Erythrocytes 4.1 45-55x10'2/L
Mcv 97 80-100 fL

RDW 15 12.3%-14.3%
Thrombocytes 132 150-400x10°/L
Reticulocytes 0.014 0.025-0.120x10'2/L
Leucocytes 1.6 4.0-10.0x10°/L
Neutrophils 1.0 2.0-7.5x10%/L
Lymphocytes 0.4 1.0-3.5x10°/L
Monocytes 0.2 0.3-1.0x10%/L
Transaminases

ALAT 39 0-45U/L

ASAT 25 0-35U/L
Gamma-GT 16 0-40U/L
Alkaline phosphatase 67 0-125U/L
Bilirubin 4.0 3.4-20.8 ymol/L
Haptoglobin 0.50 0.14-2.58g/L
Lipase 28 8-78U/L
Albumin 47 35-52¢/L
Ferritin 146 22-275pg/L
Vitamin B, >128 >32 pmol/L
Folic acid 121 7.0-46.4 nmol/L
Copper 12 10-24 pmol/L
Zinc 145 9.4-20.6 ymol/L
Immunology

lgG 8.8 7.0-16.0g/L
IgA 13 0.70-4.00g/L
IgM 06 0.2-2.4g/L
Anti-tTG as (IgA) 0.2 <7U/mL
Microbiology

Virus serology

CMV IgM, CMV IgG Negative Negative

EBV ERNA-IgG, EBV VCA-IgG, EBV  Negative Negative
VCA-IgM

Parvovirus B19 IgG, Parvovirus Negative Negative

B19 IgM

HIV Negative Negative

Lues Negative Negative

T-spot Negative Negative

Bolded values represent abnormal values.

ACTH, adrenocorticotropic hormone; ALAT, alanine aminotransferase; Anti-tTG, antibodies to tissue
transglutaminase; ASAT, aspartate transaminase; CMV, cytomegalovirus; CRP, C reactive protein; EBV,
Epstein-Barr virus; ESR, erythrocyte sedimentation rate; Gamma-GT, gamma-glutamyltransferase; HIV,
human immunodeficiency virus; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin
M; LD, lactate dehydrogenase; MCV, mean corpuscular volume; RDW, red blood cell distribution width;
TSH, thyroid stimulating hormone; VCA, virus capsid antigen.

Because of the hypotension and darkened hand palms a
synacthen test was performed to rule out Addison’s disease. The
CT angiography revealed 70% narrowing of the truncus celi-
acus with poststenotic dilation, a radiological feature of MALS
(figure 1). This explained the abdominal pain and weight loss,
which are characteristic symptoms of MALS, but the pancyto-
penia remained unexplained. We continued with the evalua-
tion of pancytopenia. Viral causes were excluded (table 1) and
T-spot was negative. Bone marrow biopsy revealed extensive

Figure 1 Sagittal view of CT angiography in patient with median
arcuate ligament syndrome demonstrating narrowing of the truncus
celiacus with poststenotic dilation.

degenerative changes of the bone marrow and fat marrow. This
established the diagnosis GMT (figure 2). There were no signs
of aplastic anaemia or myelodysplastic disorder. Immunopheno-
typing showed aberrant T-cell population, and T-cell receptor
gene rearrangement showed polyclonal T-cel population.
Chromosome analysis showed a normal karyotype of the bone
marrow.

TREATMENT

The patient was discussed in a multidisciplinary expert panel
setting and they advised to improve the patient’s nutritional
status before undergoing surgical release for MALS.

OUTCOME AND FOLLOW-UP

After the patient was discussed in the multidisciplinary expert
panel setting, hospitalisation was advised to start the feeding
process. Unfortunately he opted not to be admitted and wanted

Figure 2 Bone marrow showing gelatinous transformation combining
haematopoietic hypoplasia, adipose cell atrophy and deposition of
gelatinous substance (low magnification, 100x; H&E stain).
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to try gaining weight on his own. Nevertheless he remained in
a severe cachectic state and the pancytopenia persisted. Gastric
infarction and perforation were considered as possible compli-
cations of MALS. However, he preferred to continue improving
nutritional intake by himself and refused further treatment.

DISCUSSION

We described a case of a young man presenting with postpran-
dial pain, weight loss and pancytopenia establishing two rare
diagnosis: MALS and GMT. MALS has been recognised as the
most common cause of single-vessel arterial stenosis.’ Patients
may adapt their eating pattern to avoid postprandial pain and
in severe cases this can lead to food avoidance causing malnutri-
tion and severe weight loss. In a retrospective study 40% of the
individuals reported weight loss.® The exact incidence of MALS
is unknown and most studies report incidences of asymptomatic
MALS as accidental findings ranging from 3.4% to 7.3%.” ® The
prevalence is higher in young women and in individuals with a
low BMIL.’ There is a lack of standard diagnostic criteria, but
since the severity of truncus celiacus narrowing is influenced by
respiration, imaging must always be performed at maximal inspi-
ration and expiration. Alternative diagnosis needs to be excluded
before the diagnosis MALS may be established. Furthermore,
there is no consensus on management. A systematic review
including data from 400 patients reported postoperative relief
in 85%.'° However, data on long-term effect is lacking. Surgical
intervention might be considered after assessment through a
multidisciplinary expert panel setting.

GMT is a haematological entity associated with numerous
actiologies and is a marker for underlying disease. Therefore,
GMT is not a specific disease of the bone marrow and other
causes should be ruled out before establishing a diagnosis. Since
GMT has been associated with eating disorders such as anorexia
nervosa and self-induced starvation, the severe malnutrition was
highly likely to be the underlying cause of the pancytopenia.
Nevertheless, other causes were ruled out. At first, malignancy
was suspected since the CT showed faecal impaction and wall
thickening of the colon. Colonoscopy showed no abnormali-
ties and also ruled out Crohn’s disease. Other gastrointestinal
diseases such as coeliac disease and gastric ulcer were ruled out
by gastroscopy. A malignancy, including haematological malig-
nancy, was ruled out by immunophenotyping, normal karyotype
of the bone marrow and no abnormalities seen on the CT scan
and PET-CT. Infectious diseases were unlikely, since infection
parameters were low and viral serology was negative. T-spot for
tuberculosis was negative, making tuberculosis unlikely. In addi-
tion, PET-CT revealed no sources of infection. The patient had
no history of alcohol abuse, and there were no signs of metabolic
or autoimmune disorders. In conclusion, the diagnosis GMT due
to severe malnutrition in MALS was made.

The incidence of GMT varies in literature, and an increased
number of case reports has been seen in the last two decades
suggesting an increase in awareness. In a retrospective study 80
000 bone marrow biopsies were revised and revealed a GMT
incidence of 0.29+0.08% in all age groups. There was a peak
incidence of 0.5% in the age group of 20-29 years old. GMT
occurred more often in men, and more severe forms were seen
in younger patients. Nevertheless, higher incidences in smaller
Indian studies are described. Sen et al reported an incidence of
4.39%."" The lack of awareness about the existence of GMT
may have led to lower incidence.

In anorexia nervosa malnutrition is mostly based on a deple-
tion of protein and fat. Wang et al and Rafiullah et al described

GMT in a patient on a starch-free diet and a case with unusual
eating habits and weight loss, respectively.'” > The amount
of weight loss is correlated to the extent of damage in the
bone marrow and may be the predominant risk factor.'* The
presenting haematological laboratory parameter in the majority
of cases with GMT is the presence of at least one peripheral
cytopenia, mostly anaemia. In Bohm et al 82% of the patients
had anaemia. However, the degree of anaemia, total leucocyte
and platelet blood counts, did not correlate with the extent
of GMT." In Jane et al'* all patients had moderate to severe
anaemia. Pancytopenia, as the initial presentation, has also been
described, however less often.'®

The pathophysiology of GMT needs still to be elucidated;
however, the mechanism of malnutrition leading to GMT may
be explained by excessive production of mucopolysaccharide of
ground substance to compensate for the mobilisation of marrow
fat due to severe catabolism.!® Nevertheless, additional factors
are likely to be involved since not every patient with malnutrition
develops GMT. Moreover, not all cases of GMT are associated
with weight loss.® In several case reports reversibility of GMT
has been described after improvement of nutritional state.!* 1317
This may be explained by the occurrence of limited cell necrosis
as cellularity in the marrow also decreases due to lack of growth
factors secondary to starvation.'®

This case describes how a gastrointestinal disorder may
become an aetiological factor in the causation of pancytopenia
and bone marrow abnormalities. The association of haematolog-
ical abnormalities in patients with MALS have not been reported
before, probably because MALS is uncommon and differs in
severity. It is important to be aware of morphological changes
in bone marrow in patients presenting with malnutrition, weight
loss and cytopenias. Raising awareness of GMT and MALS may
contribute to avoid diagnostic delays, underdiagnosis and under-
treatment. To our knowledge, this is the first report describing
pancytopenia and GMT in a patient with MALS.

Learning points

» Pancytopenia may be caused by gelatinous marrow
transformation (GMT), a rare morphological sign of a
generalised illness or condition including severe malnutrition.
This may be a reversible process if nutritional status improves.

» Median arcuate ligament syndrome (MALS) is an
underdiagnosed disease causing postprandial pain, food
avoidance and weight loss.

» Pancytopenia may be the revealing feature of MALS and
physicians should be aware of GMT in cachectic patients due
to underlying gastroenterology diseases

» Lack of suspicion of GMT and MALS can lead to diagnostic
delays, underdiagnosis and undertreatment.
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