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Median arcuate ligament syndrome (MALS) is an underdiagnosed chronic pain
condition caused by compression of the celiac artery by the median arcuate
ligament. It primarily affects women between 30 and 50 years of age and is
classically characterized by a triad of post-prandial abdominal pain, weight loss,
and nausea and vomiting. MALS frequently coexists with postural orthostatic
tachycardia syndrome (POTS), a dysautonomia that presents with an excessive
increase in heart rate upon standing. The preferred treatment is laparoscopic
release of the median arcuate ligament, a procedure that carries significant risk
of injury to adjacent structures, including the abdominal aorta. Further,
patients with comorbid POTS are particularly vulnerable to intraoperative
hemodynamic lability due to autonomic dysfunction and potential interactions
between medications used to treat the condition and anesthetic agents.
Anesthesiologists must tailor their management strategies and anticipate
possible intraoperative complications. Postoperatively, careful pain management
is essential, as patients with MALS often have higher analgesic needs than the
average surgical patient. In this paper, we would like to discuss the perioperative
anesthetic management of a patient with both MALS and POTS.

Introduction

Median arcuate ligament syndrome (MALS), also known as celiac artery
compression syndrome or abdominal angina, is an underdiagnosed chronic
pain condition in which the median arcuate ligament compresses the celiac
artery at its origin from the aorta.(Figure 1) This syndrome was first described
by Lipshutz in 1917, followed by Harjola in 1963 and Dunbar in 1965.1
The median arcuate ligament, formed by the left and right diaphragmatic
crura, typically passes superiorly to the origin of the celiac artery.(Figure 1A)
However, in 10-24% of the p fulatlon the ligament is low-lying, which in
some cases can lead to MALS.# (Figure 1B) MALS, affecting 2 out of every
100,000 people, most commonly occurs in women aged 30 to 50 years old
and is characterized by a triad of post-prandial abdominal pain, weight loss,
and nausea and vomltmg2 The abdominal pain is hypothesized to result
from foregut ischemia secondary to celiac artery compression, irritation of the
sympathetic pain fibers of celiac ganglia, causing splanchnic vasoconstriction
and further ischemia, or a combination of both mechanisms.>
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Figure 1. A: Normal anatomy of the median arcuate ligament of the diaphragm and celiac artery. B: Median Arcuate
Ligament Syndrome (MALS) - Celiac artery origin from the abdominal aorta is compressed by the median arcuate
ligament. Painting Credit Lakshmi N Kurnutala M.D., M.Sc.

Case Report

A 32-year-old female patient (BMI-22.5 kg/m?) with a history of Ehlers-
Danlos syndrome (EDS) with postural orthostatic tachycardia syndrome
(POTS) was scheduled for open repair of MALS under general anesthesia.
The patient’s symptoms included intermittent abdominal pain after eating.
Her history was significant for dysautonomia, syncope, deep vein thrombosis,
anxiety, bipolar disorder, cholecystectomy, and gastric sleeve surgery three
years ago. Her dysautonomia was managed on multiple medications
including pyridostigmine, midodrine, droxidopa, and fludrocortisone. The
patient received a celiac plexus block two months before the planned surgery,
which improved her symptoms. Based on her nonspecific abdominal pain,
symptomatic pain relief after a celiac plexus block, and CT abdomen
angiogram, she was diagnosed with MALS.

She underwent open median arcuate ligament release and celiac plexus
neurolysis with lumbar sympathectomy under general anesthesia with
endotracheal intubation. Intraoperative monitoring included standard
American Society of Anesthesiologists (ASA) monitors (EKG, SpO,, EtCO,,
and temperature), neuromuscular monitoring, invasive blood pressure
monitoring via an arterial line, and a Foley catheter. Anesthetic induction
included propofol (100 mg), fentanyl (50 mcg), midazolam (2 mg), lidocaine
(50 mg), and rocuronium (50 mg). Anesthesia was maintained with
sevoflurane in an oxygen-air mixture, with titrated doses of fentanyl for
analgesia, rocuronium for neuromuscular blockade, and ondansetron for
prophylaxis of postoperative nausea and vomiting. At the conclusion of
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surgery, neuromuscular blockade was reversed with sugammadex. The patient
was extubated in the operating room and transferred to the post-anesthesia
care unit (PACU) without intraoperative complications.

For enhanced postoperative pain control, a thoracic epidural catheter was
placed preoperatively at the T8-T9 level and utilized for three days
postoperatively, providing adequate analgesia. The postoperative course was
notable for mild nausea and vomiting, which was effectively treated with
ondansetron as needed. The patient recovered and was discharged home. At a
two-week follow-up visit in the vascular surgery clinic, she reported maximal
symptomatic improvement following surgery.

Discussion

Preoperative Preparation and Workup

MALS symptoms overlap with numerous gastrointestinal disorders, making
the diagnosis of patients particularly challenging. Timely diagnosis is critical,
as undiagnosed patients may undergo unnecessary procedures, such as
diagnostic laparoscopy, cholecystectomy, and laparotomy, and continue to
experience unmanaged chronic abdominal pain.4 Positive workup reveals
elevated celiac artery velocities on ultrasound that normalize with inspiration
and a ‘hooked’ configuration of the celiac artery on CT angiography.” MALS
remains a diagnosis of exclusion, and alternative etiologies of abdominal pain
must be carefully ruled out, particularly given that many individuals with
celiac artery compression by the median arcuate ligament are asymptomatic.1

Several conditions can occur comorbidly with MALS, including
dysautonomia such as POTS, connective tissue disorders such as EDS, and
psychiatric conditions. These comorbid conditions should be carefully
considered in surgical decision-making due to their potential impact on
outcomes. The mainstay treatment for MALS is surgical release of the median
arcuate ligament. However, in patients with both MALS and POTS, as in
this case, concomitant celiac plexus sympathectomy should be considered,
as symptomatology may reflect a greater neuropathic component." POTS
is characterized by systemic autonomic dysregulation with prominent
gastrointestinal manifestations, which may predispose patients to exaggerated
neurogenic abdominal pain when superimposed upon direct celiac plexus
irritation from median arcuate ligament cornpression.5

Preoperative evaluation of a patient’s medications is also essential. This
evaluation is crucial for patients with dysautonomia, as treatment aimed at
optimizing hemodynamics may interact with anesthesia, thereby heightening
the risk of intraoperative complications. Several medications frequently
prescribed for POTS necessitate careful consideration.(Table 1)
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* Pyridostigmine is an acetylcholinesterase inhibitor that
enhances baroreflex function, helping to reduce excessive
tachycardia. This inhibitor can cause unpredictable
neuromuscular blockade with agents like succinylcholine due
to competition at nicotinic receptors.6 Therefore, careful
quantitative neuromuscular blockade monitoring with a
peripheral nerve stimulator is essential to assess the degree
of paralysis and guide neuromuscular blockade dosing.
Pyridostigmine can also alter responsiveness to reversal agents
such as neostigmine. Their combined cholinergic effects may
potentiate bradycardia. Withholding of pyridostigmine in the
preoperative period is generally safe and should be considered
by anesthesiologists in patients with severe autonomic
dysfunction, such as autonomic failure.® The amount of time
to stop pyridostigmine before surgery is often individualized
based on the patient’s symptoms, surgery type, and anesthetic

plan.

* Midodrine, an alpha-1 adrenergic agonist, induces
vasoconstriction, improving venous return, blood pressure,
and cerebral perfusion, thereby reducing the orthostatic
tachycardia, dizziness, and fatigue seen in POTS. However,
this agonist can cause supine hypertension intraoperatively,
which may be managed with reverse Trendelenburg
positioning.® Anesthesiologists should consider holding the
drug on the morning of surgery, especially in patients with
preexisting supine hypertension.

* Fludrocortisone is a mineralocorticoid that promotes renal
sodium retention and water reabsorption, helping to reduce
orthostatic tachycardia. It can cause hypokalemia in up to
50% of patients and hypomagnesemia in up to 10%,
increasing the risk of arrhythmias and altered response to
neuromuscular blockers.® Doses above 0.3 mg/day may
suppress the hypothalamic-pituitary-adrenal (HPA) axis,
impairing the cortisol stress response to surgery.6 If
suppression is present, stress-dose steroids may be required to
maintain hemodynamic stability.

A thorough review of a patient’s medications informs anesthetic choices and
enhances preparedness to manage potential perioperative complications.

Surgical and Anesthetic Considerations

Patient selection is the most important determinant of successful surgical
outcomes.! Recommendation for surgery should be determined by a
multidisciplinary team of vascular surgery, pain medicine, and psychialtry.1
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Table 1. Medications for POTS management that may interact with anesthetic agents.

Medication Anesthetic Consideration
Pyridostigmine Succinylcholine Prolongs neuromuscular blockade
Neostigmine Bradycardia due to additive cholinergic effect
Anticholinergics May exaggerate tachycardia
Beta-blockers Propofol Hypotension and bradycardia risk
Ketamine Hypertension due to unopposed alpha-mediated vasoconstriction
Midodrine Ketamine Exaggerated heart rate and blood pressure response due to combined sympathetic
activity
Anticholinergics May exaggerate tachycardia
Droxidopa Volatile May cause unpredictable blood pressure response
anesthetics
Ketamine Exaggerated heart rate and blood pressure response due to combined sympathetic
activity
Fludrocortisone Volatile Vasodilation may counteract mineralocorticoid volume support
anesthetics

Certain factors increase the likelihood of persistent symptoms even after the
surgery. These factors include atypical pain, periods of remission, age over 60
years, a history of psychiatric conditions or alcohol abuse, weight loss of less
than 10 kg, and dysautonomia.l In patients with these risk factors who still
opt for surgery, it is important to manage expectations and emphasize that it
may not be curative.! Conversely, post-prandial pain, age between 40 and 60
years, and weight loss of 10 kg or greater are associated with more successful
outcomes.

A celiac plexus block with local anesthetic by a pain physician may help to
determine both the diagnostic and therapeutic approach for MALS. Surgical
treatment for MALS involves laparoscopic, open, or robotic release of the
median arcuate ligament, with reported success rates of 70% to 80%.1 This
procedure may be combined with celiac plexus neurolysis, revascularization,
or both, depending on the individual patient. Intraoperative confirmation
of successful release can be achieved using duplex ultrasound, which
demonstrates minimal change in celiac artery velocity at baseline and during
deep insgiration, as described by Skelly and Mak at the University of
Chicago.” Laparoscopic surgery is generally favored over open approaches
because it offers smaller incisions, reduced postoperative morbidity, and faster
recovery.2 However, laparoscopy is also associated with a higher risk of aortic
injury, incomplete ligament release, and difficult-to-control hemorrhage.2 If
an aortic injury occurs, conversion to emergent open surgery is required to
minimize morbidity and mortality. For this reason, anesthesiologists should
be prepared for the possibili;y of major blood loss and ensure that blood

products are readily available.
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Intraoperative Complications

Hypotension is a concern during the release of the median arcuate ligament
because hemodynamic lability is common in patients with POTS. Impaired
autonomic vasoconstriction and relative hypovolemia increase their
susceptibility to blood pressure fluctuations under anesthesia. Hypotension
can be managed with crystalloid fluid boluses.8 If blood pressure does not
improve with fluid resuscitation, phenylephrine should be used as the first-
line agent due to its selective alpha-1 adrenergic activity, which promotes
arterial and venous vasoconstriction and thereby increases blood pressure.8
Epidural analgesia can improve postoperative pain control in patients with
MALS undergoing release of the median arcuate ligament, but it is
contraindicated in those with greexisting hypovolemia due to the risk of
neuraxial-induced hypotension.® Because patients with POTS are often
relatively hypovolemic and particularly susceptible to hypotension under
anesthesia, ensuring adequate intravenous hydration before epidural
administration is essential to minimize this risk.®

Compression of the celiac artery in MALS reduces blood flow to the
gastrointestinal system. The resulting chronic ischemia slows gastric emptying
and impairs gastrointestinal motility, producing the classic symptoms of post-
prandial abdominal pain, weight loss, nausea, and vomiting. In patients with
comorbid dysautonomia, such as POTS, these symptoms may be exacerbated
due to further impairment of gastrointestinal motility. For anesthesiologists,
gastroparesis carries significant implications for airway management, as it
increases the risk of aspiration. Rapid sequence induction and intubation
should be considered in these patients.6

Anesthesiologists must recognize that patients with dysautonomia are
sensitive to positive pressure ventilation and pneumoperitoneum, the latter
of which is required for laparoscopic procedures like median arcuate ligament
release.® These interventions reduce venous return to the heart. In healthy
individuals, the sympathetic nervous system compensates by vasoconstricting
and modestly increasing heart rate. POTS patients rely primarily on heart
rate to maintain cardiac output due to impaired vascular compensation,
often resulting in exaggerated tachycardia and hypotension. Anesthesiologists
should maintain adequate intravascular volume and consider using smaller
tidal volumes to minimize hemodynamic instalbility.6

Postoperative Pain Management

Because MALS is a chronic pain condition, postoperative pain is often
difficult to manage and typically necessitates greater care and medication
requirements than for the average surgical patient. Chronic pain patients are
frequently on long-term ogioid therapy, which can lead to opioid-induced
hyperalgesia and tolerance.” To reduce postoperative pain after laparoscopic
procedures such as median arcuate ligament release, studies recommend
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several strategies: injecting long-acting local anesthetics at port sites, removing
residual CO,, administering intraperitoneal subdiaphragmatic local
anesthetic, and, in some cases, using epidural analgesia.2 Epidural analgesia
has been shown to accelerate the return of normal gastrointestinal motility
and reduce pain with movement during the first 24 hours after surgery.2 For
patients who cannot receive an epidural, a combination of continuous opioid
infusion with patient-controlled anesthesia (PCA) bolus doses offers a good
alternative.? Although narcotic use may worsen pre-existing gastrointestinal
motility issues, pain control should not be compromised by overly
minimizing their use.6

Long-Term Outcomes and Follow-Up

Although surgical release of the median arcuate ligament has a high success
rate, all patients who undergo surgery must be followed long-term due to the
possibility of persistent or recurrent abdominal pain.1 This pain may result
from restenosis, indicated by reduced celiac artery flow, or from neuropathy
if celiac artery velocity is normal, in which case a celiac plexus block may be
beneficial.l If pain persists despite normalized celiac artery velocity, absence
of neuropathic features, or other biochemical abnormalities, it is likely due
to a functional gastrointestinal disorder (FGID).! In such cases, medical
management by a multidisciplinary team including gastroenterology, pain
physicians, vascular surgery, and psychiatry is recommended.!® For most
patients, however, surgical release provides at least partial symptom relief and
patient satisfaction.!

Conclusion

Physicians should maintain a high index of suspicion for MALS when
a patient presents with the characteristic symptom triad of post-prandial
abdominal pain, weight loss, and nausea and vomiting. In patients with
MALS and coexisting POTS undergoing laparoscopic ligament release or
open surgery, anesthetic care requires careful selection of agents due to
potential interactions with POTS medications and thorough preparation
for procedural complications. Recognizing MALS and its association with
dysautonomia, such as POTS, through a multi-disciplinary approach can
accelerate the diagnosis, guide treatment strategies, and ultimately improve
patient outcomes.

Submitted: October 28, 2025 CDT. Accepted: January 15, 2026 CDT. Published: January 21, 2026 CDT.

Journal of the Mississippi State Medical Association



Management of a Patient with MALS and Dysautonomia — A Case Report and Review of Literature

REFERENCES

1. Skelly CL, Mak GZ. Median arcuate ligament syndrome - Current state of management.
Semin Pediatr Surg. 2021;30(6):151129. doi:10.1016/j.sempedsurg.2021.151129

2. Alvarez-Fuente E, Fadrique Fuentes A, Poves-Alvarez R, Go6mez-Pesquera E, Herndndez

Lozano A. Anaesthetic management of median arcuate ligament syndrome. Manejo anestésico del
sindrome del ligamento arcuato medio. Rev Esp Anestesiol Reanim (Engl Ed).
2018;65(10):597-600. doi:10.1016/j.redar.2018.06.004

3. Woestemeier A, Semaan A, Block A, et al. Prognostic factors for the long term outcome after
surgical celiac artery decompression in MALS. Orphanet ] Rare Dis. 2023;18(1):334.
doi:10.1186/513023-023-02952-7. PMID:37872625

4. Kim JE, Rhee PL. Median arcuate ligamentum syndrome: Four case reports. World J Clin
Cases. 2022;10(6):1991-1997. d0i:10.12998/wjcc.v10.i6.1991. PMID:35317133

S. Mehr SE, Barbul A, Shibao CA. Gastrointestinal symptoms in postural tachycardia syndrome:

a systematic review. Clinical autonomic research: official journal of the Clinical Autonomic
Research Socz’ety. 2018;28(4):411-421. d0i:10.1007/s10286-018-0519-x. PMID:29549458

6. Mustafa HI, Fessel JP, Barwise J, et al. Dysautonomia: perioperative implications.
Anesthesiology. 2012;116(1):205-215. doi:10.1097/ALN.0b013e31823db712. PMID:22143168

7. Sethi P, Vaishnavi BD, Kaur M, Bhatia P. Anaesthetic considerations in coeliac artery
compression syndrome. Indian | Anaesth. 2021;65(4):344-345. doi:10.4103/ija.JJA_1228_20.
PMID:34103755

8. Ruzieh M, Dziuba M, Hofmann JP, Grubb BP. Surgical and dental considerations in patients
with postural tachycardia syndrome. Auton Neurosci. 2018;215:119-120. doi:10.1016/
j.autneu.2018.04.003

9. Aroke EN, McMullan SP, Woodfin KO, Richey R, Doss J, Wilbanks BA. A Practical
Approach to Acute Postoperative Pain Management in Chronic Pain Patients. / Perianesth Nurs.
2020;35(6):564-573. doi:10.1016/j.jopan.2020.03.002. PMID:32660812

10. Fikree A, Byrne P. Management of functional gastrointestinal disorders. Clin Med (Lond).
2021;21(1):44-52. doi:10.7861/clinmed.2020-0980. PMID:33479067

Journal of the Mississippi State Medical Association


https://doi.org/10.1016/j.sempedsurg.2021.151129
https://doi.org/10.1016/j.redar.2018.06.004
https://doi.org/10.1186/s13023-023-02952-7
https://doi.org/10.12998/wjcc.v10.i6.1991
https://doi.org/10.1007/s10286-018-0519-x
https://doi.org/10.1097/ALN.0b013e31823db712
https://doi.org/10.4103/ija.IJA_1228_20
https://doi.org/10.1016/j.autneu.2018.04.003
https://doi.org/10.1016/j.autneu.2018.04.003
https://doi.org/10.1016/j.jopan.2020.03.002
https://doi.org/10.7861/clinmed.2020-0980

	Management of a Patient with MALS and Dysautonomia – A Case Report and Review of Literature
	Introduction
	Case Report
	Discussion
	Preoperative Preparation and Workup
	Surgical and Anesthetic Considerations
	Intraoperative Complications
	Postoperative Pain Management
	Long-Term Outcomes and Follow-Up

	Conclusion
	References


