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Introduction
Median arcuate ligament syndrome (MALS) is a rare disor-
der caused by variation in the anatomic position of the 
median arcuate ligament.1–3 The low-lying median arcuate 
ligament exerts compression on the celiac nervous plexus 
that surrounds the artery and its branches. This compression 
and chronic irritation of the nerve plexus may cause signifi-
cant pain and anorexia. In addition, psychological conditions 
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Abstract
Objectives: Median arcuate ligament syndrome is a complex disorder potentially caused by variation in the position of the 
median arcuate ligament. Symptomology involves chronic abdominal pain, nausea, and malnourishment. Pain management 
modalities and short-term outcomes for patients undergoing operative surgery for median arcuate ligament syndrome 
have yet to be fully evaluated. Our hospital implemented a pain management consultation program in 2017 focused on 
perioperative pain management. The objective of this study is to assess if the introduction of a pain management consultation 
program concurrent with median arcuate ligament syndrome surgery impacts patient outcomes and post-operative pain 
management strategies in these patients.
Methods: De-identified data was collected retrospectively from our hospital’s electronic medical records system, identifying 
median arcuate ligament syndrome patients and using International Classification of Diseases (ICD) and Current Procedural 
Terminology (CPT) codes from September 2017 to August 2021. Patients were grouped into the “consultation” cohort if 
they had scheduled and attended a pre-operative pain consultation. Pre-operative and discharge medications, pain scores, 
and demographics were collected to evaluate if the initiative impacted outcomes.
Results: Median arcuate ligament syndrome patients who had a pre-operative pain management consultation had higher 
rates of pre-operative opioid (35.5%; p = 0.01) and non-opioid use (60.7%; p < 0.001). Patients without a pre-operative 
consultation that did not use opioids pre-operatively were more likely to be discharged on one or more opioids. Differences 
were also found for psychiatric medication at discharge (p < 0.001) with patients receiving pain consultation indicating higher 
percentages of use.
Conclusion: Special consideration on prescribing pain medication should be part of discharge planning for median arcuate 
ligament syndrome patients. Addition of a pain management consultation can aid in these decisions.
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are present in many patients diagnosed with MALS,1,4 a 
common finding among those with chronic abdominal 
pain.5,6 For patients with MALS, pre-existing psychiatric 
diagnoses are associated with poorer clinical outcomes for 
both adult4 and pediatric patients.7

Our hospital (Stamford Hospital), a 305-bed community 
teaching hospital, has provided MALS corrective surgery for 
individuals from around the country. MALS patients often 
undergo extensive workup ruling out gastrointestinal causes 
of their symptoms.8 Initial workup for the diagnosis of 
MALS begins with a noninvasive mesenteric duplex ultra-
sound evaluating for elevated velocities in the celiac artery 
with normalization of the velocities during deep inspiration, 
suggesting dynamic arterial compression.2 The MALS anat-
omy can be demonstrated by magnetic resonance imaging or 
computed tomography imaging showing the diaphragmatic 
crus (including the median arcuate ligament) surrounding 
the main trunk of the celiac artery. This may create the 
appearance of a “J-hook” of the celiac artery.3,8,9

Through rigorous patient selection and refinement of 
operative techniques to resect the median arcuate ligament 
and celiac plexus, our hospital has reported positive patient 
outcomes on postprandial pain, nausea, and vomiting.10,11 
Even with prudent patient selection for the procedure, this 
surgery is complex and requires aggressive pain manage-
ment and control.12 As widely reported, many MALS patients 
are considered chronic pain patients, and require effective 
pain management before, during, and after surgery to reduce 
acute postoperative pain.13

A pain management program at our hospital was imple-
mented in 2017 to formulate and execute a plan for periop-
erative pain management, including education, presentation 
of options, and discussion of expectations. The post-opera-
tive pain control strategy is multi-modal, with initiatives 
implemented with the goals of decreasing postoperative nar-
cotic use and early return to mobilization and activities of 
daily living. The purpose of this study is to retrospectively 
review the medical records of patients who underwent 
MALS corrective surgery at our hospital to observe if there 
are differences in patient outcomes before and after the 
implementation of pain management consultations and 
changes in pain management practices.

Methods

Ethics and informed consent statement

Prior to study initiation, the protocol was determined as 
exempt by our Institutional Review Board, Western 
Copernicus Group (WCG IRB Work Order #1-1440620-1).

This study was a retrospective review, including assess-
ing the implementation of a post-operative pain management 
consult, among patients with MALS, who underwent correc-
tive surgery at our 305-bed community hospital. Patients 
were included if they had been diagnosed with MALS and 

also received corrective surgery at our hospital. They were 
not eligible if they did not receive corrective surgery at our 
institution or had prior MALS corrective surgeries. There 
was no age limit imposed for the study.

Data was collected via electronic medical record extrac-
tion using the MALS corrective surgery International 
Classification of Diseases-10 (ICD-10) procedural codes, 
including all patients who received MALS surgery at SH 
from September 2017 to August 2021. De-identified data 
was collected into a database and analyzed using SPSS ver-
sion 28.01. After the pre-operative MALS-based pain man-
agement program at our hospital was implemented in 2017, 
patients scheduled for MALS surgery were encouraged to 
attend a pain consultation visit, though not all patients chose 
to attend. Patients were grouped into the “consultation” 
cohort if they had attended a pre-operative pain consultation 
with a unique visit number and documentation of the visit.

Statistical analysis

Baseline demographics and clinical variables of interest 
were compared across the cohorts divided by pain consulta-
tion (yes/no). Medications prescribed pre-operatively and at 
discharge were grouped by drug class and categorized by 
opioids, non-opioid pain relievers, psychiatric medications, 
and others. For discrete variables, count and percentages are 
presented for the univariate chi-square tests of association 
analyses. Fisher’s exact tests were used when expected cell 
frequencies were less than five patients. For continuous vari-
ables, group t-tests were used to compare differences 
between those patients who did and did not have a pre-oper-
ative pain management consultation. As an exploratory anal-
ysis, there were no corrections applied to the data for multiple 
comparisons and missing value imputation was not used for 
this research. A p-value of 0.05 (p < 0.05) defined reaching 
statistical significance for each analysis.

Results

A total of 340 patients met inclusion criteria and were 
included in the current analysis (214 = pain consultation 
group, 126 = non-consultation group). Results were not 
found to be significantly different between groups for base-
line demographics and comorbidities including gender, race, 
prior surgical history, comorbidities, rectal sheath block use, 
and mean American Society of Anesthesiology scores which 
allows clinicians to categorize a patient’s physiological sta-
tus as a prediction of operative risk14 (Table 1). Furthermore, 
results for patient age, procedure duration, length of stay 
(LOS), first and last documented pain scores, and estimated 
blood loss had non-significant results with p-values greater 
than 0.05 (Table 2).

Table 3 presents the results of patient medication use both 
prior to their MALS procedure as well as for medications 
prescribed on discharge between the defined groups. Higher 
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percentage of patients who had a consultation used opioid 
medications (35.5%, p = 0.016) and non-opioid pain medica-
tions (60.7%, p < 0.001) pre-operatively, with more non-
opioid pain relievers documented. No significant differences 
were found for pre-operative use of psychiatric medications 
or other medications between cohorts.

Despite the higher percentage of patients utilizing pre-
scription opioids pre-surgery, opioid use on discharge was 
found to be significantly lower among patients with a pain 
consultation (64.5%) compared to 81.7% of patients dis-
charged with a prescription for opioids without a pain con-
sultation (p < 0.001). Significant differences were also seen 
for discharge psychiatric medicine (p < 0.001), and other 
medications on discharge (p = 0.006), with pain consultation 

patients showing a higher percentage of medication use in 
both cases. No significant differences were found regarding 
non-opioid medication use on discharge (Table 3).

Lastly, the results of the 2 × 2 × 2 chi-square analysis 
(Supplemental Table 1) were highly significant. Patients 
without a pain consultation that did not take opioid medica-
tion pre-operatively were more likely to be discharged on 
one or more opioid medications (p < 0.01). Similarly, 
patients without pre-operative opioid medication use who 
had a consultation were more likely (51.91%) to be pre-
scribed one or more opioid at discharge. On the contrary, 
patients with a pain consultation that were pre-operatively 
using one or more opioid medications were less likely to be 
prescribed one or more opioids at discharge (15.24%).

Table 1. Demographics and descriptive between pain consultation cohorts (chi-square tests of association, unless otherwise noted).

Variable Category Did the patient have a pain consultation? p-Value

No Yes

Count (%) Count (%)

Gender Female 105 (83) 176 (82.2) 0.798
Male 21 (16.7) 38 (17.8)

Race Other 11 (8.7) 27 (12.6) 0.272
White 115 (91.3) 187 (87.4)

Prior surgeries No 124 (98.4) 214 (100.0) 0.137*
Yes 2 (1.6) 0 (0.0)

Co-morbid: GI No 86 (68.3) 128 (59.8) 0.120
Yes 40 (31.7) 86 (40.2)

Co-morbid: Nutritional No 111 (88.1) 194 (90.7) 0.453
Yes 15 (11.9) 20 (9.3)

Co-morbid: Other No 108 (85.7) 187 (87.4) 0.661
Yes 18 (14.3) 27 (12.6)

Rectus sheath block No 8 (6.6) 12 (5.6) 0.723
Yes 114 (93.4) 202 (94.4)

ASA score 1 3 2.4 4 1.9 0.755
2 101 80.2 166 77.6
3 22 17.5 44 20.6

ASA: American Society of Anesthesiology; GI: gastrointestinal; Co-morbid: comorbidity.
*Fisher’s exact test.

Table 2. Means-based t-test for reported pain scores, age in years, and outcome variables by group.

Variable No pain consultation
n = 126

Pain consultation
n = 214

p-Value

Mean SD Mean SD

Age 26.91 14.81 27.92 15.34 0.556
Cut to close* 105.13 24.87 101.19 22.37 0.134
LOS 5.50 1.83 5.58 2.31 0.727
First pain score 5.37 2.44 5.38 2.35 0.970
Last pain score 4.56 1.99 4.43 2.08 0.573
EBL (ml) 76.75 66.21 77.92 132.14 0.933

EBL: estimated blood loss; LOS: length of stay.
*Minutes.
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Discussion

In this study, we retrospectively reviewed available medical 
records of patients who underwent MALS corrective surgery 
at our hospital to observe if there were differences in patient 
outcomes before and after the implementation of pain man-
agement consultations in addition to changes in pain manage-
ment practices. To the best of our knowledge, this is the first 
reported observation of this interaction in the literature. Due 
to the rarity and complexity of this disease, previous research 
has relied on small sample sizes, and loss to follow-up is 
common.8 There is also limited research on long-term out-
comes after corrective surgery, and pain management among 
this population is under-studied.15,16 Our findings suggest that 
patients who were already prescribed opioids prior to surgery 
were more likely to receive a pain consultation. In addition, 
opioid prescribing on discharge was found to be lower among 
patients with a pain consultation. Of potentially greater 
importance is the finding that patients without a pain consul-
tation who did not take opioid medication pre-operatively 
were more likely to be discharged on one or more opioid 
medications but patients with a pain consultation who were 
already prescribed one or more home opioid medication were 
less likely to be prescribed opioids at discharge.

Inadequately managed chronic pain may lead to adverse 
physical and psychological outcomes for both patients and 
their families. As the diagnosis of MALS is already compli-
cated by a high incidence of psychopathology,1,4 choosing an 
effective pain management strategy is essential for improv-
ing recovery after surgery. The use of analgesics, particularly 
opioids, is the foundation of treatment for most types of pain 

following surgery.17 However, recent research suggests an 
association between the risk of adverse health care events 
with higher opioid doses and longer duration of 
utilization.18

In addition, an increased LOS in patients with preopera-
tive opioid use has been noted previously in the literature 
following elective abdominal surgery,19 which is of particu-
lar concern for our study population already receiving opi-
oids prior to surgery. However, it is encouraging that even in 
our higher risk MALS population, patients were more likely 
to be discharged without opioid medications if they receive a 
pain management consultation in the perioperative period. 
LOS was not significantly different between the groups.

For patients with existing preoperative psychological 
conditions, such as the MALS population described here, 
prior research suggests increased risk for chronic opioid use 
after surgery for opioid-naïve patients.20 This is highly rele-
vant to our findings as higher percentages of our patients 
who were opioid-naïve were prescribed opioids upon dis-
charge when a pain consultation was not obtained. Studies 
have shown adverse health outcomes in patients receiving 
long term opioid treatment for pain after surgery.17,21 
Therefore, the decreased narcotic requirement in our patients 
receiving perioperative pain management consultations may 
decrease risk of adverse health events.

Limitations

The retrospective observational study design of this report lim-
its the applicability of results, such as potential confounders not 
controlled for as well as differing documentation practices 

Table 3. Chi-square analysis on home medications and discharge medications by consultation cohort.

Variable Category Did the patient have a pain consult? p-Value

No Yes

Count (%) Count (%)

Home meds: Opioids None 97 (77.0) 138 (64.5) 0.016
1 or more 29 (23.0) 76 (35.5)

Home meds: Non-opioid pain relievers None 72 (57.1) 84 (39.3) 0.001
1 or more 54 (42.9) 130 (60.7)

Home meds: Psych None 45 (35.7) 62 (29.0) 0.196
1 or more 81 (64.3) 152 (71.0)

Home meds: Other None 15 (11.9) 13 (6.1) 0.059
1 or more 111 (88.1) 201 (93.9)

Discharge meds: Opioid None 23 (18.3) 76 (35.5) <0.001
1 or more 103 (81.7) 138 (64.5)

Discharge meds: Non-opioid pain relievers None 43 (34.1) 78 (36.4) 0.666
1 or more 83 (65.9) 136 (63.6)

Discharge meds: Psych None 34 (27.0) 119 (55.6) <0.001
1 or more 92 (73.0) 95 (44.4)

Discharge meds: Other None 28 (22.2) 78 (36.4) 0.006
1 or more 98 (77.8) 136 (63.6)

Meds: medications; Consult: consultation; Psych: psychiatric.
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among providers, possibly resulting in misclassification bias. 
In addition, this was a single hospital report using a smaller 
sample size, although all surgeries included were conducted by 
a single operator to maintain institutional operating consist-
ency. In addition, as this was a retrospective analysis, there was 
no predetermined sample size estimation for a formal power 
calculation to determine the number of subjects required for 
statistical significance in each group. Also, we acknowledge 
that causality cannot be established due to the retrospective 
nature of the study design without patient follow-up after dis-
charge. While our results are promising, they may not be gen-
eralizable to other programs at smaller community hospitals or 
larger, non-teaching medical centers.

Conclusion

Patients with a MALS diagnosis are considered chronic pain 
patients, and require effective pain management modalities 
before, during, and immediately after surgery to reduce acute 
postoperative pain. Healthcare providers therefore need to 
improve pain management strategies for patients who are 
transitioning from chronic preoperative pain to acute postop-
erative pain to limit opioid utilization and duration. As many 
patients’ first opioid exposure follows a hospitalization, the 
prescribing practices on discharge can have implications in 
future opioid consumption. This study highlights a vulnera-
ble surgical MALS population already experiencing chronic 
pain, and perioperative pain management may decrease the 
opioid prescribing and requirements at postoperative dis-
charge. Future research should be directed at assessing pain 
control, opioid usage, long-term postoperative symptom 
improvement, and evaluation of symptom recurrence in this 
patient population.
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