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Stem Case and Key Questions Content 
A 13-year-old female patient is scheduled for laparoscopic release of medial arcuate ligament 
(MALS). Following a 6 month period of abdominal pain, nausea and unintentional weight loss, she 
was admitted to the hospital a week ago with worsening pain (pain scores 8/10 at baseline, and 10/10 
postprandially). An extensive GI work up revealed celiac artery compression by duplex and CT 
angiography. Her pain management was complicated by severe bradycardia and nausea in response 
to intravenous opioids administration. The patient was started on a regimen of scheduled doses of 
gabapentin, amitriptyline and acetaminophen, as well as PRN tramadol, lorazepam and 
hydromorphone, with subsequent improvement in pain control. She has no other medical problems or 
allergies, weighs 46 kilograms, and is 5’3” tall. She is now in the preoperative holding area, 
accompanied by her parents. 
 
Questions: 
What are the management strategies for severe acute on chronic pain? Discuss how the patient’s 
history of pain problems, and opioid-induced nausea and bradycardia affect your preoperative 
planning and intraoperative management. 
 
Various options of pain management and their risks and benefits are discussed with the patient and 
parents, including patient controlled epidural analgesia. While the patient herself seems interested in 
the epidural, she is quickly dissuaded by her mother, a medical professional, who knows of patients 
managed with epidurals who had experienced excruciating pain due to delays in response to pain 
complaints. In addition, she thinks that the small laparoscopy incisions will not create a lot of 
additional pain. 
 
Questions: 
How do you manage this situation? Do you try to convince the mother that the epidural is a valuable 
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option in this case? Do you enlist the surgeon’s help in “pitching” the epidural? The surgeon is fully 
supportive of this option. In which circumstances would a child be allowed to consent to her own 
medical care? 
 
A decision is made to proceed with general anesthesia, intraoperative opiods and low dose ketamine 
and propofol infusions, postoperative hydromorphone PCA, PONV prophylaxis with scopolamine, 
dexamethasone and ondansetron. 
 
Questions: 
What are the optional strategies for comprehensive perioperative pain management for this patient? 
Discuss the risks, benefits and medical evidence of each option. 
 
Surgery is complicated by bleeding from a branch near celiac axis that cannot be adequately 
controlled laparoscopically. An emergent laparotomy is performed (incision from the xyphoid process 
to the umbilicus), and the patient is resuscitated with 1.5L lactated Ringer’s, 1L of 5% albumin and 1 
unit of packed red blood cells. The patient remains hemodynamically stable throughout the entire 
event. 
 
Questions: 
How will the conversion to laparotomy affect your pain management plan? Would you revisit the 
epidural option? How would other alternatives such as the TAP block, intrathecal morphine or 
paravertebral block compare to the thoracic epidural technique? What would be the risks and benefits 
of each modality? 
 
Upon consultation with the surgeon, you call the parents and discuss the recent turn of events. They 
agree with the placement of an epidural catheter. A set of labs sent after the bleeding event shows a 
PT/INR of 15.4/1.3 (upper normal values 14.5/1.1), and a platelet count of 184,000. 
 
Questions: 
Will the coagulation results affect your decision to place an epidural? Would you administer fresh 
frozen plasma prior to placing the epidural? Would you recheck the coagulation parameters after 
plasma infusion? Would you place the epidural while the patient is still under general anesthesia, or 
wait for the patient to wake up? If the first attempt is not successful, how many times would you try? 
What would be your first choice, a median or paramedian approach? 
 
At the end of surgery, an epidural catheter is placed at the T 6-7 level via a midline approach and 
tested with 3 mL of 1.5% lidocaine and 1:200,000 epinephrine, with no signs of intravascular injection. 
Next, a 6 mL 0.25% bupivacaine bolus is injected through the epidural catheter, and the patient is 
allowed to emerge from anesthesia. 
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Questions: 
Which local anesthetic would you choose for continuous infusion? What is your strategy for the 
administration of opioids (intravenous versus intrathecal)? What are the risks and benefits of adding 
clonidine to your continuous epidural infusion? Would you continue the intravenous ketamine infusion 
in the postoperative period? Where should the patient recover? 
 
Upon arrival to her room, the patient is awake and complaining of pain 8/10. The tested sensory level 
is T3-T11 on the left side and T5-T8 on the right side. The epidural catheter is slightly pulled back and 
re-bolused with the epidural infusion (bupivacaine 0.1% and fentanyl 5mcg/mL). The epidural infusion 
rate is increased. Despite these changes, the patient continues to experience pain, is very anxious 
and tearful. The parents demand that something be done! 
 
Questions: 
What would be your next course of action? Replace the epidural? Switch to a plain local anesthetic 
epidural infusion and administer opioids intravenously? What form of opioid administration would be 
best (patient controlled analgesia, continuous infusion, PRN administration? Would you consider 
sedating the patient? What agents would you choose? Would you consider administering ketorolac? 
 
The patient’s epidural infusion is changed to B 0.125%, and Patient controlled analgesia (PCA) with 
hydromorphone is initiated, but the patient develops severe itching, nausea, and drowsiness, while 
the pain continues to be inadequately controlled, especially after the patient wakes up from sleep. 
Occasionally, her O2 saturation drops below 90%. Her parents are very worried and distressed. 
 
Question: 
What would you do now? 
 
Over the next few days, her pain is better controlled, and the patient is eventually discharged home on 
hydrocodone/APAP 5/325 and amitriptyline. However, 6 weeks later, after a period of initial 
regression, her pain is back to the baseline (8/10). Her discomfort is similar to the preoperative period, 
but less associated with eating. She has a tender epigastrium and a negative Carnett's sign. Vascular 
ultrasound tests performed intraoperatively and at 6 weeks show normalized celiac artery velocities. 
Computer tomography angiogram is negative. 
 
Questions: 
What is causing the pain now? What does a negative Carnett's sign mean? How would you 
differentiate between functional pain, chronic postsurgical pain, and recurrent MALS? Compare and 
contrast the incidence, mechanisms, risk factors, manifestations, treatment and prognosis of these 
three conditions. 
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Model Discussion Content 
Medial Arcuate Ligament Syndrome 
MALS is caused by external compression of the celiac artery and plexus by the median arcuate 
ligament (MAL), a preaortic continuation of a portion of the diaphragm. Compression results in 
symptoms of both ischemic and sympathetic-autonomic pain. The mechanism suggested by most is 
intestinal angina caused by occlusion of the celiac axis. Alternative hypotheses include a steal 
phenomenon resulting in a watershed effect on the celiac plexus; and/or disruption of neuro-enteric 
pain pathways affecting visceral hypersensitivity mediated through the celiac ganglion, the latter 
perhaps similar to the pathogenesis of functional gastro-intestinal disorders (1). 
 
Clinical symptoms are postprandial pain, nausea and weight loss. Patients suffering from MALS 
classically exhibit chronic, difficult to control pain, frequently for years before the diagnosis is made. 
These patients are frequently hospitalized and subject to high doses of narcotics with minimal relief. 
Patients typically undergo extensive diagnostic tests before a vascular component is suspected. The 
screening test of choice is duplex ultrasound which shows increased peak velocities (>200 cm/s) in 
the celiac artery. A computed tomography or magnetic resonance angiogram confirms the diagnosis. 
A typical “hook sign” is revealed in the lateral views (2). Angiography is the best diagnostic test to 
identify the mesenteric vessels, especially the lateral views. The presence of collaterals and narrowed 
native vessels suggests a diagnosis of chronic mesenteric ischemia. The management consists in 
open or laparoscopic release of MAL, endovascular or surgical revascularization (3). 
 
Perioperative pain management in patients with chronic abdominal pain 
Higher levels of pain immediately before surgery and chronic pain are independent predictors for 
moderate to intense pain after abdominal surgery (4). Preoperative pain may induce diverse central 
neuroplastic changes which increase vulnerability for higher postoperative pain levels and 
postsurgical chronic pain complications in patients with significant preoperative pain (5). Other risk 
factors for increased postoperative pain include depression, anxiety, younger age, female gender (4). 
A comprehensive pain management approach including regional anesthesia (epidural and peripheral 
nerve blocks) and systemic multimodal analgesia (e.g. opioids, nonsteroidal anti-inflammatory drugs, 
COX2 inhibitors, ketamine, gabapentin and dexmedetomidine) is essential in protecting against 
intense postoperative pain in these patients. Multimodal analgesic techniques target pain along 
various pathways involving transduction, transmission, modulation, and perception by the central 
nervous system. It has an important role in the acute pain management and also in preventing neural 
sensitization leading to possible persistent postoperative pain. Multimodal analgesic techniques 
decrease opioid consumption, opioid-related adverse effects, postoperative pain, hospital stay, and 
increase patient satisfaction. 
 
Ketamine works primarily by the noncompetitive inhibition of NMDA receptor in CNS and spinal cord. 
It is particularly useful in opioid-tolerant patients, and those with a history of chronic pain (6). Even a 
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single perioperative sub-anesthetic dose (0.5 mg IV) can decrease postoperative pain, nausea, and 
morphine consumption for 24 h or longer (7). As part of a multimodal analgesic regimen, ketamine 
can be initiated as an infusion at 0.1-0.4 mg/kg/hour, following a 0.4 mg bolus (8). Low-dose infusions 
of ketamine during the perioperative period cause opioid sparing, and decreases hyperalgesia and 
tolerance, without an increase in side effects. Postoperative ketamine administration has been shown 
to decrease morphine consumption in major abdominal surgery (9). 
 
Gabapentin and pregabalin have been used in clinical practice for the treatment of neuropathic pain 
and more recently to treat perioperative pain. They act as membrane stabilizers and reduce neuronal 
hyper-excitability. In a met-analysis of randomized trials, Dahl showed a significant reduction of 
postoperative morphine requirements with gabapentinoids agents (10). Gabapentin was also shown 
to decrease the hemodynamic response to laryngoscopy and endotracheal intubation, reduce the 
occurrence of postoperative nausea and vomiting (PONV) and postoperative delirium (11). 
 
Acetaminophen centrally inhibits prostaglandins via the COX pathway, reinforces the descending 
serotoninergic pathways, triggers indirect activation of cannabinoid receptors and inhibits nitric oxide 
pathways, and can be administered via oral, per rectum and intravenous routes. The combination of 
acetaminophen and opioids reduces pain, sedation and PONV (12). 
 
Dexmedetomidine and clonidine are alpha-2 agonists with analgesic and opioid-sparing effects. As 
an additive to epidural solutions, clonidine increased the quality of analgesia and prolonged its 
duration (13). Epidural infusion of clonidine alone or in combination with ropivacaine has been used 
for postoperative analgesia in children undergoing major abdominal surgery (14). Cucchiaro found 
that replacing epidural fentanyl with clonidine resulted in comparable analgesia, but fewer side effects 
(15). Limiting side effects include hypotension, bradycardia, and sedation. Intravenously administered 
dexmedetomidine significantly reduces the need for morphine (16). 
 
Intravenous NSAIDs or COX-2 inhibitors have an opioid sparing effect and shorten the duration of 
bowel immobility. Ketorolac is contraindicated in renal insufficiency. ASRA guidelines state that there 
is grade 1-A evidence (strong evidence) that NSAIDs alone add no significant risk for the 
development of spinal hematoma in patients undergoing neuraxial blocks (17). 
 
Intravenous PCA with opioids provides effective pain management. School-age children can be 
instructed to safely and efficiently control IV PCA. Surrogate control of PCA by parents or nurses may 
increase the risk of respiratory depression. A basal infusion rate may be used to replace a patient's 
baseline opioid requirement in patients who are on chronic opioids. Hydromorphone induces less 
itching and nausea compared to morphine. 
 
Epidural analgesia is known to provide significant pain relief with improved gastrointestinal function 
after laparotomy. However, data is inconclusive with regard to epidural analgesia with a laparoscopic 



 
 

 

Problem-Based Learning Discussions (PBLD) Anesthesiology 2015 © American Society of Anesthesiologists. All rights reserved. Note: 

This publication contains material copyrighted by others. Individual PBLD sessions are reprinted by ASA with permission. Reprinting or 

using individual PBLDs contained herein is strictly prohibited without permission from the authors/copyright holders. 

Page 6 

 

approach. In contrast to epidural management, intrathecal morphine has been shown to be an option 
to reduce both pain scores and opioid requirements after laparoscopic abdominal surgery; however 
the reduction in pain scores is observed only early in the postoperative period when compared IV-
PCA (18). Intrathecal opioids increase the risk of pruritus, nausea and vomiting and respiratory 
depression. 
 
Lack of parental or patient consent and infection at the insertion site represent absolute 
contraindications for using epidural analgesia. Coagulopathy, anatomic anomalies and hypovolemia 
represent relative contraindications. Usually epidural analgesia is avoided in patients who have an 
ongoing coagulopathy. However, data suggest a relatively low complication rate in performing lumbar 
punctures in cancer patients with mild thrombocytopenia. Epidural analgesia may be performed in 
select cases with infusion of platelets, fresh frozen plasma, or other blood products, in situations in 
which the benefits outweigh the risks. The current ASRA guidelines recommend an INR value of ≤1.4 
as acceptable for the performance of neuraxial blocks (17). The value was based on studies that 
showed excellent perioperative hemostasis when the INR value was ≤1.5. The concurrent use of 
other medications, such as aspirin, NSAIDs, and heparin that affect the clotting mechanism, increases 
the risk of bleeding complications without affecting the INR. 
 
There has been an intense debate on the safety of performing regional anesthesia in anesthetized 
children. The consensus of pediatric anesthesiologists is that there is a long record of safety in 
performing regional blocks in anesthetized children. It may be actually safer to perform these blocks in 
an anesthetized child rather than a struggling child (19). There is more controversy over direct needle 
placement of thoracic epidurals in anesthetized children, particularly in infants. 
 
Thoracic paravertebral block, as a single shot or continuous infusion provides equal or superior 
analgesia for abdominal surgery compared to thoracic epidural analgesia via a direct somatic nerve, 
sympathetic nerve, and epidural blockade. In contrast, the transversus abdominis plane (TAP) 
block provides only analgesia to the abdominal wall (incisional), and fails to address the visceral 
component of pain. 
 
The diagnostic and treatment of postsurgical abdominal pain may be challenging. In this patient, 
the differential diagnosis consists in recurrent MALS-related pain, chronic post-surgical pain and 
functional pain. The patient's pain is similar to her previous pain, but there is a minimal postprandial 
component, which argues against the diagnosis of recurrent MALS. The patient risk factors (young, 
anxious female with preexisting abdominal pain, and less than optimal postoperative pain 
management initially) increase the likelihood of postoperative surgical pain. However, she did not 
localize to the abdominal wall on physical exam, and had a negative Carnett's sign which indicates 
that the source of pain is likely visceral; Carnett's sign is a finding on clinical examination in which 
abdominal pain increases when the muscles of the abdominal wall are tensed. To further delineate 
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the etiology of pain, a celiac plexus block (to assess the visceral pain component), and a TAP block 
(to assess the abdominal wall pain component) would prove helpful. 
 
Recurrent MALS-related pain 
Surgical interventions for the management of MALS have a rate of efficacy around 85%. The rates of 
recurrent pain cited in the literature are between 0 and 50%, but usually less than 10% (3). Possible 
etiologies of recurrent pain in this context are an incomplete release of the MAL, the presence of fixed 
residual stenoses not relieved by external decompression, the persistence of a component of nerve 
compression that was inadequately released at the time of surgery, and the presence of chronic 
functional abdominal pain concomitant with the MALS (1). Patients with persistent symptoms in the 
postoperative period, primarily from incomplete ganglionectomy, may benefit form celiac plexus block. 
A combination of local anesthetic and corticosteroids may relieve pain through anti-inflammatory 
properties and direct blockade of the sympathetic nerve terminal. In addition, performed 
preoperatively, pain relief in response to the local anesthetic may provide information on the results of 
decompressive surgery. Potential management options in patient with MALS-related pain not 
amenable to surgical intervention include neurolytic celiac plexus block (20), and spinal cord 
stimulator (21). 
 
Persistent postsurgical pain 
Persistent postsurgical pain is informally defined as persistence of pain more than 2 months after 
surgery without other explanation. The incidence varies from 10-50% depending on the operation 
(thoracotomy 29%, thyroid surgery 28%, mastectomy 19%, herniorrhaphy 6%). Hypothetical 
mechanisms are ongoing inflammation, nerve injury/neuropathic pain, and a genetic predisposition. 
The risk factors associated with postsurgical pain are severity of preexisting pain, female gender, 
young age, psychological factors, especially anxiety and catastrophizing, and genetic predisposition 
(22). Prevention is paramount in the management of postoperative pain. Clarke suggested the use of 
perioperative membrane stabilizers such as pregabalin 300 mg preoperatively and then twice a day 
for 14 days, and gabapentin 1200 mg preoperatively and postoperatively (23). In addition adequate 
acute pain control with multimodal strategies (appropriately dosed preoperative diploids, NSAIDS, 
local and regional analgesia) is beneficial. 
 
Functional abdominal pain 
Functional abdominal pain (FAP) is the most common type of chronic abdominal pain. Patients with 
FAP do not demonstrable evidence of an underlying anatomic, metabolic, infectious, inflammatory or 
neoplastic disorder. FAP is part of the functional gastrointestinal disorders (FGID), which also include 
functional dyspepsia, abdominal migraine, and irritable bowel syndrome. The pain is continuous or 
nearly continuous, with no or only occasional relationship with physiological events (e.g. eating, 
defecation), is not feigned, and involves some loss of daily functioning over a period of at least 6 
months (Rome III criteria). The pathophysiology of FGID is thought to involve abnormalities in the 
enteric nervous system, leading to altered bowel motility, and visceral hypersensitivity. It occurs 



 
 

 

Problem-Based Learning Discussions (PBLD) Anesthesiology 2015 © American Society of Anesthesiologists. All rights reserved. Note: 

This publication contains material copyrighted by others. Individual PBLD sessions are reprinted by ASA with permission. Reprinting or 

using individual PBLDs contained herein is strictly prohibited without permission from the authors/copyright holders. 

Page 8 

 

especially in young women, and is commonly associated with psychological comorbidities. The 
diagnosis is one of exclusion. Therapy is largely supportive, includes prokinetic and antispasmodic 
agents, antibiotics and antidepressants, cognitive behavioral therapy, biofeedback and relaxation (24). 
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