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Stem Case and Key Questions Content 
A 23-year-old male is referred to the pain clinic for evaluation of diffuse abdominal pain.  He has a 
history significant for metastatic colon CA that has become unresponsive to therapy, and is no longer 
operable.  He has recently chosen to only have palliative treatment and is on home hospice.  His 
oncologist and palliative care doctor ask for him to be seen as soon as possible. 
 
What treatment is best indicated for this patient? What medications would you choose? Are 
pain procedures a part of the palliation? With the patient on hospice, should we exclude any 
therapies? Upon examining the patient in outpatient consultation, it is noted that his pain is currently 
controlled with a home Patient Controlled Analgesia (PCA) of hydromorphone 4mg/hour continuous 
and boluses of 1.8mg Q 15 minutes as needed, which he uses 1-2 times per hour. However, he 
suffers from severe nausea, unresponsive to ondansetron, and constipation, as he has not passed 
stool or flatus for months. Because of this he gets all of his nutrition via TPN. 
 
What interventional approaches to this patient’s pain can be offered? Are nausea and 
constipation side effects that warrant interventional therapy? What else can we do? You 
discuss with the patient the option of a celiac plexus block. Due to concern about his ability to tolerate 
the procedure, you have the patient lay on the procedure table to see if he would be able to remain 
comfortable for 20-30 minutes.  He has a lot of abdominal pain within minutes of lying in the prone 
position. You note that there are multiple tubes and bags peering from his shirt and he explains that 
he has a venting gastric tube and nephrostomy tubes due to the size of his tumor. 
 
 
Can the patient be positioned other than prone for a celiac plexus block? Are the nephrostomy 
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tubes going to impede the needle placement or potentially contaminate the procedure?  Is it 
OK to do this patient in an outpatient, office-based facility?  Do the potential gastrointestinal 
side effects of sympathetic blockade with this degree of tumor burden raise concern? 
 
Because of the pain he had while lying on the table, he refuses any intervention. In the few days after 
his consultation, he is admitted to the hospital with worsening abdominal pain and nausea. His 
hydromorphone PCA is now at 6mg/hour with 3mg boluses Q15 minutes. He is visibly uncomfortable 
and upset and states his goals of being home so he can spend time with his friends and family. You 
discuss intrathecal drug delivery systems with the patient and his mother and they agree to proceed. 
 
Would you trial neuraxial opioids prior to pump implantation? What would be the best option 
for trial: a continuous intrathecal catheter, a single shot spinal, or a continuous epidural 
catheter? Would you do this at the bedside? Is there any special monitoring the patient may 
need with neuraxial opioids? Can the patient stay on the heme/onc floor? 
 
You proceed with placement of a percutaneous spinal catheter and slowly escalate the dose from 
1mg/hour to 3mg/hour of morphine intrathecally. He reports a drop in his VAS from 9/10 to a 4/10 and 
his nausea is somewhat improved. He asks if he can be discharged home now. You again explain 
that this catheter is only temporary and that he will have to have surgery to have the pump implanted. 
He becomes tearful and anxious, stating that he is DNR and refuses to have general anesthesia. 
 
Can we provide long-term IT medication without the implantation of a pump? Can we implant a 
pump under a MAC? What about a spinal anesthetic? Is it OK not to reverse a DNR order for 
the peri-operative period? With his current level of nausea, don’t we need an endotracheal 
tube to protect the airway? 
 
The anesthesiologist for the case refuses to do a heavy MAC on a patient with obstruction and active 
nausea. They are concerned for aspiration, especially since they would not be able to intubate the 
trachea in case of emergency. They also do not want to perform the spinal as the procedure itself is 
neuraxial and they don’t want responsibility if there is a complication with the pump. After aseptic 
preparation, you perform a spinal anesthetic with 12.5 mg bupivacaine and the patient receives a 
sensory blockade level to T4. 
 
With a patient that has been receiving high dose IT opioids for the days leading to 
implantation, are there any anesthetic concerns regarding pain control? Is the spinal 
anesthetic enough? Is the patient at risk of withdrawal? Should we consider a continuous 
opioid infusion or any other medication? 
 
The implantation of the intrathecal drug delivery system goes without adverse event and the pump is 
bolused and then started in the operating room at 4mg/hour of morphine. The patient is taken to the 
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recovery bay, but as the spinal resolves, he is screaming in pain. He is given IV fentanyl and IV 
dilaudid boluses to no avail. The pump is bolused again and the rate is increased. His abdominal pain 
only seems to be worsening. 
 
If the patient was comfortable prior to the procedure with the percutaneous delivery of IT 
morphine, are there concerns that he is not responding to IT and IV opioid boluses? Are there 
any studies that should be done while he is in the recovery room? Is there concern for opioid 
induced hyperalgesia? Could this be opioid tolerance? Could he be suffering from 
withdrawal? What other therapies could we use for this acute pain? 
 
An ultrasound of the abdomen is done that does not reveal fluid or any other acute pathology. The 
patient is started on a ketamine infusion and the IT morphine rate is bolused and increased every 60-
120 minutes. After 12 hours in the intensive care unit, the patient is now comfortable and sleeping. 
The ketamine infusion is slowly tapered off and he remains with very little discomfort, now on 
7mg/hour of IT morphine. He is transferred back to the oncology floor. He notes pain relief of his 
typical abdominal pain, but anytime he tries to move his legs or arms, he feels like they start jumping 
out of control. He is unable to stand or walk. His mother insists that the pump be removed 
immediately. 
 
Could the patient have neurologic injury from the placement of the catheter? Is this just a side 
effect of the medication? Is myoclonus more common with certain opioids? Is myoclonus 
common with intrathecal opioids? What is the best treatment option for this patient?  
 
The morphine is removed from the pump reservoir and replaced with hydromorphone. The myoclonus 
resolves within hours. After two days, the patient is discharged home in good condition with pain 
control, and no nausea. 
 
 
Model Discussion Content 
Introduction 
Among one of the most feared and anxiety-provoking diagnoses, cancer imparts a significant toll on 
patients, their families, communities, and the worldwide healthcare system. Cancers are among the 
leading causes of morbidity and mortality worldwide. In 2014, 627,900 people died in the Unites 
States from cancer-related causes, accounting for nearly 25% of all deaths1. The number of new 
cases is expected to rise by about 70% over the next 20 years2. About two thirds of patients with 
advanced cancer experience pain3. 
 
The World Health Organization (WHO) developed the three-step Analgesic Treatment Ladder1 in 
1986 to provide recommendations for analgesic medication selection in the treatment of cancer pain. 
The three steps of the ladder are: 1) non-opioid analgesics, 2) weak opioids, and 3) strong opioids. 
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With this approach, most patients with advanced cancer are classified on the top rung regardless of 
level of strong opioid use4. However, with longer survival and increasing disease complexity, providing 
relief of cancer pain toward the end of life requires a more comprehensive model of management. A 
multimodal approach that accounts for the neurophysiology of cancer pain while minimizing adverse 
effects is indicated.5 

 
Celiac plexus block 
Visceral pain from the upper abdominal organs is conducted via the splanchnic nerves. The 
splanchnic nerves originate from the T5 to T11 spinal segments with occasional contribution of T4 and 
T12. Afferent fibers from the all the abdominal viscera except the descending colon, sigmoid colon, 
rectum, and pelvic viscera travel along the splanchnic nerves through the celiac plexus, located over 
the L1 vertebral body with spread from the lower border of T12 to the upper border of the L2 
vertebrae.6 

 
In 1993, Mercadente demonstrated that celiac plexus block made pain control possible with a 
reduction in opioid consumption and side effects compared to traditional treatment for patients with 
pancreatic cancer7. Twenty years later, Nagels et al. published a systematic review confirming these 
findings for patients with upper abdominal cancers6. A surprisingly large variety of techniques to 
perform celiac plexus blockade have been published in the literature, including retrocrural, antecrural, 
transcrural, transdiscal, and transaortic approaches. Percutaneous, surgical, and endoscopic 
techniques may be used. Imaging may be via fluoroscopy, computerized tomography (CT), 
ultrasound, or even magnetic resonance imaging (MRI). A single or two-needle technique may be 
employed. Percutaneous celiac plexus neurolysis (CPN) can be performed via a posterior or anterior 
approach8, giving the option of both the prone or supine positioning. It is unclear which percutaneous 
technique produces the best results7. The anterior approach via CT-guidance or under ultrasound 
guidance allows for the block to be performed in patients unable to tolerate the prone position but 
carries the additional risk of injury or perforation to the stomach, intestine, pancreas, or liver9. 
Ultrasound makes it possible to perform the procedure at the patient’s bedside10. The most commonly 
described technique in the literature is via a posterior percutaneous approach with fluoroscopic 
guidance7. Classic descriptions of CPN suggest the tips of the needles need to be at the upper border 
of L1 or the junction of T12 and L1 vertebral bodies. CPN is usually performed with either 6% to 10% 
phenol or 50% to 100% alcohol after diagnostic local anesthetic blockade, which may be performed 
on a separate day or in two stages on the same day without altering needle placement10. While it 
seems reasonable that the outcome of the procedure may depend on the imaging used, the volume 
and concentration of neurolytic agent, and the location of the cancer, none of these factors has been 
shown to be useful in predicting procedure effect. The main side effects of CPN are diarrhea, 
hypotension, and back pain, though these are almost always transient. The incidence of constipation, 
nausea, and vomiting is significantly lower in patients treated with CPN than systemic analgesic 
therapy. 
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Serious complications from CPN include pneumothorax, retroperitoneal hematoma, and paraplegia, 
though these are exceedingly rare7. Because of the hypotension that results from the sympathetic 
blockade, the block must be done in a facility in which the patient can be resuscitated if necessary. 
They are commonly performed in both inpatient and outpatient settings, but an IV should be placed 
pre-procedure and fluids and vasopressors should be readily available. 
 
Intrathecal Drug Delivery Systems (IDDSs) 
Intrathecal drug delivery systems deliver a combination of opioids, local anesthetics, and other 
available analgesics directly to the spinal fluid. Because smaller doses are needed to achieve pain 
control, the serious side effects of opioids including sedation, clouded thinking, delirium, constipation 
and fatigue can be lessened or even avoided. Pain occurs in close to 70% of patients with metastatic 
cancer and is the most prevalent symptom of patients presenting to palliative care programs11. While 
the majority of these patients have their pain well controlled by traditional analgesics, 5-15% will 
require advanced techniques including nerve blocks or IDDSs8. Intrathecal (IT) infusions of analgesic 
medications for chronic refractory pain have been in use since the 1970-80s after researchers 
identified the peptide substance P in small dorsal root ganglia cells and observed that morphine could 
block substance P release from C fibers, producing selective analgesia12. Since then, there has been 
an increase in the use of IT therapy to treat chronic intractable pain. However, while it can be 
beneficial to many patients, it is associated with high costs, high maintenance, and risks, all which 
require careful patient selection. 
 
Methods of IT drug delivery: There are three methods of intrathecal drug delivery. 
1. Externalized system: An external intrathecal catheter is commonly used for hours to days for the 
trial of IT opioids for pain. They have also been successfully used for weeks to months for patients 
who are terminally ill and/or have contraindication to permanent implantation. One of the largest 
concerns is the risk of local infection and the possible spread of this to the spinal space. The US Food 
and Drug Administration (FDA) has not approved externalized IT catheters, so most commonly, an 
epidural or lumbar drain catheter will be used. 
 
2. Partially externalized systems: In this setting, the IT catheter is tunneled and connected to a 
subcutaneous port. Just as with venous ports, a needle is then used to access the port 
percutaneously and the medication is delivered through an external pump. This is not typically used 
for long-term and continuous delivery of IT medications. 
 
3. Implanted IT infusion pumps: In this system, both the catheter and the pump are completely 
internalized by surgical implantation. It consists of a small, battery-powered pump that is typically 
implanted under the skin of the abdomen and connected to a small catheter tunneled to the site of 
spinal entry. These carry a much lower risk of infection and can be used for long-term drug delivery. 
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They are also more expensive and require a more invasive surgical procedure compared to the other 
options. 
 
Patient Selection: IDDSs are reserved for treating severe and refractory pain in both patients with 
cancer related pain and those with noncancerous pain who have failed more conservative therapies. 
Because of the invasive nature of the procedure as well as the cost associated, careful evaluation to 
determine whether each patient will benefit is necessary. This should include evaluation of the pain 
generating pathology, psychosocial issues, patient compliance, health care coverage, and anatomical 
and technical considerations12. While we cannot always predict life expectancy, this should also be a 
part of the assessment. In patients with life expectancy of 2-3 months, the percutaneous catheters 
may be more appropriate. When life expectancy is greater than 3-6 months, the implanted pump is 
generally recommended. 
 
Trialing: Patient responses to trials of neuraxial analgesics are typically assessed to determine 
whether pump implantation should proceed and to satisfy requirements for reimbursements defined 
by insurance companies and Medicare. Despite the long-standing use of IT and epidural trials prior to 
pump implantation, the most effective method of trialing remains undetermined13. There are three 
different techniques for trials: single shot trials, continuous epidural infusion, and continuous IT 
infusion. Because the literature on trialing is limited, the Polyanalgesic Consensus Conference 
(PACC) made recommendations on appropriate trialing protocols13. They conclude that both epidural 
and IT sites as well as both bolus or continuous infusion trialing are viable trialing techniques. The 
selection of trialing method is made largely on physician preference as well as available resources. 
The continuous infusions require an inpatient setting as well as nursing staff that are comfortable with 
the treatment. The single shot trials can be done in the hospital, but in outpatient facilities as well. 
The advantage of an epidural infusion trial versus an IT infusion trial is simplicity of catheter 
placement and much lower risk of postdural puncture headache (PDPH). PDPH during a trial may 
impair the patient’s ability to determine efficacy of the trial due to distraction. Some believe an IT trial 
more closely mimics the permanent implant conditions (although the rate of infusion and 
concentrations are different due to the difference in abilities of the internal versus external pumps). 
This assumption cannot be supported by the current controlled data or existing literature13. The 
primary advantages of bolus trials are the convenience, reduced cost, and safety. When compared to 
continuous infusions, they may be less informative in representing the long-term effects of IT opioids 
because of the short duration of effect of most of these medications13. There may also be a lack of 
appropriate time to adequately assess the functional improvement in the patient. 
 
Anesthesia for pump implantation: The implantations can be done under local with monitored 
anesthesia care (MAC), spinal anesthesia, or general anesthesia. General anesthesia may be better 
tolerated and comfortable to a patient with severe pain. However, there could be inadvertent 
neurologic injury with the placement of the needle or catheter that would go undetected. The catheter 
can also be placed under local anesthesia followed by local infiltration or the injection of spinal 
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anesthetic for the catheter anchoring, tunneling and pump placement. This allows for communication 
with the patient during the catheter placement to minimize the risk of neurologic injury. Because the 
catheter is inserted in the spine and the pump in the abdomen, the positioning required is either the 
lateral decubitus or prone followed by supine. Most practitioners chose the lateral decubitus to avoid 
changing positions midway and risking potential contamination of the surgical field. 
 
Complications: The implantation of an IDDS puts the patient at risk for complications similar to other 
surgical procedures including bleeding, infection, and mild to severe neurologic injury. Other 
complications that can arise are CSF leaks, migration of the catheter, seroma formation and 
granuloma formation at the catheter tip. 
 
Do Not Resuscitate (DNR) Orders in the Perioperative Setting 
Cardiopulmonary resuscitation (CPR) can prevent premature death. In some cases, it can also 
prolong inevitable death and extend patient and family suffering. In the early 1980’s, CPR became a 
medical intervention that had implicit consent, thereby requiring an order to withhold resuscitation14. It 
was not until 1991, with the Patient Self-Determination Act, that hospitals receiving Medicare funds 
were required to provide adult patients with information about advanced health care directives upon 
their admission to a healthcare facility15. 
 
It is reported that up to 15% of patients undergoing surgery have pre-existing DNR orders on record16. 
In some cases, this can cause confusion and uncertainty in the care of the patient. Anesthesiologists 
routinely use practices and interventions that may be viewed as resuscitation in other settings, leading 
to questions of whether ordinary or extraordinary anesthetic care was given. In addition, differentiating 
and intraoperative cardiac arrest that results from the patient’s ongoing comorbidities versus surgical 
or anesthetic iatrogenesis can be impossible. 
 
In 1993 and 1994, the American Society of Anesthesiologists (ASA) and the American College of 
Surgeons published guidelines that suggested the re-evaluation of DNR orders prior to the patient 
going to the operating room17. The ASA House of Delegates approved the first edition of the “Ethical 
Guidelines for the Anesthesia Care of Patients With Do-Not-Resuscitate Orders or Other Directives 
That Limit Treatment” on October 13, 1993. This was a procedure-directed order that listed a number 
of common therapies that the patient chose with the guidance of the operative team17. A year later, 
Clemency et al. compared the perspectives of anesthesiologists, internists and surgeons of DNR 
orders in the perioperative period. They found that 60% of the responding anesthesiologists would 
assume DNR suspension in the perioperative period and were less likely than their colleagues to 
discuss the implications of their DNR order during anesthesia and surgery18. 
 
The ASA modified its DNR guidelines to include a goal-directed approach to the perioperative DNR 
orders in the late 1990’s. In practice, patients who chose to retain their DNR orders were requesting 
“resuscitative efforts during surgery and in the postoperative care unit only if the adverse events are 
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believed to be both temporary and reversible, in the clinical judgment of the attending 
anesthesiologists and surgeons17.” In addition, withdrawal of care could be done in the postoperative 
period if the current clinical course did not match or achieve the patient’s desired goals. This gave 
practitioners the ability to treat through the uncertainty of “temporary” events, resuscitate 
appropriately, and then determine later if the continuation of care is appropriate. 
 
Eighteen years after the Clemency et al. findings, with changes in the guidelines and education of 
practitioners, and the adoption of hospital policies, Burkle et al. found that the anesthesiologists were 
the least likely to automatically suspend a DNR order in a survey of patients, anesthesiologists, 
internists, and surgeons14. They found that 38% of surgeons and 34% of internists believed that a 
perioperative DNR should be suspended in contrast to only 18% of anesthesiologists. These findings 
suggest a change in practice since the initial publications of guidelines by the ASA in 1993. 
The ASA’s ethical guidelines have last been amended in 2013. It provides useful modifications based 
on the preference of the patient as an alternative to automatically suspending DNR orders. They are 
as follows19: 
 
A. Full Attempt at Resuscitation: The patient or designated surrogate may request the full suspension 
of existing directives during the anesthetic and immediate postoperative period, thereby consenting to 
the use of any resuscitation procedures that may be appropriate to treat clinical events that occur 
during this time. 
 
B. Limited Attempt at Resuscitation Defined With Regard to Specific Procedures: The patient or 
designated surrogate may elect to continue to refuse certain specific resuscitation procedures. The 
anesthesiologist should inform the patient or designated surrogate about which procedures are 1) 
essential to the success of the anesthesia and the proposed procedure, and 2) which procedures are 
not essential and may be refused. 
 
C. Limited Attempt at Resuscitation Defined With Regard to the Patient’s Goals and Values: The 
patient or designated surrogate may allow the anesthesiologist and surgical/procedural team to use 
clinical judgment in determining which resuscitation procedures are appropriate in the context of the 
situation and the patient’s stated goals and values. 
 
Opioid Induced Hyperalgesia in the Perioperative Setting 
Opioid induced hyperalgesia (OIH) is defined as a state of nociceptive sensitization caused by 
exposure to opioids. In such cases, when opioids are given with the intention of eliminating pain, there 
can be an unexpectedly heightened sensation of pain, caused by a lowering of the pain threshold. 
Because most patients with OIH in the perioperative period have a history of chronic opioid use, it 
may be mistaken for tolerance. However, they are different phenomena: increasing opioid dose 
aggravates OIH whereas in tolerance, it does not. OIH is characterized by increased pain sensitivity 
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and involves sensitization of the pronociceptive pathways while tolerance is characterized by a loss of 
drug potency, likely by desensitization of the antinociceptive pathways to opioids20. 
 
Multiple mechanisms for OIH have been proposed and have been attributed to the central 
glutaminergic system, spinal dynorphins, and descending facilitation, all of which may play a role in 
producing a pronociceptive state21. Mao et al. proposed that an increase in responsiveness of the N-
Methyl-D-aspartate (NMDA) receptors contribute to the development of OIH, supported by a finding 
that an NMDA antagonist prevented the development of OIH in rats22. Consequently, clinical work in 
preventing OIH has primarily focused on manipulaton of the glutaminergic sytem, either through direct 
or indirect modulation of the NMDA receptor23. 
 
In the case of rapid opioid dose escalation and continued pain, the development of hyperalgesia 
should be suspected and alternative therapies should be considered including NMDA receptor 
antagonists, cyclooxygenase (COX) inhibitors, and alpha 2-receptor agonists20. Ketamine has been 
shown to be greatly beneficial in patients who require large amounts of opioids or exhibit some degree 
of opioid tolerance23. There is some evidence to show that the perioperative administration of low 
dose ketamine (0.2mg/kg/hr) might modulate the expression of OIH and that it reduces postoperative 
wound hyperalgesia24. 
 
Methadone has also been shown to have weak NMDA receptor antagonism and has also been 
effective in reducing high-dose OIH. However, it has multiple disadvantages with a complex 
conversion, extended half-life, and Q-T prolongation. It may not be as easily usable in the 
postoperative setting for this patient as compared to ketamine. 
 
Prostaglandins can stimulate glutamate release in the spinal cord resulting in activation of NMDA 
receptors. Therefore, COX inhibitors would antagonize this NMDA activation and further inhibit OIH20. 
They have been shown to attenuate the development of opioid tolerance in animals23. The use of 
ketorolac or celecoxib could be beneficial for decreasing opioid requirement as well as OIH. 
The alpha 2-receptor agonists have also been examined in modulating OIH. Koppert et al showed that 
in healthy volunteers, clonidine administered with a remifentanil infusion abolished opioid-induced 
post-infusion secondary hyperalgesia25. The data does suggest that clonidine could have a potential 
role for OIH modulation. 
 
While there are several options when confronted with the lack of opioid efficacy and the diagnosis of 
OIH is made, the treatment can be quite time-consuming and costly. In many institutions, the use of a 
ketamine infusion requires a high level of monitoring in a post anesthesia care unit (PACU) or 
intensive care unit (ICU). The use of other adjuvant drugs as described above may be useful in 
reducing the need for opioid escalation and minimizing the opioid dosage, thereby treating opioid 
induced hyperalgesia. 
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Other side effects of opioids: myoclonus 
The anesthesiologist always has to consider the side effects of opioids including sedation, respiratory 
depression, pruritis, nausea, vomiting, constipation and delirium. In cancer patients, these side effects 
can limit opioid dosage and reduce quality of life. Not as commonly seen in the perioperative period, is 
myoclonus. Myoclonus is an occasional side effect that can be precipitated by any opioid analgesic, 
although the mechanism is not well characterized. Myoclonus is often mild and self-limited, but 
symptoms can range from mild twitching to generalized spasms. Toxicity from morphine is likely 
attributable to its metabolites, morphine-6-glucoronide (MG6) and morphine-3- glucoronide (M3G). 
The side effects of morphine may be exacerbated in those with chronic renal disease as they are not 
able to clear the metabolites as readily. Myoclonus often resolves spontaneously with reduction in 
opioid dose, rotation to a different opioid, or an addition of an adjuvant analgesic. When myoclonus 
persists despite these changes, treatment with benzodiazepines and muscle relaxants are 
recommended26. 
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