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Abstract

Thoracic surgery is known to cause severe pain that may not subside during
the course of hospitalization. Early pain control is important in these patients
because it improves ventilation and promotes mobility. Lung transplant reci-
pients can experience post-operative complications that lead to extended
hospital stays. This increases the time a patient is sedentary, which further
deconditions patients; therefore, rehabilitation should be initiated early
post-operatively. We present a unique case of a critically ill double lung
transplant recipient whose rehabilitation post-operatively was hindered by
severe vasopressor-induced ischemic pain. Due to debilitating pain, he was
unable to regain mobility. His pain management course was challenging due
to sensitivity to opioids, renal failure, and anticoagulation.
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1. Introduction

Bilateral lung transplant recipients receive bilateral thoracosternotomy (clam-
shell) incisions that are associated with severe pain. Some patients report conti-
nuous pain months to years post-operatively that limits their mobility [1] [2].
Early pain control is important in these patients because it can improve ventila-
tion and promotes mobility. Post-transplant, patients can have complications
such as massive blood loss, infection, ventilator dependence, and organ rejection
that lead to extended hospital stays. Prolonged hospitalization increases the time
a patient is sedentary and further deconditions patients; therefore, rehabilitation

should be initiated early post-operatively. Early physical therapy and mobility
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post-operatively can lead to improved quality of life and physical function [3]
[4].

Pain can hinder a patient’s mobility and recovery. In critically ill patients on
vasopressors, ischemic skin necrosis can be an unfortunate complication. The
poor tissue perfusion and bullous skin changes can cause unbearable, constant
pain that is usually burning in nature. It can lead to devastating functional con-
sequences, especially in the limbs. When surgical interventions such as debride-
ment, amputation, and/or revascularization are not indicated, the main goal is
treating the symptoms through pain management. Common ways to treat
ischemic pain include targeting different pain receptors pharmacologically and
with nerve blocks. We present a unique case of complex pain management in a
critically ill lung transplant recipient who was sensitive to opioids, had renal
failure, and was on anticoagulation. His significant pain limited his recovery
post-operatively, and our inpatient pain management service played an integral

role in his recovery.

2. Case Overview

The inpatient pain management service was consulted for a 64-year-old male
with significant bilateral lower extremity ischemic pain. Our patient had a his-
tory of pulmonary fibrosis and had received a bilateral lung transplant a few
weeks prior. His post-operative hospital course was complicated by mechanical
ventilation and extracorporeal membrane oxygenation (ECMO) for worsening
hypoxia, continuous renal replacement therapy (CRRT) and eventually hemo-
dialysis (HD) for acute renal failure, and multiple vasopressors for hemodynam-
ic instability. Unfortunately, he eventually developed ischemia of his bilateral
toes and part of his feet (Figure 1 & Figure 2). No surgical intervention for de-
bridement or amputation was indicated.

Initially, the intensive care unit (ICU) team attempted managing his pain.
However, there were significant limitations due to his critical status. He was un-
able to tolerate opioid medications because of significant ileus leading to sepsis,
encephalopathy, and extreme somnolence. Our patient also had hemodynamic
instability that precluded the use of medications such as dexmedetomidine and
intravenous lidocaine. Podiatry had recommended topical therapies; however,
due to the high risk of infection, the therapies were contraindicated. Prior to
consultation with the inpatient pain management service, the patient’s pain was
being managed with a ketamine infusion and acetaminophen (Please refer to
Figure 3 for ICU course by post-operative day). Given his waxing and waning
mental status on this regimen, the patient was also being monitored in the ICU
while on ketamine.

Given the significant limitations of the patient’s recovery secondary to pain
control, the ICU team consulted the inpatient pain management service to assist
with optimizing care. Our in house pain management team assessed the patient

and worked with the ICU to implement a thoughtful multimodal pain regimen
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Figure 1. Severe cyanosis of the right forefoot spanning the digits to the metatarsal heads on the plantar (a) and dorsal (b) aspects
of the foot. Fluid-filled bullae on the dorsum of the forefoot.
A\

Figure 2. Severe cyanosis of the left forefoot and midfoot extending over the left ankle plantar (a) and dorsal (b) aspects of the
foot. Fluid-filled bullae on distal, lateral foot.
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Figure 3. ICU Course by post-operative day. Events in the ICU are shown in red with arrows. Continuous pharmacological
treatment is depicted with boxes spanning the post-operative days our patient received this pharmacological treatment. The
brackets indicate the dosing administered. Regional anesthesia is shown in green with an asterisk (*), which indicates the
post-operative day. Our patient’s reported pain score is shown in purple on a scale of 0 through 10. Initially, he was sedated and/or
too somnolent to participate in reporting his pain level.
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as described below.

For pain control, he was initially started on infusions of fentanyl at 25 mcg/hr,
ketamine at 0.67 mg/kg/min, and naloxone at 0.25 mcg/kg/hr (for opioid-induced
ileus per hospital protocol). Higher doses of fentanyl made him very somnolent
and caused altered mental status. These pharmacologic treatments provided mi-
nimal analgesia for our patient. At the same time, he was on a heparin infusion
due to multiple deep vein thrombosis (DVTs), which limited the procedural
blocks we could offer. We considered neuraxial blockade, but given his need for
a heparin infusion, we opted to not pursue this route. Bilateral ankle blocks with
bupivacaine 0.25% were provided; however, they gave him only 5 hours of pain
relief. Although short lived, this did provide the patient with a full night’s sleep,
and afterwards, he had a significant improvement in his mental status. Two days
later, popliteal blocks were administered which temporarily reduced his pain
(Please see Figure 3 for patient’s reported pain score by post-operative day). The
decision was made to temporarily hold his heparin infusion for 6 hours for bilateral
popliteal nerve block catheter. The catheter could only be threaded on the left side,
so he received 0.25% bupivacaine, which was started at 4 cc/hour and weaned down
over the course of five days. He received a single shot popliteal block on his right leg.
These nerve blocks along with infusions of fentanyl, which was reduced to 15
mcg/hr, ketamine at 0.67 mg/kg/min, naloxone at 0.25 mcg/kg/hr, and gabapen-
tin 200 mg solution significantly reduced our patient’s pain level. Due to his ren-
al dysfunction, gabapentin dosing and administration was carefully coordinated
with the nephrologist. Through multi-modal pain management, he became able
to comfortably tolerate weight-bearing activities and actively participate with physi-

cal therapy. He was also safely transferred out of the ICU for further recovery.

3. Discussion

The therapeutic goal of treating ischemic pain is to improve quality of life and
functional status. In our patient’s case, vasopressor-induced ischemia of the bi-
lateral toes and feet caused relentless pain that he reported as significantly worse
than the pain from the thoracic clamshell incisions across his chest for his bila-
teral lung transplant. In fact, once his organs began to recover, it was his chal-
lenging pain control that greatly hindered the recovery of an otherwise success-
ful lung transplant surgery. It prevented him from working with physical thera-
py, leading to further deconditioning and poor quality of life.

For patients with inoperable ischemia, the initial step in treating ischemic pain is
through pharmacologic means. Opioids are used to treat severe ischemic pain. Syn-
thetic, short-acting opioids such as fentanyl and alfentanil can be safely administered
to patients with kidney failure [5]. In order to prevent opioid side effects including
constipation, delayed gastric emptying, and ileus, low doses of naloxone can be used
simultaneously with the administration of opioids without affecting analgesia [6] [7].

Ischemic pain also has a component of neuropathic pain that can be treated

with medications such as ketamine and gabapentin. Even a 4-hour infusion of
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ketamine can give patients significant ischemic pain relief for a few days follow-
ing the infusion [8]. In another study, patients who received a median daily dose
of 1271 mg of gabapentin in addition to high dose opioids reported significant
reductions in their pain scores [9]. Unfortunately, patients with renal failure are
unable to take gabapentin as it is eliminated by renal excretion. The refractory
nature of the ischemic pain coupled with our patient’s acute kidney failure made
it very difficult to treat the pain pharmacologically. We started him on a fentanyl
infusion and soon after a ketamine infusion in hopes that the p-opioid agonist
and NMDA antagonist properties would synergistically reduce his pain level.
Eventually, we were able to start him on a low dose of gabapentin after his kid-
ney function improved. Yet, he continued to have intolerable pain.
Interventional treatments should be considered when patients have ischemic
pain that is refractory to pharmacologic management. Surgical or chemical sym-
pathectomy can help reduce pain via vasodilation and subsequent improvement of
blood flow to areas of ischemia to promote healing. Sympathectomy can also act
on nociceptive fibers to block sympathetic-nociceptive coupling to reduce pain
[10]. For upper extremities, a stellate ganglion block can be considered for sympa-
thectomy. This block can be effectively used to treat pain caused by vascular insuf-
ficiency for patients with atherosclerosis, Reynaud’s disease, and thromboembol-
ism [11] [12]. For lower extremities, epidural or spinal anesthesia can cause a
chemical sympathectomy. A recent study has found chemical sympathectomy to
be as effective as surgical lumbar sympathectomy in controlling ischemic pain
[13]. Unfortunately, we were unable to consider chemical sympathectomy such as
an epidural for this patient because he was receiving therapeutic levels of heparin
for known DVTs. The risk of hematoma in the spinal cord outweighed the benefits
of potential ischemic pain relief; therefore, we considered other blocks instead.
Continuous peripheral nerve blocks can also be efficacious in treating ischemic
pain [14]. A lumbar plexus block can be used as an alternative to chemical sym-
pathectomy for the lower extremities. When compared to epidurals, a lumbar
plexus block is a unilateral block that provides similar analgesia with fewer ad-
verse effects such as hypotension, urinary retention, and nausea [15]. Although
it is safer to perform a lumbar plexus block than an epidural or spinal block for
patients that are taking anticoagulants, there is still a significant risk of bleeding
that can go unnoticed given that this block is deep. The German and Austrian
Societies of Anesthesiology recommend the same guidelines be used for deep
plexus blocks and neuraxial blocks when patients are on anticoagulants [16].
Although we considered bilateral lumbar plexus blocks for our patient’s ischem-
ic pain, we ultimately decided that superficial blocks of the ankle and popliteal
region would be safer initial therapy before considering deeper plexus blocks due

to the anticoagulation he was receiving.

4. Conclusion

Thoughtful multi-modal pain management played a pivotal role in our patient’s
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recovery after receiving a lung transplant. Despite the limitations due to opioid
sensitivity, kidney failure, and anticoagulation, we were able to effectively con-
trol his pain through our inpatient pain management service. Once his pain was
well controlled, he was downgraded from the ICU, able to ambulate with assis-
tance, transitioned to oral pain medications, and reported improved quality of

life. A few weeks later, he was discharged to a rehabilitation center.
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