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ABSTRACT

Objective: Few reports have evaluated postoperative continuous thoracic epidural analgesia on patients who received a lung
transplant. This analgesic modality may facilitate extubation, early ambulation, and achieve adequate pain control with
minimization of opioid use. An opioid sparing technique could minimize the side effects of opioids such as ileus, constipation,
and somnolence.
Methods: A retrospective chart review following local IRB approval was performed. A total of 97 patients’ charts were collected,
from April 2015 to March 2017. Forty-eight patients received T6-7 epidural, and forty-nine patients received standard intravenous
(IV) analgesia. Outcome measures collected included length of intensive care unit stay, total duration of hospitalization, need
for reintubation or noninvasive intermittent positive pressure ventilation (NIPPV), need for IV lidocaine gtt, and total narcotics
consumption during hospitalization in milligrams of morphine equivalents (MME).
Results: Both groups were comparable in age, BMI, and race/gender distribution. Additionally, patient pain requirements
were comparable between groups. However, a significantly smaller proportion of thoracic epidural patients required NIPPV
post-operatively, (20.4%, 53.2%: p = .0015). Further, the number of patients requiring reintubation was almost halved, (12.5%,
21.3%: NS). Patients receiving thoracic epidural also experienced shorter ICU times (p = .0335) and on average, an overall
reduced length of stay by six days.
Conclusions: For patients undergoing lung transplant, epidural analgesia is a viable alternative to IV pain control. Further, it
significantly reduced respiratory depression and length of stay in the ICU. More refined comparisons can be made by conducting
a precise prospective study with a more structured protocol in place.
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1. INTRODUCTION

Lung transplantation is becoming an increasingly common
intervention for those who are suffering from end-stage lung
disease. Over the past decades, worldwide lung transplan-
tation numbers have dramatically increased from a meager

45 transplants in 1987 to greater than 3,700 transplants in
2011.[1] While transplant numbers have increased exponen-
tially over the years, one year and three year survival rates
within the United States have remained relatively consistent
over the past decade, 85% and 65% respectively.[1] In the
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field of thoracic surgery, quality of pain management has
been directly correlated with patient outcomes.[2, 3] Acute
perioperative pain may trigger the surgical stress response
causing postoperative myocardial ischemia and new arrhyth-
mias, increased peripheral vascular resistance, and reduced
splanchnic circulation thereby extending time spent in the in-
tensive care unit (ICU).[4] Post lung transplant, undertreated
perioperative pain has also been linked to poor respiratory
and accessory muscle strength.[5, 6] Poor respiratory effort of-
ten requires prolonged intubation and mechanical ventilation,
which is associated with the development of pneumonia and
atelectasis.[4, 5] Ultimately this leads to a protracted recovery
and a longer hospital length of stay.

Further, development of new-onset chronic pain is also com-
mon in those undergoing thoracic surgery; a study by Fel-
tracco et al., shows more than half of all thoracotomy patients
who reported acute postsurgical pain developed chronic pain
at the surgical site.[7] Chronic pain post thoracic surgery
has been associated with significantly decreased physical
function and worse quality of life.[8] Mitigating acute periop-
erative pain in thoracic surgery plays a key role in bettering
patient outcomes, enhancing recovery, and reducing hospital
costs.

Thoracic epidural analgesia (TEA) is now regarded as a
critical component of multimodal pain control for lung trans-
plantation. However, the clinical benefit of TEA on patients
undergoing lung transplantation and the optimal timing of
epidural placement remains unclear. This study evaluates the
safety and efficacy of post-operative placement of T6-T7 tho-
racic epidural for lung transplant and compares this modality
to intravenous (IV) analgesia.

2. METHODS
A retrospective chart review following IRB approval from the
University of South Florida was performed (Pro00037269).
Data were evaluated on the effects of continuous epidural
analgesia initiated postoperatively as compared to standard
IV analgesia. All patients receiving post-operative thoracic
epidural analgesia were recruited upon request of surgeons at
Tampa General Hospital from April 2015 to March 2017. In-
clusion criteria were age over 18, and received single or bilat-
eral lung transplantation. Forty-eight patients received T6-T7
epidural, and forty-nine patients that had contraindications
for placement of thoracic epidural, such as coagulopathy or
anticoagulation, were given IV analgesia. Primary outcomes
were length of time spent in the ICU, total duration of hospi-
talization, need for reintubation or noninvasive intermittent
positive pressure ventilation (NIPPV), need for IV lidocaine
gtt, and total narcotics consumption during hospitalization in
milligrams of morphine equivalents (MME).

Placement of epidural catheters followed the standard of the
American Society of Regional Anesthesia guidelines. After
verifying coagulation studies were acceptable (PT/INR > 1.5,
Platelets > 100,000), patient received epidural 6-8 hours af-
ter ICU admission while intubated and sedated on propofol
drip. Thoracic Epidural was inserted at T6-T7 until loss of
resistance was observed. Catheter position was verified with
a test infusion of lidocaine + 3-4 ccs of epinephrine seek-
ing no change in heart rate after bolus injection. The initial
drip rate in this epidural space consisted of ropivacaine 0.1
mg/cc 8-9 ml/hr with a 2.5 cc bolus q 30 min on request for
persistent pain. Maximum infusion rate was 13-14 ml/hour.
Ropivacaine was increased to 0.2 mg/cc if patient reported a
pain score of 6 or more on a 10cm visual analogue scale or
if an increase in blood pressure was observed.

Postoperative pain course for the IV analgesia group utilized
hydromorphone PCA in standard dosage and lockout regi-
mens. Transdermal fentanyl, oral tramadol and Norco (5/325
hydrocodone/acetaminophen) were given on an as-needed
basis.

Continuous data are presented in the form of mean ± stan-
dard deviation (SD). Categorical data are presented as pro-
portions. Continuous data were analyzed using a two tailed
t-test with a significance of p < .05. Categorical data were
analyzed using a Fisher’s exact test with a significance of p
< .05. Data of further clinical interest were analyzed for their
effect size using Cohen’s d or Cramer’s v for continuous data
and categorical data respectively.

3. RESULTS
Postoperative management of ventilator support was the
same for both groups of patients and was equally coordi-
nated and supervised by pulmonary critical care services
(PK) with pain management supervised by anesthesia and
pain services (PS). Both groups were comparable in age,
BMI and race/gender distribution (see Table 1). When com-
pared to the patient series receiving IV pain management,
patients receiving thoracic epidural did not show a signifi-
cant reduction in total narcotics requirement or a significant
reduction in the number of patients requiring lidocaine gtt
(see Table 1). However, respiratory improvements were seen,
demonstrated by a significantly smaller proportion of pa-
tients requiring non-invasive positive pulmonary ventilation
(NIPPV) post-operatively, 20.4% as compared to 53.2% (p =
.0015). Further, the number of patients requiring reintubation
was almost halved, 6 (48) vs. 10 (49) respectively. While
not statistically significant, this may be of clinical interest in
future studies considering its effect size (v > 0.1, OR 1.79).
Patients receiving thoracic epidural also experienced shorter
ICU times (p = .0335) and on average, an overall reduced
length of stay by six days (d > 0.3).
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Table 1. Statistical comparison of patient characteristics after lung transplant
 

 

 
Intravenous Analgesia 

(n = 49)  

Epidural Analgesia 

(n = 48) 
p-value 

Age 57.8 (12.9) 57.4 (14.7) NS 

Gender Distribution (% Male) 71% 54% NS 

Body Mass Index 25.5 (4.7) 26.1 (4.0) NS 

Race Distribution (% White) 93.9% 97.9% NS 

Percent Receiving Double Lung Transplant 73.5% 70.8% NS 

Surgery Duration (min) 464.1 (124.9) 407.0 (121.9) .0257* 

Time spent in ICU (days) 13.6 (16.3) 7.9 (9.6) .0335* 

Length of hospital stay (days) 23.7 (20.3) 17.7 (13.1) .0874 

Percent of Patients Needing Reintubation 21.30% 12.50% .2733 

Percent of Patients Needing (NIPPV) 53.20% 20.80% .0015** 

Percent of Patients Receiving Lidocaine gtt 14.90% 8.30% .3364 

Post-operative Narcotics Consumption (MME) 400.4 (668.6) 549.6 (471.0) .2099 

Note. Data presented as Mean ± (SD) or as a percentage of individual sample size; * indicates p < .05; ** indicates p < .005; NS – Not Significant 

 

4. DISCUSSION
Inadequate pain relief post-surgery has been associated with
increased post-operative complications. Available anal-
gesics that have been used to address the patient’s need
for pain control include: IV opioids, nonsteroidal anti-
inflammatory agents (NSAIDs), and acetaminophen. Of-
ten hypovolemic, patients post lung transplant make poor
candidates for NSAID use. As cyclooxygenase (COX) in-
hibitors, NSAIDs present an increased risk for acute kidney
injury.[9] They additionally may increase risk of surgical
site infection by impairing thromboxane-dependent platelet
aggregation potentially resulting in prolonged sternal wound
healing in double lung transplantation.[10, 11] Alternatively,
these issues may be sidestepped through the administration
of acetaminophen; however sufficient analgesia is typically
not achieved through this alone. As such, opioids are typi-
cally a staple of postoperative pain management protocols.
With the dosages required to maintain satisfactory analge-
sia, opioid induced side effects such as postoperative nausea
and vomiting, urinary retention, constipation, and respiratory
depression can become a concern. Additionally, prolonged
use of opioid analgesics may lead to chronic pain, opioid
tolerance, and dependence.

Neuraxial anesthesia provides an alternative to the above
mentioned methods. However there is currently a grow-
ing debate in the literature regarding the optimal mode of
delivery of local anesthetic.[12, 13] While TEA is currently
the gold standard in perioperative pain management for tho-
racic surgery, paravertebral blocks have been shown to be
an effective method of pain control post-thoracotomy and
lung transplantation.[14] Whether paravertebral blocks pro-

vide equivalent analgesia to TEA is under debate. A recent
Cochrane review suggests that paravertebral block was equiv-
alent in terms of pain management to thoracic epidural and
had fewer minor complications.[15] However, this has yet
to be proven with a prospective randomized controlled trial.
Conversely, Teeter et al., argues the literature supporting
equivalent analgesia between both modalities often consists
of poorly constructed studies with suboptimal thoracic epidu-
ral concentrations. Furthermore, Teeter et al., has argued that
thoracic epidural may lead to less chronic pain.[12]

For now, TEA remains the gold standard for multi-modal
pain management during lung transplantation. A 2005 meta-
analysis by Wu et al showed for the first 72 hours after
surgery TEA produced significantly lower pain scores and
reduced narcotics requirements when compared to IV patient-
controlled analgesia (PCA) in patients with traumatic tho-
racic injury with rib fracture.[16] Similarly, Sztain et al.
demonstrated a reduction in opioid requirements after video-
assisted thoracoscopic lobectomy. Compared to patients re-
ceiving liposomal bupivacaine, patients receiving T6-7 epidu-
ral for lobectomy on average required 43.3% less opioids
within the first 48 hrs of their surgery.[17] More specifically,
TEA has been shown to improve outcomes in patients af-
ter lung transplantation.[2, 4, 7] Patients receiving TEA have
shown reduced duration and need of mechanical ventilation,
shortened length of ICU stay, and decreased number of res-
piratory complications.[18] Patients receiving epidural in this
study show improved respiratory outcomes as well, showing
a significantly lower need for NIPPV and a lower frequency
of reintubation. While the need for reintubation was not
significantly lower in the TEA cohort, the frequency of its
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occurrence was almost halved; significance in this case is
obscured by sample size as the need for reintubation occurs
in only a small subset of our sample population.

Post major thoracic trauma and surgery, TEA has been
demonstrated to improve patient satisfaction,[19] reduce nar-
cotics consumption, and reduce the development of chronic
pain as compared to IV PCA.[20] While our results do not
support reduced narcotic consumption, the results are con-
founded by several heavy users dramatically increasing the
variance of the sample. This could be a result of these pa-
tients having developed opioid tolerance prior to transplanta-
tion. A prospective study performed by Michel-Cherqu et al.
characterizing the pain of 143 patients recently placed on the
waiting list for lung transplantation showed that 59% were
experiencing chronic pain prior to their surgery. Of those
85 patients, 14% were using some form of opiate to and 2%
were using daily opioids to manage their pain.[21] However,
as we are unable to confirm prescription opioid usage prior
to surgery we cannot rightfully exclude these patients from
analysis. Additionally due to the nature of retrospective chart
review, data concerning patient satisfaction and pain was ei-
ther inconsistent, inaccurate, or incomplete for many patients
reviewed, as such its collection and analysis was precluded
from this study. This may be a contributing confound to our
narcotics consumption data. While SOP dictates that patients
reporting a VAS pain score of 6 or higher be given supple-
mentary analgesia and pain management was handled by the
same nursing staff in both groups, we cannot quantitatively
confirm equivalent analgesia between groups.

The benefits of TEA do not however come without certain

constraints. Patients undergoing lung transplantation on car-
diopulmonary bypass are heparinized, as such the risk of
epidural hematoma post catheter placement must be taken
into account. A review of 4,583 epidural catheterizations in
patients heparinized for cardiopulmonary bypass performed
by Ho et al. estimates the risk of hematoma formation post-
catheterization at a minimum of 1:150,000 catheterizations
and maximum of 1:1,500 catheterizations.[22] While there are
several confirmed cases of spontaneous hematoma formation
associated with neuraxial anesthesia in procedures utilizing
cardiopulmonary bypass,[23] to date, paraplegia, major neuro-
logical damage, and/or death due to perimedullary bleeding
post-catheterization for lung transplantation have yet to be
reported.[7] In current practice, we have removed TEA from
our protocols as we have started to utilize cardiopulmonary
bypass for lung transplant cases. In the future, given the
pulmonary and pain benefits that have been associated with
TEA, we may reintroduce this analgesic method into our
practice.

5. CONCLUSIONS
Our study indicates that for patients undergoing bilateral
or single lung transplant, thoracic epidural anesthesia is a
viable alternative to IV patient controlled analgesia for post-
operative pain management. Further, it significantly reduced
respiratory depression and length of stay in the ICU. More
refined comparisons can be made by conducting a precise
prospective study with a more structured protocol in place.
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