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Thoracic Epidural Analgesia for Postoperative Pain 
Management in Liver Transplantation: A 10-year 
Study on 685 Liver Transplant Recipients
John Hausken, MD,1 Håkon Haugaa, MD, PhD,1,2 Morten Hagness, MD, PhD,3 Pål-Dag Line, MD, PhD,3,4  
Espen Melum, MD, PhD,4,5,6,7,8 and Tor Inge Tønnessen, MD, PhD1,4

INTRODUCTION

Liver transplantation (LTx) is a life-saving procedure 
for acute liver failure and the only definite treatment for 
end-stage chronic liver disease and is increasingly also 
performed for primary liver cancer and in experimental 

protocols for metastases.1 Pain after LTx is usually less 
severe compared with other major abdominal surgery 
procedures.2,3 Nevertheless, good postoperative analge-
sia is essential for patient recovery and satisfaction also 
after LTx.4,5 In the early era of our transplant program, 
opioids administered as nurse- or patient-controlled anal-
gesia (PCA) was the basis of postoperative analgesia.2 

Liver Transplantation

Background. Thoracic epidural analgesia (TEA) is not widely used for postoperative pain management in liver transplan-
tation due to hepatic coagulopathy-related increased risk of inducing an epidural hematoma. However, an increasing number 
of patients are transplanted for other indications than the end-stage liver disease and without coagulopathy allowing inser-
tion of an epidural catheter. Methods. This study is a retrospective observational single-center study of all adult patients 
undergoing first-time liver transplantation at Oslo University Hospital between January 1, 2008, and December 31, 2017. 
Data regarding patient characteristics were obtained from the Nordic liver transplant registry, medical records, and pain 
registration forms. Patients without coagulopathy (international normalized ratio <1.5 and platelets >100 × 109/L) were eligi-
ble for TEA. Results. Out of 685 first-time liver transplantations in a 10-year period, 327 received TEA, and 358 did not. 
The median Model of End-stage Liver Disease score was lower in the TEA group than in the non-TEA-group (9 versus 17,  
P < 0.001), and fewer patients were hospitalized preoperatively (16 versus 127, P < 0.001). The median international nor-
malized ratio (1.1 versus 1.6, P < 0.001) and platelet count (190 versus 78, P < 0.001) were different between the TEA and 
non-TEA groups. There were no serious complications related to insertion or removal of the TEA catheters. Patients in the 
TEA group had less pain with a mean numeric rating scale at postoperative days 0–5 of 1.4 versus 1.8 (P = 0.008). Nearly 
50% of the patients were prescribed opioids when discharged from hospital (non-TEA 154 versus TEA 158, P = 0.23), and 
there was no difference after 1 year (P = 0.718). Conclusions. Our report revealed very good pain control with both 
TEA and the non-TEA modality. TEA was without any serious complications like epidural hematoma or infection/abscess 
in selected liver transplant recipients without severe coagulopathy. Opioid prescription at hospital discharge and by 1-year 
follow-up did not differ between the groups.
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Administration of acetaminophen and NSAIDS to LTx 
recipients is restricted due to hepatotoxicity and high inci-
dence of impaired renal function, respectively.6

Epidural analgesia is by many considered to be the optimal 
pain relief after major surgery and may improve perioperative 
outcomes when compared with general anesthesia.7-9 Thoracic 
epidural analgesia (TEA) is an invasive procedure with risk 
of spinal cord injury due to epidural hematoma, infections, 
or direct puncture injuries.10 It is also time consuming in the 
operating room (OR) and requires significant resources for 
observation during the first postoperative days (PODs), and 
a number of patients are also reluctant to this type of pain 
management.

In our LTx center, we have for nearly 2 decades offered 
TEA to patients without coagulopathy, defined as interna-
tional normalized ratio (INR) >1.5 and platelets <100 × 109/L. 
In this study, we have explored data from all adult liver trans-
plant recipients during the last 10 years focusing on safety 
and feasibility of TEA but also analyzed the effect of TEA 
versus non-TEA on postoperative pain scores and postopera-
tive course as reflected by time until extubation and length of 
intensive care unit (ICU) stay.

MATERIALS AND METHODS

The study was approved by the South-Eastern Norwegian 
Research Ethic Committee for Medical and Health Research 
Ethics (REK no. 2018/2240), and the hospital Data Protection 
Officer. The study design was a retrospective observational sin-
gle-center study, and all patients >18 years of age undergoing 
first-time LTx at Oslo University Hospital between January 
1, 2008, and December 31, 2017, were eligible for inclusion. 
Data regarding patient characteristics were obtained from the 
Nordic liver transplant registry, medical records, and pain reg-
istration forms.

Selection Criteria for TEA
At the time of listing for LTx, all recipients received care-

ful information about the choice of postoperative pain man-
agement. The decision to perform a TEA is mainly based on 
the coagulation profile; INR, platelets, and activated partial 
thromboplastin time (APTT) values and informed consent 
from the patient. Patients eligible for TEA are informed about 
the pros and cons; the vast majority of these prefer TEA. 
We do not consider recipients with a degree of liver failure 
requiring critical care treatment, renal replacement therapy, 
or mechanical ventilator support as candidates for TEA. For 
those patients with ongoing anticoagulant prescription pre-
transplant, a non-TEA strategy is chosen. Patients with earlier 
dissatisfaction with epidural analgesia or patients choosing 
non-TEA treatment are treated according to their choice. 
Premorbid psychiatric disorders, anxiety, and depression or 
patients on medication-assisted treatment for opioid use dis-
order are not considered contraindications to TEA.

Coagulation Profile
Laboratory tests included a complete blood count, bio-

chemical and coagulation profile during the pretransplant 
work-up, at arrival in the hospital before transplantation and 
in the early posttransplant period before hospital discharge. 
Standard coagulation profile included platelet count, APTT, 
and INR.

Thoracic Epidural Analgesia
To minimize the risk of epidural hematoma and infections, 

we used the modified institutional protocols based on guide-
lines from New York School of Regional Anesthesia recom-
mendations: an INR <1.5, APTT <45 s, a platelet count >100 
× 109/L, and no signs of local skin infection. Before induction 
of general anesthesia the epidural catheter was inserted under 
sterile condition with a loss of resistance technique by an 18G 
needle at a mid-thoracic level (Th 7-10) to cover the dermato-
mes innervating the incision in the upper abdomen. The epi-
dural infusion consisting of bupivacaine 1 mg/mL, fentanyl  
2 μg/mL, and epinephrine 2 μg/mL was activated on the 
attending anesthesiologist’s decision. Following the hospi-
tal protocols, the infusion rate was initiated at 5–10 mL/h, 
increased to maximum 15 mL/h if necessary, bolus dose of 
5 mL was allowed every 30 minutes.

Non-TEA Pain Management
When leaving ICU, the patients were offered intravenous 

PCA with ketobemidone or oxycodone. The PCA pump was 
programmed to deliver 1 mg bolus of ketobemidone or oxyco-
done, with an 8-minute lockout interval and a maximum hourly 
dose of 7 mg. No baseline infusion was allowed. PCA was dis-
continued when the patients reported low pain scores and oral 
analgesics were considered appropriate. Patients not receiving 
PCA were administered intermittent boluses of analgesics.

Both the PCA with ketobemidone/oxycodone and TEA 
were administered with CADD-Legacy PCA Pump Model 
6300 (SIMS Deltec, St. Paul, MN).

Anesthesia and Perioperative Care
All recipients received general anesthesia with thiopental 

or propofol, fentanyl, an inhalational anesthetic agent, and a 
nondepolarizing neuromuscular blocker.

A fast-track protocol together with early weaning from 
ventilator to minimize the use of intensive care resources is 
provided in our liver transplant unit whenever possible.

The surgical approach is an inversed L-shape or subcos-
tal incision in the right upper abdomen, and the piggy-back 
technique with preservation of the recipient cava and a tem-
porary portocaval shunt is routinely used. Single intraopera-
tive unfractionated heparin of 2500–5000 units intravenously 
before the arterial vascularization is occasionally used, at least 
120 minutes after the epidural catheter insertion. According 
to our center’s protocol, all recipients received tacrolimus or 
sirolimus/everolimus, methylprednisolone, and mycopheno-
late mofetil. A bolus dose of 500–1000 mg methylpredniso-
lone was administered before reperfusion of the liver graft 
according to the recipients immunological risk profile.

Our transplant center consists of dedicated specialists in 
the field of transplant medicine and surgery. All invasive pro-
cedures and anesthetic management were performed by expe-
rienced anesthesiologists in the liver transplant team.11

Postoperative Data Collection
Possible TEA-related complications like hematomas and 

infections, and overall pain intensity on PODs 0–5 were reg-
istered. The pain intensity was registered by nurses with an 
11-point numeric rating scale (NRS) from 0 to 10, where 0 is 
no pain and 10 the most intense pain imaginable. When sev-
eral ratings were registered on the same day, the mean value 
for that day was calculated.
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Opioid use pretransplant, at discharge from the transplant 
center, and at 1-year follow-up was registered.

STATISTICAL ANALYSIS

Continuous variables are presented as median with 25 and 
75 percentiles, and group comparisons were performed with 
the Mann–Whitney U test. Categorical variables are presented 
as numbers and percentages, and analyzed with Chi-square 
in contingency table analyses. IBM SPSS Statistics Version 25 
was used for statistical analyses (IBM, Armonk, NY). P val-
ues <0.05 were regarded as statistically significant. GraphPad 
Prism 8 was used to provide the plot diagram in Figure 1.

RESULTS

A total of 705 primary liver transplants (LTX) were per-
formed at our center in the study period. Twenty patients were 
excluded due to simultaneous transplantation of other solid 
organs or lack of data. Thus, 685 patients were available for 
final data analysis; out of these, 327 received TEA, and 358 
were in the non-TEA group. The baseline characteristics are 
presented in Table 1. There were statistically significant differ-
ences between the TEA and non-TEA recipients with regards 
to model of end-stage liver disease score (9 versus 17), the 
American Society of Anesthesiologists (3 versus 4), and the 
number of patients that were hospitalized before transplanta-
tion (4.9% versus 35.5%).

In the TEA group, 310 out of 327 patients (95%) received 
TEA before LTX. In 6 patients, cannulation and insertion 
of an epidural catheter was not technically possible, and 3 
patients received transfusion of platelets before insertion of 
the TEA catheter. There were no serious adverse events like 
epidural hematoma or epidural infection/abscess caused by 
insertion or removal of the epidural catheters. In 3 patients 
complaining of low back pain and numbness in the lower 
extremity, a magnetic resonance imaging of the spine was 

done, 2 had normal findings, and 1 patient had a not previ-
ously recognized spinal stenosis.

The overall pain intensity measured by NRS (0–10) dur-
ing POD 0–5 revealed a significant difference between TEA 
and non-TEA, with 1.4 versus 1.8 (P < 0.001), respectively 
(Table 2). The day-to-day (0–5) median pain scores revealed 
NRS ≤2 in both groups. The highest NRS scores were regis-
tered during the first 3 PODs in the non-TEA group, whereas 
significant differences between the groups were only seen on 
days 0 and 4 (Figure 1). A total of 34 (4.9%) patients in this 
study reported moderate to severe pain on days 0–5 (NRS > 4),  
equally distributed in both the groups.

 Lower extremity weakness/motoric block were reported in 
37 patients (11.3%) in the TEA group, but the neurological 
symptoms did not persist in any patient after the removal of 
the epidural catheter. A total of 34 patients (10.4%) received a 
second epidural because of insufficient pain relief or inadvert-
ent removal of the catheter. Sixteen patients initially treated 
with PCA received TEA in the late postoperative course for 
secondary interventions/re-operations, and in 35 patients, a 
supplementary PCA was used in combination with TEA or 
after TEA removal. A total of 225 (32.9%) recipients reported 
pruritus post-LTx, 54 (15.1%) in the non-TEA group and 171 
(52.3%) in the TEA group (P < 0.001).

 The TEA catheters were removed on median POD 7 (range 
0–50 d). No patient required platelet transfusion or correction 

FIGURE 1.  Numeric rating scale pain score during the first 5 
postoperative days in 685 primary liver transplantation recipients 
(median and interquartile range). Numbers above the graphs are  
P values of compared postoperative pain scores in patients treated 
with TEA vs non-TEA, day-by-day (Mann–Whitney U test). non-TEA, 
pain management without thoracic epidural analgesia; TEA, thoracic 
epidural analgesia.

TABLE 1.

Baseline characteristics of 685 liver transplant recipients 
in the period January 1, 2008–December 31, 2017

 TEA Non-TEA P

Total 327 (48) 358 (52) —
Male/female 200/127 (61/39) 211/147 (59/41) 0.55
Age (y) 55.1 (44.8–62.0) 55.2 (48.2–61.9) 0.52
BMI 24.1(21.8–27.0) 25.9 (22.7–29.3) <0.001
Diagnosis    
  Acute liver failure 1 (0) 21 (6) <0.001
  Chronic liver disease, nonmalignant 198 (61) 263 (74) <0.001
  Malignant liver diseasea 128 (39)  74 (20) <0.001
MELD score 9 (7–14) 17 (12–25) <0.001
ASA score 3 (3–4) 4 (3–4) <0.001
Cold ischemia time (min) 431 (337–517) 429 (341–521) 0.323
Donor age (y) 53 (41–65) 59 (43–69) 0.557
Waiting list time (d) 28 (12–65) 23 (6–57) 0.135
Dialysis 0 (0) 46 (13) <0.001
Hospitalized before LTx 16 (4.9) 127 (35.5) <0.001
ICU stay before LTx 2 (0.6) 53 (15) <0.001
INR 1.1 (1.0–1.3) 1.6 (1.3–2.0) <0.001
Platelet count (×109/L) 181 (128–264) 78 (57–105) <0.001
APTT (s) 37 (34–41) 44 (38–53) <0.001
Perioperative transfusion (mL)
  RBC 0 (0–750) 1000 (250–2000) <0.001
  Plasma 200 (0–800) 800 (400–1600) <0.001
  Platelets 0 (0–0) 350 (0–700) <0.001

aHepatocellular carcinoma (n = 139), secondary liver tumors from nonresectable cancer (n = 48),  
biliary tract carcinoma (n = 6), hepatic cholangiocarcinoma (n = 4), and other liver malignancies 
(n = 5). 
Data are presented as n (%) or median (25–75 percentiles) and were analyzed with Chi-square- 
and Mann–Whitney U tests, respectively. 
APTT, activated thromboplastin time; ASA, American society of anesthesiologist classification 
system; BMI, body mass index; ICU, intensive care unit; INR, international normalized ratio; LTx, 
liver transplantation; MELD, model of end-stage liver disease; non-TEA, not receiving thoracic 
epidural analgesia; RBC, red blood cells; TEA, thoracic epidural analgesia.
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of INR before catheter removal; the median (interquartile 
range) platelet count was 182 × 109 (131–271)/L, APTT 32 
(29–34) s, and INR 1.1 (1.0–1.2). One hundred three (32%) 
patients in the TEA group were extubated in the OR com-
pared with 29 (8%) patients in the non-TEA group (Table 2).

 Fifty-two (16%) recipients in the TEA group received opi-
oids before transplantation versus 73 (21%) in the non-TEA 
group. When discharged from the transplant center approxi-
mately 3 weeks posttransplant, nearly half of the patients 
received an opioid prescription (Table 3). At 1-year follow-
up, the opioid use still persisted in 28 (9%) in the TEA group 
versus 30 (8%) in the non-TEA group.

DISCUSSION

The present study revealed that TEA is feasible in selected 
LTx recipients without severe coagulopathy. None of the 
patients treated with TEA had serious complications like epi-
dural hematoma or epidural infection/abscess. It provides less 
pain with median pain scores on NRS 1.4 [confidence inter-
val (CI) 1.26-1.56] during the first 5 PODs as compared with 
a pain protocol without TEA with NRS 1.8 (CI 1.64-2.02). 
Thus, both groups had excellent pain relief. The non-TEA 
recipients had significantly higher model of end-stage liver 
disease and American Society of Anesthesiologists scores and 
were more frequently hospitalized before transplantation. In 
other words, the patients that did not receive a TEA had more 
advanced liver disease than the patients in the TEA group.

As opposed to the utilization of TEA in liver resection in 
patients without liver cirrhosis where TEA is considered safe 
due to the absence of coagulopathy,12,13 the present study is to 
the best of our knowledge the first report on efficacy, safety, 

and pain score rating of TEA in liver transplant recipients. 
Importantly, because the pro- and anticoagulant factors are 
often simultaneously reduced in hepatic coagulopathy, an 
increased INR usually does not reflect an increased risk of 
bleeding in these patients,14,15 probably making the epidural 
procedure safe to perform even with pathologically increased 
INR values, but that needs to be evaluated in future studies. 
Viscoelastic tests of coagulation (thromboelastography), a 
method to assess the coagulation status and the clot forma-
tion, may be a good alternative to conventional coagulation 
tests and an useful tool for the anesthesiologists in the assess-
ment before the epidural insertion or removal.16 Mallett et al17 
demonstrated that conventional tests, PT and INR, showed 
a hypocoagulable state, whereas the thromboelastography 
(TEG) was normal in patients with normal liver function 
undergoing surgical resection. Currently, no specific evidence-
based recommendations exist from international guidelines 
about TEG and placement of epidural catheters in patients 
with co-existing liver disease undergoing LTx.18-20

 Pain relief provided with central neuraxial and regional 
blocks may be superior compared with PCA with opioids,21 but 
comparisons may be uncertain because reported pain scores vary 
widely between patients undergoing similar surgery.22 In living 
donor hepatectomy, the use of epidural catheters seems safe, 
and removal of the epidural catheter is recommended at POD 
5 if INR is below 1.5.23-25 The indwelling TEA catheters were 
removed on POD 7 in our study with a median INR value of 1.1. 
Because our study population had a high proportion of recipi-
ents that received a liver graft because of malignancies with close 
to normal coagulation profile, a prophylactic higher dose of low 
molecular weight heparin was administered more frequently in 
the TEA group compared with the non-TEA group. These cir-
cumstances may have contributed to an approximate 24-hour 
delay of the TEA catheter removal due to safety reasons.18

We evaluated pain scores from the first 5 PODs. Although 
there were significant numerical differences in NRS scores, 
these differences hardly have any clinical significance because 
both groups had very good pain relief with median NRS ≤2. 
Only 4.9% of the patients reported moderate pain scores >4 
on one or more occasions, which was equally distributed in 
both groups. The initial large doses of corticosteroids during 
the liver transplant procedure may have contributed to pain 
relief in both groups because steroids play an important role 
as co-analgesics in multimodal pain management protocols 
due to their anti-inflammatory activity.26

Preventing pneumonia and postoperative pulmonary fail-
ure appears to be in favor of the TEA group with 29 (9%) 
in the TEA group versus 59 (17%) in the non-TEA group, 
which is in line with previous reports.27 However, in our study, 
a much larger percentage of the patients were hospitalized and 

TABLE 2.

Perioperative results

 
TEA  

(n = 327)
Non-TEA  
(n = 358) P

Opioids given intraoperatively, µg  
(median, IQR)

800 (650–950) 900 (750–1100) 0.004

NRS days 0–5 (median, IQR) 1.4 (0.3–2.2) 1.8 (0.6–2.7) 0.008
Discontinuation day of pain pumps,  

median (IQR)
7 (5–9) 5 (4–7) <0.001

Discharged to home,a n (%) 249 (76) 174 (49) <0.001
Discharge to local hospital, n (%) 76 (23) 175 (49) <0.001
In-hospital mortality, n (%) 1 (0.3) 5 (1.4) 0.126
Pneumonia, n (%) 29 (9) 59 (17) <0.001
Antibiotic treatment, n (%) 138 (42) 207 (58) <0.001
LMWH > 5000 IU/24 h, n (%) 144 (44) 91 (25) <0.001
Extubated in OR, n (%) 103 (32) 29 (8) <0.001
ICU < 24 h, n (%) 199 (61) 123 (34) <0.001
Ventilator hours (median, IQR) 3 (0.0–6.7) 9.3 (4.8–26.2) <0.001
ICU hours (median, IQR) 19 (12–30) 30 (19–68) <0.001
Days stayed on surgical ward (median, IQR) 11 (8.3–15) 11 (9–16) 0.45
Days stayed in transplant center  

(median, IQR)
22 (20–26.8) 23 (20–29) 0.003

Readmission to ICU, n (%) 18 (6) 54 (15) <0.001
Required reintubation, n (%) 14 (4) 46 (13) <0.001
Re-LTx, n (%) 25 (8) 30 (8) 0.724

aHospital discharge data not available (n = 5). 
The diagnosis of pneumonia is verified with radiograph and/or clinical examination. 
ICU, intensive care unit; IQR, interquartile range; LMWH, low molecular weight heparin; LTx, liver 
transplantation; NRS, numeric rating scale; OR, operating room; TEA, thoracic epidural analgesia.

TABLE 3.

Opioid pain medications in 685 liver transplant  
recipients

 TEA (n = 327) Non-TEA (n = 358) P

Opioid use pre-Tx, n (%) 52 (16) 73 (21) 0.13
Discharge from hospital with opioids, n (%) 158 (48) 154 (43) 0.23
Still on opioids at 1-y follow-up, n (%)a 28 (9) 30 (8) 0.72

aOut of the patients that were discharged with opioids. 
Non-TEA, pain management without thoracic epidural analgesia; TEA, thoracic epidural analgesia.
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ICU-dependent before LTx in the non-TEA group, making it 
difficult to interpret the effect of TEA per se on these complica-
tions. Earlier studies have not shown any benefit of TEA com-
pared with IV opioids in patients undergoing major abdominal 
high-risk surgery, except for preventing respiratory failure.28,29

Opioid use pre- and posttransplant affected patient and graft 
survival, and in an editorial in Liver Transplantation, the ques-
tion is addressed if chronic pain is associated with patient sur-
vival and morbidity.30,31 In our study, there was a nonsignificant 
difference in opioid use before LTx between the TEA (16%) 
and non-TEA (21%) group, which is consistent with previ-
ous observations in LTx recipients.32 Despite low pain scores 
in the immediate posttransplant period, a considerable number 
of patients were discharged from our transplant center with 
opioid prescriptions, and receiving epidural analgesia did not 
have any opioid-reducing effect, although care should be taken 
interpreting these data because of the different patient popula-
tions (Table 3). In a study on opioid-naive patients undergoing 
abdominal surgery, the authors did not find any protective effect 
of epidural analgesia in the discharge prescription of opioids.33 
Preventing opioid use and chronic postsurgical pain should be 
an important focus area for future studies as this affects sur-
vival.32 Achieving good pain control with noninvasive mul-
timodal strategies and thereby avoiding indwelling epidural 
catheters may be a better option for the liver transplant recipi-
ent with coagulopathy disturbances and on immunosuppression 
therapy. A previous randomized controlled trial from our center 
revealed that postoperative pain in open liver surgery with a 
multimodal management was noninferior to TEA for the first 5 
PODs and with significantly lower opioid use.34 The multimodal 
treatment in the PCA group was paracetamol and ketorolac, but 
both drugs may be contraindicated in many of the liver trans-
plant recipients due to liver and/or kidney failure. The use of 
nonopioid pain management has gained increased interest, and 
in a recently published review, Chadha et al35 recommend the 
use of nonopioid pain strategies in the postoperative period, 
especially for recipients using opioids before LTX. The same 
authors do, however, not recommend neuraxial blocks.

The retrospective, single-center design is a limitation of 
our report. Another weakness is that the exact amount of 
opioid dosage/morphine equivalents could not be calculated. 
Electronic medical records with registration of opioids admin-
istered during the entire postoperative period have recently 
been implemented in our department and will, in the future, 
provide more exact calculation of the morphine equivalents.

Viscoelastic tests like TEG are used in the perioperative 
course to monitor and guide transfusion requirements and 
could have been used more frequently in addition to conven-
tional coagulation parameters before epidural placement. The 
indication to use epidural is not very strict (eg, less pain/better 
comfort) because pain relief with non-TEA methods is effec-
tive, and we do not want to put the patients at risks for serious 
adverse events; therefore, safe margins for INR level and plate-
let count should be achieved. Future studies are warranted to 
clarify these aspects. The strength of our report is the high num-
ber of epidural procedures performed over a long time period 
using the same epidural technique and drug solution.

CONCLUSION

Our report revealed very good pain control with both TEA 
and the non-TEA modality. TEA was provided in selected liver 

transplant recipients without severe coagulopathy and was 
without any serious complications like epidural hematoma or 
infection/abscess. Opioid prescriptions at hospital discharge 
and at 1-year follow-up were equally distributed in both the 
groups. To determine if TEA or PCA is the better alternative 
for liver transplant recipients with no coagulopathies, a pro-
spective, randomized controlled trial has to be performed.
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