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Backgrounds/Aims: Thoracic epidural analgesia (TEA) is an established analgesic method in open Kausch-Whipple pancreaticoduo-
denectomy (KWPD). Although, it can cause hemodynamic instability and neurological complications. Inter pleural analgesia (IPA) is 
an alternative option. We aim to evaluate the effectiveness of IPA versus TEA after KWPD.
Methods: We retrospectively studied the efficacy of IPA against TEA in patients, operated by a single surgeon. The primary outcome was 
the analgesic efficacy and secondary outcomes were analgesia-related complications, inotrope use, and duration.
Results: Forty patients (TEA, 22; IPA, 18) were included. Both groups were well matched for patient characteristics, type, and dura-
tion of surgery. TEA was associated with higher analgesia-related complications (n = 8, 36.4% vs. n = 1, 5.6%; p = 0.027). TEA compli-
cations included analgesia not working (n = 4), leakage (n = 2), refractory hemodynamic instability (n = 1), and lower limb anaesthesia 
(n = 1). One patient in the IPA group encountered leakage. TEA was associated with longer inotrope requirement (35 vs. 18 hours; p = 
0.047). There was no significant difference in intensive care unit (ITU) admission rate (81.8% vs. 77.8%; p > 0.999), median ITU stay (3 
vs. 2 days, p = 0.385), or hospital stay (11 days in both groups).
Conclusions: In open KWPD, IPA is not inferior to TEA in its efficacy of pain control. IPA was associated with less analgesia-related 
complications and shorter inotrope requirements. However, this was a small retrospective study. Larger randomized controlled trials 
are needed to study the effectiveness of IPA.
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INTRODUCTION

Effective management of postoperative pain is crucial in opti-
mizing clinical care following a major upper abdominal surgery. 
Adequate postoperative pain relief can reduce postoperative 

complications (particularly respiratory-related complications) 
and help with enhanced early recovery [1]. Open Kausch-Whip-
ple pancreaticoduodenectomy (KWPD) is a common pancreatic 
procedure used to treat pancreatic head and peri-ampullary 
tumors. Traditionally, thoracic epidural analgesia (TEA) is the 
preferred analgesic option for KWPD and other upper gastro-
intestinal and thoracic surgeries. Although TEA is an effective 
analgesic method of choice, it carries a potential risk of compli-
cations, including dural perforation, hypotension, bradycardia, 
and neurological injury [2]. Moreover, the occurrence of system-
ic hypotension may require additional inotropic support [3] and 
extended intensive care unit (ITU) admission, resulting in fur-
ther related complications and higher resource demands. Conse-
quently, an alternative effective analgesic method not associated 
with these side effects would be preferable over TEA. 

Inter pleural analgesia (IPA) is one of such alternative anal-
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gesic options that is increasingly used in breast, thoracotomy, 
and minimally invasive cardiothoracic surgery [4,5]. The tech-
nique of IPA was first described in 1993 by Murphy [6]. Anal-
gesia is hypothesized to occur by diffusion of local anesthetic 
into the parietal pleura, intercostal nerves, and intrathoracic 
sympathetic chain, thus providing adequate analgesia for 
unilateral thoracic and upper abdominal pain. IPA catheters 
(IPAC) enable a continuous administration of local anesthetic 
agents during the perioperative period. Unlike TEA, IPA does 
not cause adverse hemodynamic effects. However, it can cause 
pneumothoraces, although such cases are rare [7,8]. The role 
of IPA in patients undergoing open KWPD has not been estab-
lished yet. Thus, the aim of this study was to evaluate the effec-
tiveness of IPA compared to TEA in open KWPD. 

MATERIALS AND METHODS

This retrospective comparative study reviewed all patients who 
underwent KWPD by a single surgeon (SA) at University Hospi-
tals Plymouth (UHP) NHS Trust between February 1st, 2013 and 
June 30th, 2016. The KWPD was carried out using a right-sided 
‘reverse L’ incision which consisted of a midline incision that be-
gan just below the xiphoid process, extending along the linea alba 
down to a point above the umbilicus and continuing laterally in a 
right transverse incision. Patients who had TEA or IPA along with 
patient-controlled analgesia (PCA) were included in this study. Pa-
tients who had alternative analgesia methods such as transabdom-
inal wound catheters (TAWC) or spinal analgesia plus PCA were 
excluded from this study. The choice of postoperative analgesia 
was decided solely by the consultant anaesthetist rather than the 
surgeon depending on whether they had the experience of insert-
ing IPA. Anaesthetists without experience of inserting IPA chose 
to use TEA and other forms of analgesia over IPA. 

We hypothesised that IPA would be similar in its analgesic 
efficacy compared to TEA. The primary outcome was the an-
algesic effectiveness of IPA compared to TEA. Pain scores were 
recorded routinely for patient care rather than specifically for 
this study. Data were collected by the nursing staff or the acute 
care team by asking patients to pick from four options: none, 
mild, moderate, or severe pain. Although the actual pain level 
might differ between patients due to pain tolerance and individ-
ual differences, subjective self-assessment of pain severity never-
theless could provide an idea whether the pain experienced was 
acceptable to the patient. Pain severity was further categorised 
as adequate or inadequate pain control. Adequate control was 
defined as none or mild pain. Inadequate control was defined as 
moderate or severe pain. Pain severity for intubated patients was 
not assessed as communication was not possible.

Secondary outcomes included TEA and IPA procedure-re-
lated complications, the extent of organ and inotropic sup-
port, and intensive unit stay (ITUS). For this study, refractory 
haemodynamic instability was defined as a cardiovascular 
compromise (bradycardia and hypotension) unresponsive to 

simple, non-invasive measures such as fluid resuscitation. 
Our unit’s practice is to send patients to intensive care unit/

high dependency unit (ITU/HDU) or level 1 facility depending 
on their performance status and cardiopulmonary exercise 
testing results following 2 to 4 hours stay in the recovery unit. 
The unit has a well-established enhanced recovery after sur-
gery (ERAS) pathway, on which all patients are enrolled. The 
local audit department approved this study. 

Patient details were obtained from a prospectively maintained 
hepato-pancreaticobiliary unit database and electronic patient 
records. The following data were collected retrospectively from 
medical notes: patient demographics, mode of analgesia, daily 
pain assessment scores from postoperative day (POD) zero to five, 
use of inotropic medication, length of ITUS and total hospital stay. 

Analgesic technique

Inter pleural analgesia 
The IPAC was inserted with the patient anesthetized before 

the surgery, allowing continuous infusion of local anesthetic 
during the surgery. This could maximize the spread and ab-
sorption of analgesia, thus reducing opiate requirements. The 
IPAC was inserted under sterile conditions, having completed 
the Prep-Stop-Block process [9]. The patient was positioned 
supine with their right arms held above their heads. A con-
tinuous f low of saline was attached to a 16-G Tuohy needle. 
Ventilation was turned off for the procedure with the patient 
at the end of the expiratory phase. The needle was inserted in 
the mid-axillary line in the thoracic safe triangle (area of the 
chest wall-bounded anteriorly by pectoralis major, posteriorly 
by latissimus dorsi, inferiorly by fifth intercostal space and su-
periorly by the axilla). The needle was inserted onto the body 
of the rib and walked off the top of the rib, avoiding the inter-
costal neurovascular bundle. Once the needle tip entered the 
interpleural space, the negative pressure caused a continuous 
f low of saline, preventing air entrainment. The catheter was 
then inserted, leaving approximately 15 cm in the interpleural 
space. Local anesthetic was administered after securing the 
catheter. Assessment for pneumothorax was completed using 
real-time ultrasound or chest X-ray performed after surgery. 

Thoracic epidural analgesia technique 
Epidural analgesia catheters were inserted according to a 

well-described technique [10]. 

Statistical analysis
The chi-squared test with Yates’ continuity correction was 

used to compare pain scores between TEA and IPA groups 
when the frequency of all outcomes was greater than 5. Other-
wise, Fisher’s exact test was used. Two-proportions Z-test was 
used to determine statistical inferiority. The Mann–Whitney U 
test was used for categorical and continuous outcome variables. 
Statistical significance was considered when p-value was less 
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than or equal to 0.05. All statistical analyses were performed 
using R Studio (Version 1.4.1106; R Foundation for Statistical 
Computing, Vienna, Austria).

RESULTS

A total of 40 patients with a median age of 67 years (inter-
quartile range [IQR], 61–72 years) were included in this study. 
Twenty-two (55.0%) patients received TEA and 18 (45.0%) 
patients received IPA. Both groups were well-matched. There 

were no significant differences in baseline patient character-
istics, Charlson Comorbidity Index (CCI), type of surgery, or 
duration of surgery between the two groups. Further details 
of patients’ demographics, comorbidities, and operative de-
tails of both groups are described in Table 1, 2. Just under half 
of patients in each group were female: 10 (45.5%) in the TEA 
group and eight (44.4%) in the IPA group. The sex distribution 
was not significantly (p  = 0.949) different between the two 
groups. The median age was 68 years (IQR, 62–70 years) in the 
TEA group and 67 years (IQR, 59–76 years) in the IPA group, 

Table 1. Patient demographics, co-morbidities, peri-operative details, post-operative complications and duration of stay 

Variable Thoracic epidural (n = 22) Inter pleural analgesia (n = 18) p-value

Patient demographic
   Female: male ratio 5 : 6 4 : 5 0.949
   Median age in years 68 (62–70) 67 (59–76) 0.586
   Median ASA 3 (2–3) 3 (2–3) 0.925
Comorbidity
   Median CCI 5 (4–5) 5 (3–6) 0.888
   Cardiovascular 11 11 0.702
   Respiratory 8 5 0.812
   Neurological 4 2 0.673
   Gastroenterology/endocrine 8 8 0.846
Peri-operative details
   Median operative time (h) 6 (5–7) 6 (5–7) 0.854
   Preoperative pancreatitis 1 (4.5) 4 (22.2) 0.155
   Exploratory laparoscopy 3 (13.6) 2 (11.1) > 0.999
   Portal vein resection 8 (36.4) 6 (33.3) > 0.999
   Additional procedures 2 (9.1) 3 (16.7) 0.642
      Nephrectomy 1 (4.5) 0 > 0.999
      Excision of chest wall schwannoma 0 1 (5.6) 0.450
   Blood transfusion rate 0 0 N/A
Postoperative complication
   Median Clavien-Dindo grading 1 (0–3) 2 (0–4) 0.696
      Grade 0 11 7 0.702
      Grade 1 1 2 0.579
      Grade 2 3 4 0.680
      Grade 3 7 4 0.724
      Grade 4 0 1 0.450
   Postoperative pancreatic leak (POPF) 4 (18.2) 4 (22.2) > 0.999
      POPF A 0 2 0.429
      POPF B 4 1 0.143
      POPF C 0 1 > 0.999
   Bile leak 2 (9.1) 4 (22.2) 0.381
   Bleeding 3 (13.6) 2 (11.1) > 0.999
   Intra-abdominal collections 1 (4.5) 1 (5.6) > 0.999
   Wound infection 3 (13.6) 2 (11.1) > 0.999
Postoperative stay (day)
   Median ITU stay (range) 3 (1–4) 2 (1–4) 0.385
   Median hospital stay (range) 10.5 (5–41) 11 (5–50) 0.957

Values are presented as median (interquartile range) or number (%).
ASA, American Society of Anesthesiologists; CCI, Charlson Comorbidity Index; ITU, intensive unit.
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showing no significant (p = 0.586) difference between the two. 
The median ASA score, CCI, and operative duration for both 
groups were also similar: three (p = 0.925), five (p = 0.888), and 
six hours (p = 0.854), respectively. 

One patient in the TEA group and four patients in the IPA 
group had preoperative pancreatitis (p  = 0.155). The number 
of additional intra-operative procedures including exploratory 
laparoscopy, portal vein resection, frozen section, non-regional 
lymph node resection, and other resections were similar be-
tween the two groups (Table 1). No patients required intraop-
erative blood transfusion. 

Median Clavien-Dindo gradings for postoperative compli-
cations were 1 (IQR, 0–3) and 2 (IQR, 0–4) for TEA and IPA 
groups, respectively (Table 1). Three patients in the TEA group 
and two patients in the IPA group suffered postoperative bleed-
ing. The median duration of ITUS and total hospital stay dura-
tions were also comparable between the both analgesia groups. 

Efficacy of pain management 
Daily pain assessment scores are shown in Table 2. Six re-

cordings (TEA, n = 3; IPA, n = 3) were not obtained due to in-
tubation at the time of assessment (POD 0–2). Thirteen (59.1%) 
patients in the TEA group and seven (38.1%) patients in the 
IPA group had adequate pain control (p = 0.340) in recovery 
(POD 0) and during all five PODs (POD 1–5). The remaining 
nine (40.9%) patients in the TEA group and 11 (61.1%) patients 
in the IPA group reported moderate or severe pain on at least 
one occasion.

The median day of TEA or IPA removal was POD 3 for both 
groups. Thus, POD 0–3 was evaluated in more detail. During 
this period, there were a total of 154 recorded daily pain scores 
(Table 3). Of these, there were 59 records of no pain (TEA, n = 
32/85 [37.6%]; IPA, n = 27/69 [39.1%]; p = 0.983), 67 records of 
mild pain (TEA, n = 42/85 [49.4%]; IPA, n = 25/69 [36.2%]; p = 
0.140), 25 records of moderate pain (TEA, n = 10/85 [11.8%]; 
IPA, n = 15/69 [21.7%]; p = 0.147), and three records of severe 
pain (TEA, n = 1/85 [1.2%]; IPA, n = 2/69 [2.9%]; p = 0.587). 

The reported pain severity between POD 0–3 did not show 
statistically significant difference between the two analgesia 

methods (p  = 0.197). Moderate pain was reported slightly 
higher by patients in the IPA group (21.7% vs. 11.8%, p = 0.147), 
but not statistically significant. Further analysis of inferiority, 
the null hypothesis ‘observed proportion of inadequate pain is 
greater in the IPA group than the TEA group’ was rejected (p = 
0.048).

Analgesic procedure-related complications and inotrope 
requirements 

Analgesic complications encountered were analgesia leakage, 
analgesia not working, refractory hemodynamic instability and 

Table 2. Frequency of daily reported pain severity between POD 0–5

POD
None Mild Moderate Severe

p-value
TEA IPA TEA IPA TEA IPA TEA IPA

0 14 9 4 2 2 4 0 2 0.299
1 3 7 14 7 4 3 0 0 0.153
2 8 3 11 9 2 5 1 0 0.254
3 7 8 13 7 2 3 0 0 0.413
4 9 11 12 6 1 1 0 0 0.455
5 14 14 7 2 0 2 1 0 0.115

POD, postoperative day; TEA, thoracic epidural analgesia; IPA, inter pleural 
analgesia.

Table 3. Sum of the frequency of adequate versus inadequate pain 
control between POD 0–3

Severity of pain TEA (n = 85) IPA (n = 69) p-value

Adequatea) 74 (87.1) 52 (75.4) 0.097
   None 32 (37.6) 27 (39.1) 0.983
   Mild 42 (49.4) 25 (36.2) 0.140
Inadequateb) 11 (12.9) 17 (24.6) 0.097
   Moderate 10 (11.8) 15 (21.7) 0.147
   Severe 1 (1.2) 2 (2.9) 0.587

Values are presented as number (%).
POD, postoperative day; TEA, thoracic epidural analgesia; IPA, inter pleural 
analgesia.
a)Adequate is the sum of ‘none’ and ‘mild’.
b)Inadequate is the sum of ‘moderate’ and ‘severe’.

Table 4. Analgesia-related complications, respiratory-related complica
tions and inotrope requirements

Variable
TEA  

(n = 22)
IPA  

(n = 18)
p-value

Analgesia-related  
   complication

8 1 0.027

   Not working 4 0 0.114
   Leakage 2 1 > 0.999
   Refractory haemodynamic 
      instabilitya)

1 0 > 0.999

   Lower limb paraesthesia 1 0 > 0.999
Respiratory-related  
   complication
   Hospital acquired  
      pneumonia

7 6 > 0.999

Use of inotrope
   Inotrope requirement 11 8 0.975
   Median duration of  
      inotrope use (h)

35 18 0.047

Values are presented as number only.
TEA, thoracic epidural analgesia; IPA, inter pleural analgesia.
a)For this study, refractory haemodynamic instability was defined as 
cardiovascular compromise (bradycardia and hypotension) which 
were unresponsive to simple, non-invasive measures, such as fluid 
resuscitation. 
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lower limb anesthesia. For this study, ‘analgesia leakage’ was 
considered when TEA/IPA infusion pumps showed errors either 
due to fluid leakage from catheters or the entry site of the cathe-
ter. ‘Analgesia not working’ was considered when either analgesic 
infusion was not possible due to a kink inside the epidural space 
or inter pleural space or when it was not practical or could not be 
used due to fluid leakage. ‘Refractory hemodynamic instability’ 
was considered when cardiovascular compromise (bradycardia 
and hypotension) was unresponsive to simple and non-invasive 
measures such as fluid resuscitation (Table 4). 

Rates of analgesic procedure-related complications were sig-
nificantly higher with TEA (n = 8, 36.4%) than with IPA (n = 
1, 5.6%) (p  = 0.027). TEA complications included analgesia 
not working (n = 4), leakage (n = 2), refractory hemodynamic 
instability (n = 1), and lower limb anesthesia (n = 1). The only 
IPA complication encountered was leakage, which was removed 
early. Seven epidural catheters (leakage = 2, not working = 4, 
refractory hemodynamic instability = 1) were removed early 
between POD 0–2. Patients who reported severe pain or whose 
parental analgesia was removed early were supplemented with 
additional intravenous morphine.

Respiratory complications rates were comparable between 
both analgesia methods (TEA = 31.8%; IPA = 33.3%; p > 0.999). 
There were no incidences of pleural effusion or pneumothorax 
with IPA or TEA. 

Eleven (50.0%) patients in the TEA group and eight (44.4%) 
patients in the IPA group required inotropic support (p = 0.975). 
The median duration of inotrope use was significantly longer 
in the TEA group than in the IPA group; median duration of 
35 hours (IQR, 22–59 hours) versus 18 hours (IQR, 2–38 hours) 
(p = 0.047). We also noted that two patients in the IPA group 
(CCI: 5 and 7; operative time: 5 and 5.5 hours) only required 
inotropic support for less than two hours, suggesting a tran-
sient compromise.

DISCUSSION

TEA has been the traditional method of analgesia for postop-
erative pain management for pancreaticoduodenectomy as rec-
ommended by the ERAS [11]. It has more favorable outcomes 
than conventional parental opioids. It is associated with supe-
rior pain control and less postoperative ileus and pulmonary 
complications. Other ERAS-recommended analgesia modali-
ties include TAWC and PCA. Inconsistences in their efficacies 
have been described, although both have shown comparable 
outcomes (to TEA) in analgesic and perioperative outcomes in 
recent studies [12,13]. Reasonably, both studies call for larger 
randomized trials to identify the best method of postoperative 
analgesia for pancreatic resection. To the best of our knowl-
edge, this is the first study to investigate the use of IPA in pan-
creatic surgery. Existing studies comparing TEA and IPA are 
only available for non-pancreatic surgeries with mixed results. 
One study has reported superior analgesic properties and fewer 

complications with IPA in minimally invasive direct coronary 
artery bypass surgery [14], while others have suggested better 
pain control with TEA in post-thoracotomy and chest-wall 
trauma patients [7,15]. Similar outcomes have also been report-
ed for these two analgesia modalities [16]. A variety of reasons 
can be responsible for these discrepancies, such as differences 
in the nature of operations, patient demographics, techniques 
of analgesia placement, and dosages of medication given, to 
name a few. Furthermore, it is difficult to predict the value of 
IPA in pancreatic surgery, based on the existing literature. 

The choice of analgesia is also influenced by different ways of 
approaching the abdomen for access. KWPD can be performed 
via right subcostal, bilateral subcostal, midline, and ‘reverse 
J’, and ‘reverse L’ incisions (Fig. 1). A combination of vertical 
and horizontal incision created with ‘reverse L’ or ‘J’ incision 
techniques offer maximal exposure to the right upper quadrant 
of the abdomen. The ‘reverse L’ incision is preferred over the 
‘reverse J’ incision as the horizontal limb of the latter is more 
proximal to the rib case, resulting in more pain with more 
associated complications [17,18]. For access to the pancreatic 
body or tail, a bilateral subcostal or midline incision is neces-
sary. TEA would be a better option as it acts on spinal nerves 
bilaterally within the epidural space [19]. We acknowledge that 
IPA will not be sufficient as it provides unilateral control. 

There are also disadvantages with TEA. Its association with 
hemodynamic instability has been well documented in the 
literature [10,11,19,20]. The main culprit is theorized to be the 
more significant sympathetic blockade in TEA, resulting in 
cardio-depressant effects and inhibition of vasoconstriction 
leading to functional hypovolaemia [10,20]. As inotropes are 
used to manage hemodynamic instability, our study used the 
extent of inotrope requirement as a loose indicator, showing 
comparable results to the literature. While the number of pa-
tients who had inotropes was similar between IPA and TEA 
groups, the latter group required significantly longer duration 
(median duration of 18 hours vs. 35 hours). Although the exact 
reason for this was unclear, it might be due to hemodynamic 

a. Subcostal incision
b. Bilateral subcostal incision
c. 'Reverse J' incision
d. 'Reverse L' incision
e. Midline incision

a b

c

d

e

Fig. 1. Abdominal incisions for Kausch-Whipple pancreatoduodenectomy.
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instability caused by TEA as the duration and type of surgery 
were similar between the two groups. Recent research has 
suggested that both inotropes and the duration of use have a 
deleterious compound relationship with pancreatic leaks [21]. 
Although the reason for this is unclear, we speculate that the 
timing of use is essential. The early postoperative period en-
compasses the inflammatory phase of wound healing consist-
ing of influx of cytokines, leukocytes, and growth factors that 
can promote debris removal [22]. Hypotension with or without 
the use of inotropes can divert blood supply away from the 
superior mesenteric artery and microvascular f low, compro-
mising anastomotic perfusion [23]. This suboptimal perfusion 
may result in persistent presence of bacteria and compromise 
the supply of oxygen and nutrients, subsequently leading to 
an anastomotic breakdown [24]. A shorter duration of inotro-
pe use may be less consequential as early cessation will allow 
reperfusion and re-continuation of the healing process. 

The logistic disadvantage with a prolonged ITUS associated 
with TEA (median of 3 vs. 2 days) is that it will increases costs and 
resource demands in the National Health Service (NHS), which 
costs approximately £1,500 per day [25]. This is even more relevant 
in the Covid-19 pandemic when there is a growing demand for 
ITU specialist care. It may be favorable for practitioners to consid-
er IPA over TEA for suitable patients to lessen current strains.

The presented study has some limitations, including its small 
sample size and a single-centered retrospective study known to 
be associated with inherent biases. As resources and expertise 
vary across different trusts, our results might not be transfer-
able across all hospitals and settings. We did not measure the 
amount or the type of medication used in PCA in each group. 
However, there was no reason to believe that PCA usage dif-
fered between the two groups. IPA also has drawbacks. One 
issue is that not all anesthetists are familiar with the technique. 
This, not every patient could have IPA despite its advantages. 
In our center, following review of IPA results, all consultant 
anesthetists would insert IPA for patients who undergo open 
pancreatic and liver surgeries through a ‘reverse L’, ‘one-sided 
subcostal’, or ‘reverse ‘J’ incision.

Despite these limitations, we presented our experience with a 
novel analgesic technique used in a cohort of patients operated 
by the same surgeon using a similar type of incision. We showed 
that IPA was not inferior to TEA in its efficacy of pain man-
agement for KWPD. Secondly, IPA (with or without PCA) had 
significantly fewer analgesia-related complications and inotropic 
requirements. In our unit, we now use IPA routinely. However, a 
randomized controlled study is needed to investigate the efficacy 
of IPA against other analgesic methods including TEA. 
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