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ARTICLE INFO ABSTRACT

Keywords: Background: Adequate pain control after open esophagectomy is associated with reduced com-
Robotic surgery plications, earlier recovery and higher patient satisfaction. While further developing surgical
Esophagectomy

procedures like robot-assisted minimally invasive esophagectomy (RAMIE) it is relevant to adapt
postoperative pain management. The primary question of this observational survey was whether
one of the two standard treatments, thoracic epidural analgesia (TEA) or intravenous patient-
controlled analgesia (PCA), is superior for pain control after RAMIE as the optimal pain man-
agement for these patients still remains unclear. Use of additional analgesics, changes in forced
expiratory volume in 1 s (FEV1), postoperative complications and duration of intensive care and
hospital stay were also analyzed.

Methods: This prospective observational pilot study analyzed 50 patients undergoing RAMIE
(postoperative PCA with piritramide or TEA using bupivacaine; each n = 25). Patient reported
pain using the numeric rating scale score and differences in FEV1 using a micro spirometer were
measured at postoperative day 1, 3 and 7. Additional data of secondary endpoints were collected
from patient charts.

Results: Key demographics, comorbidity, clinical and operative variables were equivalently
distributed. Patients receiving TEA had lower pain scores and a longer-lasting pain relief.
Moreover, TEA was an independent predictive variable for reduced length of hospital stay (HR
-3.560 (95% CI: —6.838 to —0.282), p = 0.034).

Conclusions: Although RAMIE leads to reduced surgical trauma, a less invasive pain therapy with
PCA appears to be inferior compared to TEA in case of sufficient postoperative analgesia and
length of hospital stay. According to the results of this observational pilot study analgesia with
TEA provided better and longer-lasting pain relief compared to PCA. Further randomized
controlled trials should be conducted to evaluate the optimal postoperative analgesic treatment
for RAMIE.
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1. Introduction

Esophageal cancer is the 6th leading cause of cancer related death worldwide with estimated 400,000 new cases annually [1]. A
transthoracic esophagectomy with abdominal and thoracic lymph node dissection is the cornerstone of the multimodal treatment
concept with curative intent for patients suffering of esophageal cancer or cancer of the gastroesophageal junction [2-4].

In order to improve short-term postoperative outcome by reducing surgical trauma minimally invasive esophagectomy (MIE) was
developed [5]. Until now, there are some randomized controlled trials (RCT) which compare minimally invasive esophagectomy (MIE)
[6,71, hybrid esophagectomy [8,9] or robot-assisted minimally invasive esophagectomy (RAMIE) [10] to open transthoracic esoph-
agectomy (OTE). Aforementioned RCTs all show a benefit of minimally invasive esophagectomy over OTE considering postoperative
complications and quality of life. In our center we were able to validate the results of the mentioned studies [11,12].

Besides the surgical technique, appropriate postoperative pain management is essential to enhance recovery after OTE or MIE [13,
14]. Thoracic epidural analgesia (TEA) still represents the gold standard of postoperative pain management in patients undergoing
OTE [15,16]. In addition to sufficient analgesia, the commonly known advantages of TEA are positive effects on postoperative pul-
monary morbidity, faster recovery, earlier restitution of bowel function and a reduced systemic stress response due to sympathetic
blockade [17-21]. Regarding method-related complications and disadvantages a higher failure rate due to inability to place the
catheter or secondary dislocation resulting in insufficient analgesia have to be taken into account [22]. By contrast, the systemic
opioid-based intravenous (iv) patient-controlled analgesia (PCA) with piritramide or morphine is a widely used convenient and less
invasive method [23]. Alternative pain management concepts such as intercostal or paravertebral blockade were implemented
increasingly in MIE as well, so far without proven superiority of one of them compared to TEA [24,25]. Up to now the question re-
mains, which peri- and postoperative analgesia regimen is the optimal pain management in patients undergoing robot-assisted
minimally invasive esophagectomy (RAMIE) for esophageal cancer, as this approach causes even less surgical trauma to the patient
and has shown to lower postoperative pain scores and opioid consumption compared to OTE [26,27].

Currently there are no prospective studies, which compare the two standard clinical treatment options TEA and PCA in patients
undergoing RAMIE. The present pilot study investigates whether PCA is equally effective compared to TEA in this case. The additional
use of analgesics, respiratory parameters, length of stay at intensive care unit (ICU) and hospital as well as postoperative complications
are also analyzed.

2. Methods

This study was approved by the local ethics committee (Rhineland-Palatinate, Germany; registration number 837.512.17 (11346);
German trial register DRKS00019220). A prospective single-center observational pilot study was conducted for patients subjected to
RAMIE as a surgical treatment of esophageal cancer to investigate two common standard analgesic treatment options over 7 months.

Inclusion criteria were elective RAMIE as a treatment for esophageal cancer, written informed consent, age >18 years and
American Society of Anesthesiologists classification (ASA) status <3. Exclusion criteria were age <18 years, chronic pain syndrome,
preoperative use of opioids, polyneuropathy, psychological disorders e.g. depression and ASA status >4.

The patients received either TEA or PCA due to their informed consent of anesthesia given at the consultation by an anesthesi-
ologist, who was not involved in the study design and performance. If the patient has consented to both regimes, the procedure was
chosen by the anesthesiologist, who was also independent regarding the study project. Based on the recommendations of the local
ethics committee, the patients were not randomized to the procedures to ensure their option of the analgesic regime as long as possible
and hence the patients’ comfort.

2.1. Anesthetic management

Induction of anesthesia was performed intravenously with sufentanil (0.3-0.6 pg/kg), propofol (1.5-2 mg/kg) and rocuronium
(0.9-1 mg/kg). Additional boluses of sufentanil (0,1-0,2 pg/kg) were administered as needed. All patients were intubated with a
double-lumen endotracheal tube for single-lung ventilation. Patients obtaining TEA received an epidural catheter (27 G catheter
Perifix®, B.Braun, Melsungen, Germany) using an 18 G Tuohy needle. The epidural catheter was placed at thoracic level 7/8 or 8/9
interspace. The epidural space was identified by using the midline approach and the loss of resistance technique with normal saline.
Epidural block analgesia was induced with 10 ml of bupivacaine 0,125% followed by 5-10 ml bupivacaine 0,125% every hour during
surgery. PCA allocated patients received 3-5 mg piritramide as an iv bolus injection before the end of surgery and 1 g metamizole was
administered to every patient in both groups as a short-term iv infusion before the end of surgery.

2.2. Postoperative pain management

In the TEA group a continuous infusion of bupivacaine 0,125% and fentanyl 0,0002% with an infusion rate of 5-10 ml/h in the first
24 h postoperatively (patient-controlled bolus of 3 ml, lock-out time 20 min) was administered (CADD Legacy® PCA pumps, Smiths
Medical Inc., Minneapolis, USA). Hereafter, the regimen was changed to single bupivacaine 0,125% with a continuous infusion rate of
5-10 ml/h and patient-controlled bolus application (bolus 3 ml, lock-out time 20 min). PCA was started immediately in the PCA group
after admission on ICU. The device was programmed to deliver piritramide iv (bolus 1.5 mg, lockout time 10 min and a restricted dose
of 30 mg/4 h) on demand (Perfusor ® Space Syringe Pump, B.Braun, Melsungen, Germany). In addition, all patients of both groups
received 5 g of metamizole in 24 h via continuous iv infusion starting soon after admission to ICU.
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All patients were visited twice a day by an anesthesiologist during their hospital stay and pain medication was adjusted as needed.
The numeric rating scale (NRS) was used to document and measure the pain level. It comprises one item and represents the numbers
0 (no pain at all) to 10 (worst imaginable pain). Pain medication was adjusted by the following concept, if the NRS score was >4 during
rest:

e TEA: a bolus of 5-8 ml 1% lidocaine was administered. If analgesia remains inadequate, the epidural catheter was disconnected and
we switched to a systemic analgesia regimen.

e PCA: repeated iv boluses of 3-5 mg piritramide were applicated. If necessary, a higher iv bolus of piritramide via the PCA was coded
(bolus 2.5 mg, lockout time 10 min, restricted dose of 40 mg/4 h).

30 min after administration of rescue medication, the NRS score was re-assessed. With NRS >4, the dose of pain medication was
adjusted. In addition to the routine pain management assessments carried out twice a day by the resident of the department for pain
therapy, pain scores at rest, during elevation of the right arm (right-sided placement of single chest tube), while sitting up and during
maximum inspiration were evaluated at POD1, POD3 and POD7. Removal of the epidural catheter was on POD3 or 4 after a with-
drawal trial. Upon removal of the catheter, patients received up to 4 g metamizole per day iv and piritramide 15 mg subcutaneously on
demand. The same treatment was provided to patients in the PCA group as soon as they presented with a requirement of less than 30
mg piritramide iv in 24 h, which was usually at POD3 or 4. Moreover, the intraoperative placed right-sided chest-tube was removed
routinely at POD3 or 4 in both groups after the amount of fluid was less than 300 ml/24 h.

2.3. Postoperative management

All patients were extubated in the operating theater and were admitted to the intermediate (IMC) or intensive care unit (ICU)
hereafter. After spending at least 12 h in IMC/ICU hemodynamical and respiratory stable patients were discharged towards the surgical
ward. No feeding tubes were placed. All patients were placed on a nil per os routine for the first 3 days postoperatively. In absence of
clinical signs of anastomotic insufficiency, patients started with sips of water and the oral intake was gradually increased to solid food.
Postoperative esophageal swallow tests were not routinely performed. There was no enhanced recovery program.

Table 1
Patient demographics and tumor characteristics (n = 50).
PCA (n = 25) TEA (n = 25) P-value

Age (y) [median (minimum - maximum)] 70 (48-85) 63 (48-80) .14

Gender [n (%)] >.99
Male 22 (88) 22 (88)
Female 3(3) 33

BMI (kg/m?) [median (minimum — maximum)] 25 (15-46) 25 (18-32) .99

Comorbidity [n (%)]
No comorbidity 7 (28) 10 (40) .37
Vascular 8(32) 11 (44) .38
Cardiac 5 (20) 2(8) .22
Diabetes 5 (20) 5 (20) >99
Pulmonary 6 (24) 3(12) .27
Oncologic 2(8) 3(12) .64
Previous abdominal operation 7 (28) 6 (24) .75
Neurologic 0 (0) 2(8) .15

ASA score [n (%)] .34
2 13 (52) 13 (52)
3 12 (48) 12 (48)

Tumor location [n (%)] .93
Middle esophageal 4 (16) 4 (16)
Distal esophageal 17 (68) 16 (64)
GEJ 4 (16) 5 (20)

Tumor type [n (%)] .22
Adenocarcinoma 19 (76) 20 (80)
Squamous cell carcinoma 6 (24) 5 (20)

Operation type [n (%)] .73
Ivor-Lewis 25 (100) 24 (96)
McKeown 0(0) 14

Neoadjuvant treatment [n (%)] 11
No therapy 6 (24) 14
Chemotherapy 7 (28) 11 (44)
Chemoradiotherapy 12 (48) 13 (52)

Table 1: PCA = patient-controlled analgesia, BMI = body mass index, ASA = American Society of Anesthesiologists, TEA = thoracic epidural

analgesia.
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2.4. Outcome measures

The primary endpoint was postoperative pain assessed by NRS (0-10) at POD1, POD3 and POD7 after RAMIE. Secondary outcome
parameters were use of additional analgesia or side effects of the analgesic therapies (hypotension, paresthesia, nausea or vomiting),
differences in forced expiratory volume in 1 s (FEV1) at POD1, POD3 and POD7 corrected for preoperative FEV1 (flows measured with
COPD 6, Vitalograph Inc., United Kingdom), duration of intensive care and hospital stay. Postoperative complications were graded
according to the modified Clavien Dindo scale (MCDC) or Esophagectomy Complications Consensus Group (ECCG) definitions [28,29].

2.5. Statistical analysis

Sample size was calculated a priori for Wilcoxon-Mann-Whitney test for two groups. 24 participants would be required to find a
significant correlation of r = 0.85 at « = 0.05 (2-tailed) and a power of 80%.
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Fig. 1. Evaluated pain levels at different tasks and postoperative days

Fig. 1: Pain scores evaluated by numeric rating scale at rest, elevation of the right arm, bedside mobilization and at deep inspiration on POD1, 3 and
7 in PCA and TEA group (each group n = 25; mean +SD; A - D). Patients with TEA had lower median pain scores at arm movement (elevation to 90°)
at POD1 (TEA 2.0, PCA 4.0, p = 0.034, B), lower median pain scores at deep inspiration at POD1 (TEA 4.0, PCA 5.0, p = 0.043, D) and POD7 (TEA
1.0, PCA 2.5, p = 0.014, D) as well as lower median pain scores at POD7 at rest (TEA 1.0, PCA 1.5, p = 0.041, A). PCA = patient-controlled
analgesia, TEA = thoracic epidural analgesia, POD = postoperative day.
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All analyses were performed according to the intention-to-treat (ITT) principle. To evaluate significance of differences between
groups, the X2 test was used as appropriate for categorical variables and the Student T-test and nonparametric Mann-Whitney U test for
continuous variables. Differences over time, pain scores and FEV1 results between and within treatment groups were assessed using
linear mixed-effects models adjusted for the baseline value. For the association between risk factors and hospital stay univariable and
multivariable regression analysis were performed. All reported P-values were 2 sided. Significance level was set at 0.05.

3. Results

Among the 55 screened patients undergoing RAMIE as a treatment of esophageal cancer from April 2018 to December 2019 51
meet the inclusion criteria. One patient did not receive surgery due to withdrawal of consent for surgery. Finally, 50 out of 51 eligible
patients gave informed consent of whom 25 patients received TEA and 25 patients received PCA for postoperative analgesia. In every
group 3 patients (12%) were female, and the median age was 70 (48-85) years in the PCA and 63 (48-80) years in the TEA group.
There were no differences in baseline characteristics between groups (Table 1). In the PCA group, there were 19 adenocarcinoma and 6
squamous cell carcinoma. 20 adenocarcinoma and 5 squamous cell carcinoma occurred in the TEA group. Detailed information about
cancer classification is available in the supplements.

Patients with TEA had lower median pain scores at arm movement (elevation to 90°) at POD1 (TEA 2.0, PCA 4.0, p = 0.034), lower
median pain scores at deep inspiration at POD1 (TEA 4.0, PCA 5.0, p = 0.043) and POD7 (TEA 1.0, PCA 2.5, p = 0.014) as well as lower
median pain scores at POD7 at rest (TEA 1.0, PCA 1.5, p = 0.041; Fig. 1, Table 2) assessed by NRS. Furthermore, fewer patients in the

Table 2
Postoperative results for patients undergoing RAMIE.
PCA (n = 25) TEA (n = 25) P-value
Pain rest
NRS POD1 3.00 (0-7) 1.00 (0-7) .09
NRS POD3 3.00 (0-10) 2.00 (0-8) .42
NRS POD7 1.50 (0-7) 1.00 (0-4) .041
Pain elevation arm
NRS POD1 4.00 (0-10) 2.00 (0-10) .03
NRS POD3 4.00 (0-10) 2.00 (0-8) .14
NRS POD7 1.00 (0-7) 1.00 (0-4) 12
Pain mobilization bed side
NRS POD1 4.50 (1-10) 2.00 (0-9) 1
NRS POD3 3.00 (1-10) 2.00 (0-8) .24
NRS POD7 1.00 (0-7) 1.00 (0-4) .09
Pain deep inspiration
NRS POD1 5.00 (1-8) 4.00 (0-9) .04
NRS POD3 4.50 (1-10) 3.00 (0-9) 11
NRS POD7 2.50 (0-7) 1.00 (0-5) .014
FEV1 (1/s)
POD1 1.16 1.05 .81
POD3 1.14 1.29 47
POD7 1.65 1.92 1
Bupivacaine 0.125% in ml cumulative
POD1 176 (84-371)
POD3 521 (176-889)
POD7 569 (176-1518)
Piritramide iv in mg cumulative
POD1 32 (3-70) 0 (0-22)
POD3 39.25 (3-168) 0 (0-110)
POD7 39.25 (3-324) 0 (0-225)
Piritramide sc in mg cumulative
POD1 0 (0-15) 0 (0-15)
POD3 0 (0-15) 0 (0-45)
POD7 0 (0-45) 15 (0-112.5)
Metamizole iv [n (%)]
POD1 23 (92) 19 (76) 12
POD3 23 (92) 15 (60) .008
POD7 16 (64) 13 (54) .48
Side effects [n (%)]
Sedation 0 0
Nausea/Vomiting 0 0
Motor blockade 14
Catheter displacement 4 (16)
Use of rescue medication 4 (16) 4(16)
Altered analgesia (TEA — PCA) 3(12)

Table 2: Data are presented as median (min — max). PCA = patient-controlled analgesia, TEA = thoracic epidural analgesia, NRS = numeric rating
scale, POD = postoperative day, FEV1 = forced expiratory volume in 1 s.
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TEA group received additional analgesia with metamizole (POD1 TEAn =19, PCAn =23, p =0.123 and POD3 TEAn = 15, PCAn =
23, p = 0.008; Table 2).

There were no differences in median FEV1 at POD1 (TEA 1.05, PCA 1.16, p = 0.808), at POD3 (TEA 1.29, PCA 1.44, p = 0.473) and
at POD7 (TEA 1.92, PCA 1.65, p = 0.104; Table 2).

Rescue medication was applied 4 times in the TEA group (2 after unnoticed disconnection of the catheter) and 7 times in the PCA
group (twice in 3 patients). One patient in the TEA group developed a Bromage motor blockade with a score of III on the evening of
surgery which was subsiding after reduction of the infusion rate (Table 2).

Median day of TEA removal was at POD4. In 3 out of 25 patients (12%) of the TEA group, the catheter was dislocated intra-
operatively or could not be placed preoperatively. These patients received a PCA instead. One patient (4%) of the TEA group had a
dislocation or blockage of the epidural catheter on POD2 and received the standard treatment equal to the patients after planned
catheter removal. According to the intention to treat principle, all aforementioned patients were analyzed in the TEA group.

There were no differences in postoperative complications between groups. However, there was a difference in postoperative
hospital stay in favor of patients receiving TEA (10 days) compared to patients who received PCA (13 days) (p = 0.034; Table 3).
Multivariable regression analysis showed that TEA was an independent predictive variable for reduced length of hospital stay after
RAMIE (p = 0.034; Table 4).

4. Discussion

This is the first prospective study comparing TEA to PCA regarding postoperative pain management in patients undergoing RAMIE
for treatment of esophageal cancer, designed as an observational pilot study. TEA was associated with lower median pain scores
without any motor blockade. Thus, mobilization of the patient was not affected by TEA. Furthermore, TEA was independently
associated with reduced length of hospital stay compared to patients receiving PCA after RAMIE.

TEA remains the gold standard of perioperative analgesia in case of open esophagectomy [30,31]. Regarding MIE the best analgesic
regimen is ambiguous. Supporting the less invasive technique of RAMIE there are several observational studies showing lower
postoperative pain scores and lower opioid consumption after RAMIE compared to OTE [26,27]. Some data attribute beneficial effects
to PCA compared to TEA and paravertebral blocks (PVB), others to PVB compared to TEA [25,30,32,33]. However, enhanced recovery
programs following open or video-assisted thoracoscopic surgery still recommend TEA as the preferred analgesic regimen [34,35].
Regarding thoracotomies in general PVB seemed to be comparable to TEA with no difference in analgesic efficiency or major com-
plications like hematomas but with a lower incidence of hypotension [36]. In case of robot-assisted thoracic surgery (RATS) there is
some data showing lower pain scores and less use of rescue medication using TEA in comparison to PCA combined with intercostal
nerve block [37]. Unknown is the optimal analgesic approach for patients undergoing RAMIE for esophageal cancer so far. Considering
the robotic technique involves much less surgical trauma, PCA as the less invasive analgesic regimen was hypothesized to be sufficient
for pain relief. One meta-analysis investigated postoperative pain management after OTE and MIE with mainly open surgical ap-
proaches (n = 8) including 5 randomized trials and 5 cohort studies [25]. This meta-analysis determined no differences in post-
operative pain relief between TEA and PCA, temporary observed for 48 h. Only two included studies monitored length of hospital stay
(LOS) without any differences [25].

Interestingly, in the present pilot study TEA was proven superior to PCA with better postoperative pain scores and shorter length of
hospital stay (Tables 2 and 3). The positive effect of TEA on the length of hospital stay could be explained by better and earlier
mobilization due to adequate pain control. As part of a multimodal concept, pain therapy especially with the use of regional anesthesia
is a key component to enhanced recovery protocols [35]. A positive influence on pain memory due to a prevented memorized painful

Table 3
Postoperative complications after esophagectomy.
PCA (n (%)) TEA (n (%)) P-value

Postoperative complications 12 (48) 7 (28) .15
Anastomotic leakage 2(8) 0(0) .49
Pulmonary complications 6 (24) 4 (16) .48

Pneumonia 3(12) 3(12) >.99
RLN paralysis 14 14 >.99
Chyle leakage 3(12) 0 (0) .07
Cardiac complications 3(12) 14 .3

Atrial fibrillation 3(12) 14) .3
Wound infection 14 0(0) .3
Delayed gastric emptying 14 0 (0) .3
Urinary tract infection 14 14 >.99
Hospital stay in days [Median] 13 10 .03
ICU stay in days [Median] 1 1 .09
Readmission ICU 3(12) 14) .
Readmission hospital in 30 days 4 (16) 14 .16
IHM 30 days 0(0) 14 .
THM 90 days 0 (0) 14 .3

Table 3: PCA = patient-controlled analgesia, TEA = thoracic epidural analgesia, RLN = Recurrent laryngeal nerve, IHM = in-hospital mortality,
ICU = intensive care unit.
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Table 4
Univariable and multivariable analysis of the association between risk factors and hospital stay for esophagectomy patients.
Unadjusted HR (95% CI), univariable P-value Unadjusted HR (95% CI), multivariable P-value
Characteristic
Overall complications —0.912 (-5.881-4.056) 0.713
Anastomotic insufficiency —1.320 (-10.199-7.560) 0.766
Pulmonary complications 0.580 (-5.441-6.602) 0.847
Cardiac complications —1.903 (-8.700-4.894) 0.575
Length of hospital stay —3.457 (-7.107--0.193) 0.063 —3.560 (-6.838—-0.282) .03

PCA versus TEA

Table 4: HR = hazard ratio, CI = confidence interval.

event may be a fundamental mechanism [38,39]. Hypotension is an unfavorable concomitant of TEA accompanied by the potentially
increased risk of anastomotic insufficiency [25]. The present data did not show any differences in anastomotic insufficiency or other
complications between groups (Table 3).

The main limitations of this prospective pilot study are the small sample size and the observational single-center design.
Furthermore, the observation period was short and no statement on the long-term outcome could be given. The group size follows the
calculation of the local statistical institute and the observational design is based on recommendation of the local ethics committee. As
this study was performed as an initial pilot study, the provided information is of great value having the mentioned limitations in mind.

With latter techniques available such as paravertebral analgesia, one could argue what the best method may be in this patient
population. Retrospective case series suggest that paravertebral analgesia is associated with less technical failure and reduced inci-
dence of hypotensive events, both could promote postoperative recovery [40,41]. Based on these retrospective results, a prospective
multicenter randomized controlled trial comparing paravertebral and epidural analgesia regarding perioperative outcomes and
treatment costs in patients undergoing MIE is performed in the Netherlands with expected results by 2023 [42]. Until illuminating
insights are forthcoming, TEA should be the favored option based on the current results and literature.

5. Conclusions

According to this prospective observational pilot study TEA seems to be more effective in providing pain relief for patients un-
dergoing RAMIE compared to PCA although RAMIE causes less surgical damage and in turn likely less pain than MIE. TEA provided
better postoperative analgesia despite less additional analgesic co-medication. Furthermore, TEA was independently associated with a
shorter length of hospital stay compared to PCA. Based on results of this pilot study, TEA should be taken in consideration as the
preferred analgesic treatment option for patients undergoing RAMIE as treatment of esophageal cancer until randomized controlled
trials prove otherwise.
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