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Background: Hepatic resection is a major abdominal surgery with challenging pain management. We aimed to investigate the effect
of erector spinae plane block (ESPB) with opioid free anesthesia (OFA) in cirrhotic patients scheduled for liver resection on
perioperative pain management in terms of hemodynamic stability. Secondarily, we assessed time to first request for analgesia and
perioperative fentanyl consumption, nausea and vomiting within 24 hours after surgery.
Methods: Forty patients were randomized to block group (n = 20): OFA with ESPB and conventional group (n = 20): conventional
balanced anesthesia with opioids (OFA associated non-opioid drugs [dexmedetomidine, magnesium sulfate, xylocaine, and acetami-
nophen] and ESPB). Bilateral ESP block was done with ultrasound guidance at the level of thoracic vertebrae T 6–7, the local
anesthetic dose was 20 mL Bupivacaine 0.25% with adjuvant dexmedetomidine (0.5 µg/kg) on each side. We monitored hemodynamic
stability as the primary endpoint (heart rate, mean arterial blood pressure, and cardiac output).
Results: Bilateral ESPB offered somatic and visceral analgesia for hepatic resection patients with no intraoperative fentanyl required.
Postoperatively, the block group with dexmedetomidine adjuvant to the local anesthesia drugs showed delay in the first request for
analgesia (p = 0.092) and decreased fentanyl requirement (p < 0.001), so no patient in the ESP group suffered from postoperative
nausea and vomiting compared to 50% in the conventional group (p < 0.001).
Conclusion: Bilateral ESP block with OFA is an effective approach for intra- and postoperative analgesia in cirrhotic patients
undergoing liver resection.
Keywords: hepatic surgery, cirrhosis, coagulopathy, pain management

Introduction
Hepatic resection is a major abdominal surgery with challenging pain management and a remarkable risk for post-
operative pulmonary complications. It affects liver function, especially in cirrhotic patients with loss of functional
hepatocytes.1 Epidural analgesia has shown decreased pain scores and side effects compared to systemic intravenous
analgesics following open abdominal surgery. However, complications of epidural analgesia include a varying incidence
of post-dural puncture headache, local anesthetic systemic toxicity, spinal hematoma, abscess, and hypotension which
should be considered. Epidural catheter removal can also be delayed following liver resection due to postoperative
coagulopathy.2

Cirrhotic patients can benefit from opioid free anesthesia (OFA) as they are most sensitive to opioids’ deleterious side
effects.3 OFA is a multimodal procedure combining non-opioid drugs and regional anesthesia techniques that allow
a better quality of anesthesia and patient satisfaction.4 The simultaneous use of non-opioid analgesic drugs (eg,
dexmedetomidine, magnesium sulfate, xylocaine, and acetaminophen) can have a synergistic effect that improves
postoperative analgesia and prevents opioid-related adverse effects (nausea, vomiting, ileus, sedation, and respiratory
depression) while facilitating early movement.5 OFA can fulfill the implementation of enhanced recovery after surgery
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(ERAS) protocols designed for rapid recovery after major operations, supporting organ function, and decreasing stress
response caused by surgical trauma.6

Erector Spinae Plane Block (ESPB) was first described in 2016 by Forero et al,7 as a regional anesthetic technique.
Local anesthetic injected into this erector spinae fascial plane spreads in a craniocaudal fashion over several levels and to
the thoracic paravertebral space, thereby targeting the dorsal and ventral rami of the spinal nerve.8 Thus, it can provide
both somatic and visceral sensory blockade, making it an ideal regional anesthetic technique for abdominal surgery. The
significant advantages of ESP block compared to epidural or paravertebral block relate to the relative ease, simplicity,
safety of the block with fewer pneumothorax risks, and the risk of coagulation abnormalities usually suffered by the
cirrhotic patient.

Dexmedetomidine is a potent α2 agonist and is a powerful adjuvant to regional anesthesia and analgesia. It can
prolong the duration of the nerve block anesthesia resulting in increased effectiveness of the block in terms of duration,
less use of opioids, and shorter hospital stay in the absence of clinically significant side effects (hypotension, nausea,
vomiting, and pruritus).9,10

The primary goal of this study was to investigate the effect of ESP block with OFA in cirrhotic patients scheduled for
liver resection on intraoperative and postoperative hemodynamics. The secondary objective was to assess the total
intraoperative, postoperative fentanyl consumption, postoperative nausea and vomiting, and time to first request for
analgesia according to 10 cm NRS for pain within 24h after surgery.

Materials and Methods
All procedures performed in this study were in accordance with the institutional research committee’s ethical standards of
National Liver Institute, Menoufia University, and with the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. All patients signed informed written consent approved by the local ethics committee at
National Liver Institute, Menoufia University.

This was a randomized controlled trial which included 43 patients undergoing hepatic resection. Approval was
obtained from the Institutional Review Board and ethics committee of the National Liver Institute, Menoufia University,
Egypt (NLI IRB 00234/2020). This trial was prospectively registered with the Pan African Clinical Trial Registry
(PACTR202101816486275) on January 26, 2021 and started on January 27, 2021, and ended on April 14, 2021. Registry
URL; https://pactr.samrc.ac.za/TrialDisplay.aspx?TrialID=14621.

Patients were randomized into two groups, using a random number generator in sealed opaque envelopes. One group
received opioid free anesthesia with erector spinae plane block (n=22) where two patients were excluded from the
analysis due to hemodynamic instability. The conventional group received conventional balanced anesthesia with opioids
(n=21) and patient was excluded from the analysis due to uncontrolled hypertension as the patient had undiagnosed
hypertension.

Patients were aged 18–65 years, of both sexes. The inclusion criteria were cirrhotic candidates for hepatic resection
with Child classification (A). Exclusion criteria were applied to patients with pre-existing significant acute liver failure.
Patients who suffered from major intraoperative events (eg, severe hemodynamic instability, massive blood loss, massive
blood products transfusion), patients who were allergic to any of the study drugs, those with opioid addiction, body mass
index higher than 40 kg/m2 and unwilling to participate in the study were excluded.

Anesthesia monitoring included a standard for basic anesthetic monitoring: fraction inspired oxygen concentration,
fraction inspired and expired anesthetic agent, continuous invasive blood pressure monitoring (IBP; mm Hg), continuous
central venous pressure monitoring (cmH2O), and urine output (mL/hour). Electrical Cardiometry (EC) monitor (Osypka
Medical GmbH, Berlin, Germany) was used for corrected flow time (FTc)-guided perioperative fluid optimization and
cardiac output (L/min) monitoring. The Bispectral Index (BIS) monitor (Aspect Medical Systems Inc., Newton, MA,
USA) was used for anesthesia depth monitoring.

Anesthetic Technique
After pre-oxygenation using O2/Air mixture (FiO2 =0.8) for 3–5min, in the conventional group, general anesthesia was
induced with an intravenous dose of Propofol (1.5–2 mg/kg), Fentanyl 2µg/kg and Rocuronium administered (0.9mg/kg)
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to facilitate tracheal intubation. Then opioids were used in the maintenance of anesthesia to maintain appropriate
hemodynamics.

In the block (ESPB) group, anesthesia was started with a dose of Propofol (1.5–2 mg/kg), Rocuronium (0.9 mg/kg),
Xylocaine 60 mg, and Magnesium sulfate 1gm was infused with the induction and Dexmedetomidine infusion (0.7 µg/kg/h)
followed by tracheal intubation. For maintenance, Dexmedetomidine infusion (0.2–0.7 µg/kg/h) was used to obtain appro-
priate hemodynamics. Then, bilateral erector spinae plane block guided by ultrasound at the level of thoracic vertebrae (T 6–7)
was done. The local anesthetic dose was 20 mL Bupivacaine 0.25% with additive Dexmedetomidine (0.5µg/kg) on each side.

In all patients, mechanical ventilation was initiated using pressure regulating volume-target mode, and ventilator
settings included a TVof 6–8 mL/ kg of ideal body weight with the optimum PEEP for each patient. It was performed in
all patients using a semi closed system (Datex Ohmeda GE, USA) adjusted to keep SaO2 > 95% and end-tidal CO2

between 35–45 mmHg.
An intermittent bolus of Rocuronium (0.15 mg/kg) was administered to provide balanced general anesthesia

according to the results of the train-of-four (TOF). Anesthesia was maintained with Sevoflurane in O2/Air mixture
(FiO2 =0.4). End-tidal Sevoflurane concentration was adjusted to keep BIS between 40–60.

Erector Spinae Plane Block Technique
The patients were placed in the lateral position, then the skin was disinfected with 2% chlorhexidine in 70% alcohol, and
a 2- to 5-MHz curved-array ultrasound transducer (SonoSite Edge, Bothell, Washington) was placed in a transverse
orientation to identify the right lateral tip of the T7 transverse process corresponding to the inferior angle of the scapula.
The transducer was then rotated 90 degrees into a longitudinal parasagittal orientation over the transverse processes to
reach T5. The trapezius and erector spinae muscles were identified superficial to the acoustic shadow of the transverse
processes. A 22-gauge, 80-mm block needle (Pajunk, Geisingen, Germany) was inserted in a cephalad-to-caudad
direction until the tip lay on the tip of the transverse process. Fluid, 0.5–1 cm saline, was injected to confirm correct
needle tip position by visualizing spread under erector spinae muscle, then local anesthetic was injected.

Analgesia in the ICU
After surgery, all patients were transferred and stabilized in the ICU, then pain assessment was done according to the numerical
pain score. When the patient showed a score of five or more, bolus fentanyl 0.5 µg/kg was given. After the first demand for
analgesia and fentanyl bolus was given in the conventional group, a fentanyl infusion of 0.5 µg/kg/h was maintained. In the block
group, acetaminophen 1 g/6h was given, then with pain complaint (NRS score of five or more) a fentanyl bolus was given.

Measurement times during the perioperative course of liver resection were: baseline before anesthesia (T0), after
induction of general anesthesia (T1), 10 minutes after the ESP block (T2), at the skin incision (T3), every one hour
during the surgery (T4-6), postoperatively after transportation and stabilization in the ICU (T7) and after 2, 6, 12, 18 and
24 hours in the ICU (T8-12).

Demographic data included age (years), sex, and BMI (kg/m2). Systemic hemodynamics were heart rate (beat/min),
mean arterial blood pressure (mmHg), and cardiometry derived variables of cardiac output (CO) (l/min). Intraoperative
data included total intraoperative fentanyl consumption; catecholamine drug support requirements, blood product
transfusion requirements, and time of surgery. Postoperatively patients were assessed at the first 24h for; time to first
request for analgesia according to the 10 cm numeric rating scale (NRS) for pain score, postoperative nausea and
vomiting (PONV), and postoperative pulmonary complication (pneumothorax requiring chest tube placement).

Statistical Methodology
The required sample size was found to be 20 patients per group (number of groups=2) (total sample size=40 patients).11

The sample size was calculated using G Power version 3.1.9.2.12 The allocation sequence was generated using permuted
block randomization technique and the block size was variable. Allocation sequence/code was concealed from the person
allocating the participants to the intervention arms using sealed opaque envelopes. Double-blinded approach was
adopted. Masking/blinding was employed to participants and statistical analysis team who were blinded to group
allocation of patients.
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Data were collected and entered into the computer using SPSS (Statistical Package for Social Science) program for
statistical analysis (ver 21).13 Data were entered as numerical or categorical samples by Friedman test. Pair-wise comparison,
when Friedman test was significant, was carried out using Dunn-Sidak method. Z-test for independent proportions is used to
compare two independent proportions. An alpha level was set to 5% with a significance level of 95%, and during the sample
size calculation phase a beta error was accepted up to 20% with a power of study of 80%, as appropriate. Comparisons were
carried out between two studied independent not-normally distributed subgroups using Mann–Whitney U test.

Results
Forty-three cirrhotic patients scheduled for liver resection were enrolled and randomized into the block group (n = 22),
where two patients were excluded from the analysis, and conventional group (n = 21) where one patient was excluded
from the analysis. The Consolidated Standards of Reporting Trials (CONSORT) flow chart is presented in Figure 1.

The preoperative demographics were comparable, including age, sex and body mass index (BMI) (Table 1). The
following data are presented as median values (IQR) for block versus conventional groups, respectively.

Figure 1 CONSORT flow diagram.
Notes: Adapted from: Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 Statement: Updated Guidelines for Reporting Parallel Group Randomised
Trials. PLoS Med. 2010;7(3):e1000251. Copyright: © 2010 Schulz et al. Creative Commons Attribution License.28
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Blood pressure preoperative level was higher in the block group than conventional group: 95.5 (87.0–100.5) versus
89.0 (81.0–93.0), and that was statistically significant (p=0.019) although intraoperative BP was lower in the block group
than the conventional group, and that was statistically significant except at T1 and T2 which were not statistically
significant as shown in Figure 2.

Heart rate intraoperatively showed lower level in the block group than the conventional group, and that was
statistically significant at T3 and T6: 75.5 (71.0–84.0) and 78.0 (73.5–85.0) versus 83.5 (80.5–87.5) and 85.5 (83.50–
90.0), (p=0.021, p=0.015) respectively. Postoperative heart rate was also lower in the block group than the conventional
group, and that was statistically significant at T8: 77.0 (74.0–87.0) versus 92.0 (77.5–95.5) (p=0.004) (Figure 3).
Perioperative cardiac output measurements were not statistically significantly different between both groups (p>0.05)
(Figure 4).

Table 1 Demographic Data of Patients in the Block and Conventional Groups

Block Group (n=20) Conventional Group (n=20) Test of Significance

Age (years)
-Min-Max

-Median (1Q-3Q)

21.00–63.00

60.00 (53.50–61.50)

21.00–63.00

60.00 (53.50–61.50)

Z(MW)=0.138

p=0.890 NS
Sex
-Male

-Female

10 (50.0%)

10 (50.0%)

7 (35.0%)

13 (65.0%)

χ2(df=1)= 0.921

p=0.337 NS
Body Mass Index (BMI) (kg/m2)
-Min-Max

-Median (1Q-3Q)

19.00–36.00

30.00 (28.00–33.00)

18.00–40.00

31.00 (22.00–36.00)

Z(MW)=0.665

p=0.506 NS

Abbreviations: n, number of patients; Min-Max, minimum – maximum; 1Q-3Q, first quartile – third quartile; MW, Mann–Whitney test; χ2, Pearson Chi-squared
test; df, degrees of freedom; NS, statistically not significant (p≥0.05).

Figure 2 Box and whisker graph of mean blood pressure (mmHg) in the studied groups, the thick line in the middle of the box represents the median, the box represents
the interquartile range (from 25th to 75th percentiles), the whiskers represent the minimum and maximum after excluding outliers (circles) and extremes (black asterisks),
the * is for statistical significance (p<0.05).
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Intraoperative fentanyl consumption was not planned in the block group while in the conventional group its median
was 500.0 (400.0–500.0) mic. Postoperative fentanyl consumption (mic) was statistically significantly lower in the block
group compared with the conventional group: 50.0 (50.0–80.0) versus 930.0 (800.0–1150.0) respectively. The time (min)

Figure 3 Box and whisker graph of heart rate (beats/min) in the studied groups, the thick line in the middle of the box represents the median, the box represents the
interquartile range (from 25th to 75th percentiles), the whiskers represent the minimum and maximum after excluding outliers (circles) and extremes (black asterisks), the *
is for statistical significance (p<0.05).

Figure 4 Box and whisker graph of cardiac output (L/min) in the studied groups, the thick line in the middle of the box represents the median, the box represents the
interquartile range (from 25th to 75th percentiles), the whiskers represent the minimum and maximum after excluding outliers (circles) and extremes (black asterisks), the *
is for statistical significance (p<0.05).
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to the first request for analgesia postoperatively was statistically significantly longer in the block group versus the
conventional group: 1080.0 (840.0–1170.50) versus 27.5 (15.0–30.0) respectively (p<0.001). The number of patients who
suffered from postoperative nausea and vomiting was lower in the block group versus the conventional group (0/20 vs
10/20; p<0.001) (Table 2).

Both the need for intraoperative catecholamine and the median time of surgery (hours) were comparable between
both groups (p=0.693, p=0.148; respectively). No patient required blood products.

Discussion
Hepatic resection in cirrhotic patients is a major abdominal surgery with challenging pain management due to extended
subcostal incision, rib retraction, as well as diaphragmatic and peritoneal irritation which have both visceral and somatic
components14 with risk of coagulopathy. The role of epidural has been questioned due to the risk of epidural hematoma
caused by the possible prolonged prothrombin time after liver surgery.15 It acts through sympathectomy resulting in
hypotension and increased need for fluids and vasopressors.

Our patients who experienced ESP block with acetaminophen, magnesium sulphate, xylocaine, and dexmedetomidine
as multimodal anesthesia with no opioids showed intraoperative hemodynamic stability in blood pressure, pulse and
cardiac output when compared with the conventional method of anesthesia. Similarly, Fiorelli et al16 concluded that ESP
blocks resulted in lower intraoperative opioid consumption, lower postoperative pain scores over 48 h, decreased
postoperative pulmonary complications, and increased patient satisfaction after open thoracotomy.

Maddineni et al17 reported a successful outcome of ESP as a replacement for gold standard epidural analgesia in
achieving effective pain control following hepatic surgery. Similarly, a study by Gürkan18 has shown that US-guided ESP
block and PVB provided adequate analgesia in patients undergoing breast surgery and have an opioid sparing effect by
reducing morphine consumption.

The rare but dangerous risk of pneumothorax with the paravertebral block is much less of an issue with ESP block as
this block showed great potential as part of an enhanced recovery protocol for major abdominal surgery.19 Other effective
alternative blocks can provide both somatic and visceral pain relief, Rhomboid intercostal block, but the maximal spread
with this approach is only between T2-T9,20 and Quadratus Lumborum block is technically more difficult, invasive, and
may even result in motor weakness.21

This trial demonstrated effective results of ESP block on pain management among liver resection patients when
combined with opioid free anesthesia. Forero et al in 20167 described the ESP block as a new regional block to treat
neuropathic thoracic pain. After that, the block has been used to manage acute and chronic pain with its ease of use and
low complications for different surgeries.

Table 2 First Time to Request Analgesia, Postoperative Fentanyl Consumption and Nausea and Vomiting in Block and Conventional
Groups

Block Group (n=20) Conventional Group (n=20) Test of Significance

First time to request analgesia (minutes)
-Min-Max

-Median (1Q-3Q)

540.00–1440.00

1080.00 (840.00–1170.00)

15.00–30.00

27.50 (15.00–30.00)

Z(MW)= 5.475

p=<.001*
Postoperative fentanyl consumption (mic)
-Min-Max

-Median (1Q-3Q)

40.00–100.00

50.00 (50.00–80.00)

400.00–1200.00

930.00 (800.00–1150.00)

Z(MW)= 5.458

p=<.001*
Postoperative nausea and vomiting
-n

-% within group
-% within event

0

0.00%
0.00%

10

50.00%
100.00%

Z=3.6515

p=<.001*

Note: *Statistically significant (p<0.05).
Abbreviations: n, number of patients; Min-Max, minimum – maximum; 1Q-3Q, first quartile – third quartile; MW, Mann–Whitney test.
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ESP block included local anesthetic injection below the erector spinae muscle on the transverse process which involves
the spread in the paravertebral space leading to effective analgesia for somatic and visceral pain. It has shown a wide
craniocaudal distribution of the local anesthetic. Nevertheless, many studies, such as Aponte et al’s22 described that the
injection of 20mL of fluid at the T7 level determines diffusion from the upper thoracic vertebral segments to the lumbar ones.

We used the same volume of 20mL of bupivacaine 0.25% on each side; it did not exceed referred toxic levels in our
cirrhotic patients; Yassen et al23 used this LA dose, more safely, in transverse abdominis plane and rectus sheath space
block in cirrhotic patients undergoing liver resection.

In our research, we added dexmedetomidine (0.5µg/kg) on each side to the LA; we noted a prolonged time of the block
and delayed first request for analgesia postoperatively with less pain intensity during the first 24h. Simultaneously Marhofer
and Kettner24 demonstrated that dexmedetomidine effectively doubled the effectiveness and prolonged the peripheral nerve
block to 60% with better postoperative analgesia and lower total PCA use during the first 72 h postoperatively.

Gao et al’s9 study showed that the efficacy of dexmedetomidine is comparable to that of dexamethasone, which is
already widely used as an adjuvant with regional anesthesia. It provides effective acute pain control resulting in less
rescue analgesia and shorter hospital stays.

Our experience of ESP block with opioid free anesthesia was fruitful in reducing postoperative opiate analgesia
requirement, reduced incidence of nausea and vomiting, and earlier discharge from ICU. In line with this, Piangatellia
et al25 proved that a combination of ESP block on one side and TAP block on the other side was an effective approach for
intra- and postoperative analgesia in parkinsonian patients undergoing laparoscopic right liver resection.

Our goal results matched Yao’s26 findings that thoracic ESP block improved postoperative pain control and decreased
breakthrough analgesic requirement, and also the results of Singh et al27 in reducing the incidence of nausea and
vomiting, shorter stay in the ICU, and increased patient satisfaction.

One of our interesting findings were that in the Block group patients needed less end-tidal Sevoflurane concentration
to keep BIS between 40–60. The other one we faced in the ICU was that patients after ESP at the level of T6-7
complained of slight epigastric pain that was relieved by acetaminophen and antispasmodic.

Conclusion
Bilateral ESP block with OFA is an effective approach for intra- and postoperative analgesia in cirrhotic patients undergoing
liver resection regarding reduced opiate analgesia requirement, reduced incidence of nausea and vomiting, and no rebound
pain in recovery with the delayed first request for analgesia. Future studies are required to investigate the ideal infusion
regimen for continuous ESP blocks and which anesthetic and analgesic adjuvants should be included in that regimen.
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