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Abstract
The most common anesthetic approach in hepato-pancreatic-biliary (HPB) surgery is general anesthesia (GA), but it may 
result in increased morbidity and mortality and peri-operative risks especially in frail patients. The aim of this study was to 
assess the safety and effectiveness of neuraxial anesthesia (NA) in HPB in a pilot clinical series. This analysis was conducted 
on 46 consecutive patients undergoing HPB surgery in an Italian Tertial referral center. Data were prospectively collected 
and retrospectively analyzed. continuous spinal anesthesia (CSA), combined spino-epidural anesthesia (CSEA) and peridural 
anesthesia (PA) were used in major and minor hepatectomies and bilio-pancreatic surgery instead of GA. NA was evalu-
ated by analyzing the surgical and anesthesiological short-term outcomes. 46 patients were considered eligible for the study 
between February 2018 and May 2020. The average age was 69.07 (±  9.95) years. 22 were males and 24 were females. 
According to the ASA score, 19 (41.30%) patients had ASA II, 22 (47.83%) had ASA III and 5 (10.87%) had ASA IV. 22 
(47.83%) patients underwent CSA, 20 (43.48%) CSEA and 4 (8.69%) PA. We performed 8 major and 19 minor hepatecto-
mies, 7 bilio-digestive derivations, 5 Whipple procedures, 4 iatrogenic biliary duct injuries, 2 splenopancreatectomies and 
1 hepatic cyst fenestration. Clavien–Dindo ≥ 3 was observed in 3 patients. The conversion rate to endotracheal intubation 
occurring in 3 of 46 (6.52%) patients. After surgery, no local or pulmonary complications and delirium were reported in 
our series. The present study demonstrates that NA is a safe and feasible option in selected patients, if performed in referral 
centers by well-trained anaesthesiologists and surgeons.
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Introduction

Nowadays, most malignancies that require surgery are diag-
nosed in elderly patients [1, 2].

Comorbidities and frailty grant patients an inter-individ-
ual variability that needs to be checked before, during and 
after surgery to best manage both anesthetic and surgical 
treatment [3–7].

In particular, hepato-pancreatic-biliary (HPB) surgery is 
one of the most challenging surgical fields because of the 
multiple metabolic imbalances that may occur during the 
peri-operative course [8–10].

Patients who undergo HPB surgery are more often old 
[11, 12] presenting a high anesthetic risk assessed in terms 
of the American Society of Anesthesiologists (ASA) score 
[13, 14] and multiple morbidities like chronic obstructive 
pulmonary disease (COPD) [15], insulin-dependent diabetes 
mellitus (DM) [16], and previous cardiovascular injuries [2, 
17, 18].

Therefore, the best anesthetic techniques are needed to 
achieve the optimal surgical stress management. Good pain 
control, early mobilization and rapid recovery have been 
advocated to reduce the incidence of complications [19].

HPB surgery is usually performed under general anes-
thesia (GA), due to the long operative time and the aim to 
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better manage hemodynamic parameters during interven-
tions minimizing the blood loss risk [20, 21].

Nevertheless, in many large series, a high rate of compli-
cations has been reported for major HPB surgery in high-risk 
patients [22, 23]. GA may result in increased morbidity and 
mortality and peri-operative risks especially in frail patients 
due to invasive ventilation, induced liver stress related to 
drug metabolism and a higher incidence of post-operative 
delirium and subsequent loss of cognitive function [21, 24].

To overcome injuries potentially associated with GA, 
neuraxial anesthesia (NA) is gaining increasing consent and 
attention as an alternative anesthetic management during 
abdominal and thoracic surgery [25–27].

At present, the use of NA in COVID-19 patients may con-
sistently help to overcome major intra- and post-operative 
challenges related to pulmonary impairment and minimize 
the high infection risk during orotracheal intubation [28–30].

Despite the widespread use of regional anesthesia in sev-
eral surgical fields, there are no substantial evidences in the 
literature concerning major HPB surgery with NA.

The only study published so far using epidural anesthesia 
(EA) in HPB surgery accounts for a preliminary experience 
of ten cases with a relatively high number of post-operative 
complications [31].

Later on, a single case report on a left lateral sectionec-
tomy during EA using a laparoscopic approach was pub-
lished by the same surgical group [32].

In this pilot study, we prospectively investigated the use 
of NA in HPB patients in a large series of 46 patients.

Therefore, the primary endpoint was to demonstrate the 
safety and feasibility of NA in HPB surgery.

Secondary endpoints were assessing:

-Hemodynamic stability during surgery;
-Complications related to anesthetic technique: radicu-
lopathies, post-puncture headache and spinal hematoma;
-Rate of post-operative pulmonary complications;
-Rate of post-operative course in intensive care unit 
(ICU);
-Incidence of post-operative delirium.

Methods

We retrospectively reviewed our prospective database of 46 
consecutive patients who underwent HPB surgery with NA 
between February 2018 and May 2020 at our referral center 
for HPB surgery at Pineta Grande Hospital, Castel Volturno, 
Italy.

The patients’ data were analyzed according to Strengthen-
ing the Reporting of Observational studies in Epidemiology 
(STROBE) [33] (Fig. 1).

Research involving human participants and/or animals 
was conducted acquiring written informed consents from 
all participants.

The study was conducted according to the guidelines of 
the Declaration of Helsinki and approved by the Institutional 
Review Board of the University of Molise (protocol number 
10/21, approval date: May 12, 2021).

The same team of surgeons trained in HPB surgery car-
ried on all procedures.

The eligibility grade was defined as ASA ≥ 2. Exclusion 
criteria were: emergency surgery, lack of patient compliance 
(as neurological/psychiatric ones), lack of patient adherence, 
presence of coagulation disorders (platelets ≤ 100.000 mcL 
or International Normalized Ratio (INR) ≥ 1.5), Ejection 
Fraction (EF) ≤ 30%, moderate or severe aortic stenosis, con-
traindication to NA as local infection or inflammation in the 
puncture area and age related spinal deformity (Fig. 1). All 
cases were discussed in a multi-disciplinary meeting evalu-
ating the surgical indications and an eventual NA approach.

Before surgery, all patients underwent routine blood tests, 
chest radiography and electrocardiogram (ECG). Spirometry 
and echocardiography were performed in selected cases. Cir-
rhotic patients were stratified according to the Model for 
End-stage Liver Disease (MELD) score [34].

A Makuuchi incision was made in all open liver cases 
whereas a bi-subcostal incision was used for open pancreatic 
surgery. A list of diseases and surgical procedures is shown 
in Table 1.

Follow-up was performed at three months after surgery to 
evaluate blood tests and a complete abdominal ultrasound.

Anesthetic management and procedure

In the operating room, two large-caliber venous accesses 
(16/18-gauge) and a radial artery for invasive blood pressure 
monitoring were provided. Central Vein Pressure (CVP) was 
monitored using a central venous catheter (CVC) placed in 
the internal jugular vein. Then, vital parameters were moni-
tored, and NA was performed.

The anesthesiological protocol provides three different 
techniques to perform NA: continuous spinal anesthesia 
(CSA), combined spino-epidural anesthesia (CSEA) and 
peridural anesthesia (PA).

In the CSA group, a single-needle technique was used. A 
 PAJUNK® Intralong kit  SPROTTE® 21-gauge was inserted 
at T7–T8 level. After free-flow of Cerebrospinal Fluid (CSF) 
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was obtained, a 25-gauge catheter was inserted into the tho-
racic subarachnoid space.

The CSEA approach combines two different single-nee-
dle techniques, epidural anesthesia and subarachnoid anes-
thesia, to achieve a more effective pain management. The 
epidural anesthesia was performed using a kit composed 
of an ORX epidural catheter in Pebax with an Easy-lock 
fitting and centering device, Tuohy needle (Arrow Interna-
tional, Inc., Redding, PA) with a clear plastic base, and a 
flat filter 0.22-micron, 1 × 10 ml low-strength syringe. The 
puncture level was at T7–T8. The Loss of Resistance (LOR) 
technique was performed to locate the epidural space and a 
20-gauge catheter was placed. For subarachnoid anesthesia, 
a 27/25-gauge Whitacre needle (Arrow International, Inc.) 
was inserted into the intervertebral space below the epidural 
catheter placement.

In the PA, an 18-gauge Touhy-shaped needle of the 
 PERIFIX® kit was inserted in the T7–T8 space. The LOR 
technique was used to locate the peridural space and place 
the 20-gauge catheter.

In Table 2, the routine drug administration schedule dur-
ing NA is shown.

Pinprick (target: Hollmen score 4 at C4–C5 level) and 
Ice Tests were performed in all cases to evaluate the exten-
sion of the sensory block [35, 36]. Our goal was to extend 
sensory block up to the T4 dermatome.

Patients were always awake, a Venturi Mask (FiO2 
40–50%) was placed and sedation was achieved with a con-
tinuous infusion of propofol (2–4 mg/kg/h) with a Richmond 
Agitation–Sedation Scale (RASS) [37] score of ≥ -2. All 
patients were continuously monitored using pulse oxime-
try, ECG, serial hemogasanalysis and invasive arterial blood 
pressure measurements. Depth of anesthesia was routinely 
checked using the Bispectral Index (BIS) system [38]. Hypo-
tension due to the spinal anesthesia was managed with a con-
tinuous infusion of noradrenaline titrated, at an average dos-
age of 0.12 ± 0.06 mcg/kg/min, to maintain a Mean Arterial 
Pressure (MAP) above 65 mmHg. At the end of surgery, the 
vasopressor infusion was stopped in all patients and ondan-
setron (4 mg intravenous) was administered as prophylaxis 
for post-operative nausea and vomiting (PONV) [39].

Fig. 1  STROBEline flowchart of patients underwent neuraxial anesthesia from February 2018 to May 2020
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Table 1  Histological diagnosis 
and surgical procedures 
in patients underwent NA 
according to the three different 
anesthetic techniques

CSA continuous spinal anesthesia, CSEA combined spino-epidural anesthesia, PA peridural anesthesia, 
HCC hepatocellular carcinoma, CRLM colorectal liver metastases, CCA  cholangiocarcinoma, VLS vide-
olaparoscopy, ALPSS associating liver partition and portal vein ligation for staged hepatectomy

Anesthetic techniques, no. (%)

CSA CSEA PA TOT

Histological diagnosis
HCC 10 (76.92) 3 (23.08) 0 (0) 13
CRLM 4 (57.14) 2 (28.57) 1 (14.29) 7
CCA 3 (50.00) 2 (33.33) 1 (16.67) 6
Benign 3 (23.08) 8 (61.54) 2 (15.38) 13
Pancreatic cancer 1 (16.67) 5 (83.33) 0 (0) 6
Gallbladder cancer 1 (100) 0 (0) 0 (0) 1
Surgical procedures
Open:VLS 21:1 17:3 3:1 41:5
Major hepatectomies 5 (62.50) 3 (37.50) 0 (0) 8

Mesohepatectomy 3 (100) 0 (0) 0 (0) 3
Left hepatectomy 2 (100) 0 (0) 0 (0) 2
ALPPS 0 (0) 3 (100) 0 (0) 3

Minor hepatectomies 12 (63.16) 5 (26.31) 2 (10.53) 19
Wedge resection 7 (63.63) 3 (27.27) 1 (9.10) 11
Bisegmentectomy 3 (60.00) 2 (40.00) 0 (0) 5
Segmentectomy 2 (66.67) 0 (0) 1 (33.33) 3

Iatrogenic biliary duct injury 2 (50.00) 1 (25.00) 1 (25.00) 4
Biliodigestive derivation 2 (28.57) 5 (71.43) 0 (0) 7
Whipple procedures 1 (20.00) 4 (80.00) 0 (0) 5
Splenopancreatectomy 0 (0) 1 (50.00) 1 (50.00) 2
Hepatic cyst fenestration 0 (0) 1 (100) 0 (0) 1

Table 2  Pharmacological protocol

Continuous spinal anesthesia (CSA) Combined spino-epidural anesthesia (CSEA) Peridural anesthesia (PA)

Start bolus: Spinal anesthesia: Start bolus:
Bupivacaine (0.5%) 5 mg + magnesium sulfate 

50 mg
Ropivacaine (0.3%) 10 mg + magnesium sulfate 

50 mg + NaCl solution 0.9% for a total volume 
of 5 ml

Ropivacaine (0.4%) 7 ml

Epidural anesthesia:
Surgical incision: Top up of Ropivacaine (0.5%) 10 ml every 

90/100 min
Bupivacaine (0.5%) 2.5 mg Top up:

Post-operative pain therapy: ropivacaine (0.2%) 
5/7 ml/h

Ropivacaine (0.35%) 5 ml every 60/90 min

Paracetamol 1 gr as needed (max 3 gr/die)
Top up: Post-operative pain therapy: ropivacaine 

(0.2%) 5/7 ml/h
Bupivacaine (0.5%) 2.5 mg every 50/60 min Paracetamol 1 gr as needed (max 3 gr/die)
Post-operative pain therapy:
Ropivacaine (0.22%) in continuous infusion a 

0.3/0.5 ml/h
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No additional distractions were used during the surgical 
procedures.

Transfer to the post-operative ICU was decided depend-
ing on the overall vital parameters, intra- and post-operative 
hemogasanalysis samples, respiratory performance of the 
patient, and eventual further needs for continuous infusion 
of inotropic/vasopressors could be given.

To state the benefits of our procedures, we subsequently 
evaluated:

1) Presence/absence of delirium (hypo or hyperkinetic) 
through the Confusion Assessment Method-Intensive 
Care Unit (CAM-ICU) at 15 min and 8–24 h from the 
end of surgery [40];

2) Presence of post-operative pain through Numeric Rating 
Scale (NRS) [41];

3) Presence of PONV [39];
4) Level of motor block through the Bromage scale [42].

Post-operative complication was assessed according to 
the Clavien–Dindo classification and Comprehensive Com-
plication Index [43, 44].

Statistical analysis

The IBM Statistical Package for the Social Sciences (IBM 
 SPSS®) was used to analyze data.

Group analysis was performed to define the homogeneity 
between them. To better define the impact of NA on liver 
function, we performed a statistical analysis of the blood 
tests values before surgery and before discharge. Creatinine, 
estimated glomerular filtration rate (eGFR), INR and hemo-
globin (Hb) were evaluated, each one stratified for the anes-
thesiological technique. The eGFR was calculated according 
to the CDK-EPI formula [45]. Statistical significance was 
defined as a two-tailed p value < 0.05. The Shapiro–Wilk test 
was applied to the quantitative elements to test their distribu-
tions. Quantitative independent data were analyzed by analy-
sis of variance (ANOVA) or Kruskal–Wallis test in cases 
of non-normal distribution. The differences between time 
points were assessed by paired t test, if they were normally 
distributed, and by Wilcoxon signed-rank test or Kolmogo-
rov–Smirnov test, if they were not normally distributed.

Quantitative data were expressed as mean ± standard 
deviation (SD). Categorical variables were analyzed using 
the Chi-ssquare test (χ2).

Results

A total of 46 patients (22 males and 24 females) were 
included in our study. 41 (89.13%) patients were approached 
open, and 5 (10.87%) patients underwent laparoscopic sur-
gery for minor liver resections.

Mean age was 69.07 years ± 9.95 with an average body 
mass index (BMI) of 25.48 ± 2.48.

The ASA score of 19 (41.30%) patients was ASA II, 22 
(47.83%) were ASA III and 5 (10.87%) were ASA IV.

22 (47.83%) patients underwent CSA, 20 (43.48%) under-
went CSEA and 4 (8.69%) underwent PA.

The most frequent comorbidities were hypertension 
(65.22%), pulmonary disease (34.78%), and diabetes mel-
litus (30.43%). 4 (8.70%) patients had a MELD score ≥ 13.

We performed 8 (17.39%) major liver resections defined 
as resection of three or more segments as stated by the Bris-
bane Classification [46], 19 (41.30%) minor liver resections, 
7 (15.22%) bilio-digestive derivation, 5 (10.87%) Whip-
ple procedures, and 7 (15.22%) other procedures (Table 1 
and Fig. 2). In two cases of minor resections, a simulta-
neous right hemicolectomy and left hemicolectomy were 
associated.

The baseline characteristics of the study population and 
surgical procedures according to the NA technique are 
described in Tables 1 and 3. Statistical analysis of the three 
groups of NA techniques is also shown in Table 3.

Types of minor resections are listed in Fig. 2.

Peri‑operative course and complications

NA was well tolerated in 43 out of the 46 patients. 3 of 
22 (13.64%) patients in the CSA group were converted to 
endotracheal intubation (ETI) in one case due to hemody-
namic instability during mesohepatectomy and in two due to 
subjective intolerance to the procedure (Table 4).

Ten (21.74%) patients were transferred to the ICU after 
surgery for a maximum stay of 48 h. We reported 3 out of 
20 (15%) cases of PONV in the CSEA group. No local com-
plications related to the anesthetic procedure were observed. 
The mean pain value is shown in Fig. 2. No severe pulmo-
nary post-operative complications, morbidity due to CVC 
placement and delirium occurred in our series.

Clavien–Dindo complications, Comprehensive Complica-
tion Index and all characteristics of intra- and post-operative 
course are listed in Table 4.

No intra-operative mortalities occurred. 30-day mor-
tality was observed in 2 (4.35%) patients, both of whom 
underwent mesohepatectomy under the CSA anesthetic tech-
nique. In one case, the mortality was due to cardiac shock 
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on post-operative day (POD) 1, and the second patient died 
of liver failure 10 days after surgery.

All patients were mobilized during the first POD.
Considering our protocol (Table 2), no patient required 

additional post-operative intravenous rescue analgesic drugs.
The epidural/spinal catheter was removed on POD 4 as 

scheduled by our protocol.
No reoperations were needed.
All patients had R0 resection margins.

Discussion

Our study showed that NA is a safe and feasible technique 
for complex HPB surgery.

There were no major technical drawbacks and NA was 
performed in all 46 cases using different anesthetic tech-
niques such as CSA, CSEA and PA.

Our study included a large majority of elderly patients, 
mean age 69.07 yrs. ± 9.95, which is comparable to many 
series in the literature [47–49]. The mean operative time of 
282 ± 107 min was within the range of reported data else-
where and it was not hampered by the absence of curariza-
tions [50, 51]. Furthermore, the NA technique did not affect 
the risk of bleeding and hemodynamic stability.

The intra-operative and post-operative blood transfusion 
rate were similar to those in other recent series reported by 
referral centers for HPB surgery [48, 52–54]. Despite some 
limitations due to the patient’s breathing, no major troubles 
were recorded during the most challenging surgical steps, 
such as the handling of major vessels or lymphadenectomies.

Fig. 2  A Type of minor liver resections, B Trend of mean pain value (± SD) according to Numeric Rating Scale (NRS) measured at 15 min and 
6, 12, 24 and 48 h after surgery
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Transfer to the ICU was generally performed as a pre-
caution due to the prolonged surgery only in less than 25% 
of patients according to data reported in the literature [55].

Major concerns performing NA in HPB patients may be 
represented by the theoretical risk of coagulopathy at the site 
of local anesthesia rather than during surgery [56].

Radiculopathies, post-puncture headaches or spinal 
hematoma did not occur in any patient.

In all cases, a good pain control was achieved with early 
mobilization and oral intake. PONV occurred in only three 
patients undergoing CSEA. The complications rate was low 
(Table 4) as reported in a large series [57–59].

Two patients died of non-anesthetic-related causes after 
major surgery such as mesohepatectomy.

No significant variation was observed in the post-opera-
tive INR, creatinine and eGFR. However, the risks of coagu-
lation disorders and renal impairment is frequently associ-
ated to NA [56].

The conversion rate was low occurring in 3 of 46 patients 
and was generally due to a better handling of technical pro-
cedures or patient’s intolerance. All three conversions were 
easily performed without any difficulty neither for surgeons 
or patients.

The hospital stay was longer than in other series [48, 
60, 61]. This is mainly because of the pivotal character of 
the study and, at the same time, to the wide geographical 
referral of patients making a safe and early discharge of 
patients.

The minimally invasive approach was used in only five 
cases, but the good results achieved may allow a wider use 
of NA also in the laparoscopic HPB surgery.

No statistically significant differences were found among 
the three different NA techniques. Our personal experience 
suggests a special pledge for the CSA technique.

Table 3  Baseline characteristics of patients according to type of NA

SD standard deviation, CSA continuous spinal anesthesia, CSEA combined spino-epidural anesthesia, PA peridural anesthesia, BMI body mass 
index (Kg/m2), ASA American Society of Anesthesiologist physical status, MELD model for end-stage liver disease, DM diabetes mellitus, MI 
myocardial infarction, AF atrial fibrillation, HCV hepatitis C virus, HBV hepatitis B virus, CKD chronic kidney disease, AAA abdominal aortic 
aneurysm

No. (%) and/or mean ± SD

CSA CSEA PA TOT p value

No. of patients 22 (47.83) 20 (43.48) 4 (8.69) 46
Sex (male:female) 11:11 8:12 3:1 22:24 0.414
Age (years) 69 ± 9.78 69.95 ± 10.84 65 ± 6.48 69.07 ± 9.95 0.671
BMI (Kg/m2) 25.50 ± 2.72 25.40 ± 2.19 25.75 ± 3.20 25.48 ± 2.48 0.810
ASA II 8 (42.10) 9 (47.37) 2 (10.53) 19 0.743

III 12 (54.55) 8 (36.36) 2 (9.09) 22
IV 2 (40.00) 3 (60.00) 0 (0) 5

MELD score 1–10 21 (53.85)
7.00 ± 0.89

16 (41.02)
7.44 ± 1.36

2 (5.13)
6.50 ± 0.71

39 (84.78)
7.15 ± 1.11

11–20 1 (14.29)
16 ± 0

4 (57.14)
14.25 ± 3.86

2 (28.57)
15.50 ± 4.95

7 (15.22)
14.86 ± 3.48

0.270

General 7.40 ± 2.10 8.80 ± 3.41 11.00 ± 5.94 8.32 ± 3.23
Risk factors Smokers 5 (55.56) 2 (22.22) 2 (22.22) 9 0.162

Ex-smokers 5 (33.33) 9 (60.00) 1 (6.67) 15
Alcohol 3 (37.50) 4 (50.00) 1 (12.50) 8 0.792

Comorbidities Hypertension 19 (63.33) 8 (26.67) 3 (10.00) 30
Pulmonary disease 9 (56.25) 6 (37.50) 1 (6.25) 16
DM 4 (28.57) 8 (57.14) 2 (14.29) 14
MI 2 (28.57) 4 (57.14) 1 (14.29) 7
AF 0 (0) 4 (100) 0 (0) 4
HCV 2 (66.67) 1 (33.33) 0 (0) 3
HBV 1 (50.00) 1 (50.00) 0 (0) 2
CKD 1 (50.00) 1 (50.00) 0 (0) 2
AAA 1 (50.00) 1 (50.00) 0 (0) 2
Neurological disease 0 (0) 2 (100) 0 (0) 2
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Table 4  Intraoperative, post-operative course and blood samples analysis according to type of NA

SD standard deviation, CSA continuous spinal anesthesia, CSEA combined spino-epidural anesthesia, PA peridural anesthesia, ALPSS associat-
ing liver partition and portal vein ligation for staged hepatectomy, ETI endotracheal intubation, ICU intensive care unit, TPN total parental nutri-
tion, PONV post-operative nausea and vomiting, eGFR estimated glomerular filtration rate, INR international normalized ratio, Hb hemoglobin, 
PO post-operative

No. (%) or mean ± SD

CSA CSEA PA Total p value

Intraoperative course
Pringle maneuver 12 (75.00) 2 (12.50) 2 (12.50) 16 0.005
Intraoperative blood transfusion 4 (50.00)

- 2 Mesoepatectomy
- 1 Left Hepatectomy
- 1 Segmentectomy IIs

4 (50.00)
- 3 Whipple
- 1 ALPPS

0 (0) 8 0.443

Conversion to ETI 3 (100)
- 1 Mesoepatectomy
- 1 Wedge Resection IIIs
- 1 Segmentectomy VIIIs

0 (0) 0 (0) 3

Transfer to ICU 5 (50.00) 4 (40.00) 1 (10.00) 10 0.964
Operative time, (min) 303.55 ± 97.72 264.00 ± 124.30 262.50 ± 35.71 282.78 ± 107.10 0.462
Post-operative course
Clavien–Dindo classification I 12 (52.17) 9 (39.13) 2 (8.70) 23

II 8 (40.00) 11 (55.00) 1 (5.00) 20
III 0 (0) 0 (0) 1 (100) 1
IV 0 (0) 0 (0) 0 (0) 0
V 2 (100) 0 (0) 0 (0) 2

Comprehensive complication index I 12 (52.17) 9 (39.13) 2 (8.70) 23
II 8 (50.00) 6 (37.50) 2 (12.50) 16
IIIa 0 (0) 3 (100) 0 (0) 3
IIIb 0 (0) 2 (100) 0 (0) 2
IVa 0 (0) 0 (0) 0 (0) 0
IVb 0 (0) 0 (0) 0 (0) 0
V 2 (100) 0 (0) 0 (0) 2

Post-operative blood transfusion 4 (44.44) 5 (55.56) 0 (0) 9 0.346
TPN 5 (31.25) 9 (56.25) 2 (12.50) 16 0.248
PONV 0 3 (100) 0 3
Length of stay, (days) 9.73 ± 5.69 14.75 ± 12.36 9.5 ± 4.79 11.89 ± 9.36 0.404
Blood samples
Creatinine, mg/dL Pre-OP 0.86 ± 0.17 0.86 ± 0.27 0.94 ± 0.31

Post-OP 0.85 ± 0.27 0.76 ± 0.27 0.70 ± 0.20
p value 0.520 0.051 0.144

eGFR, ml/min/1.73  m2 Pre-OP 81.01 ± 15.48 78.31 ± 21.53 81.18 ± 18.53
Post-OP 81.80 ± 18.43 84.85 ± 24.30 95.96 ± 15.65
p value 0.543 0.112 0.348

INR Pre-OP 0.98 ± 0.08 1.01 ± 0.12 1.05 ± 0.07
Post-OP 1.06 ± 0.10 1.04 ± 0.08 1.09 ± 0.03
p value 0.109 0.251 0.066

Hb, g/dL Pre-OP 13.31 ± 1.27 12.53 ± 1.56 12.85 ± 2.22
Post-OP 10.99 ± 2.20 10.88 ± 1.47 10.62 ± 2.14
p value  < 0.001  < 0.001 0.002
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Limitations

The heterogeneity of the patients’ sample and of the per-
formed procedures represents the major limitation of this 
series, but it opens the road to a larger use of NA. Further 
multicenter studies could confirm our data and better define 
the indications and drawbacks of this anesthetic approach 
for HPB surgery.

Conclusions

Despite a general concern for hemodynamic instability and 
potential renal impairment limited using NA in complex pro-
cedures, this pilot series shows that NA is safe and feasible, 
allowing minor/major liver resections and pancreatic surgery 
also with a minimally invasive approach if surgery is per-
formed in referral centers by well-trained anesthesiologists 
and surgeons.

In patients with comorbidities associated with a higher 
risk of post-operative delirium/pulmonary complications, 
NA may be considered a valid option, thereby reducing the 
need for ICU stay after surgery.

The complete absence of post-operative delirium, a major 
complication after GA [62, 63], reinforces the potential role 
option of NA in elderly and frail patients.

Our data may open new perspective in the management 
of these complex patients.
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