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The effect of an intraoperative
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improving textbook outcomes for
hepatobiliary–pancreatic surgery:
a multicentre retrospective study
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Background: The concept of a “textbook outcome” is emerging as a metric for
ideal surgical outcomes. We aimed to evaluate the impact of an advanced
haemodynamic monitoring (AHDM) algorithm on achieving a textbook
outcome in patients undergoing hepatobiliary–pancreatic surgery.
Methods: This retrospective, multicentre observational study was conducted
across private and public teaching sectors in Victoria, Australia. We studied
patients managed by a patient-specific, surgery-specific haemodynamic
algorithm or via usual care. The primary outcome was the effect of using a
patient-specific, surgery-specific AHDM algorithm for achieving a textbook
outcome, with adjustment using propensity score matching. The textbook
outcome criteria were defined according to the International Expert Delphi
Consensus on Defining Textbook Outcome in Liver Surgery and Nationwide
Analysis of a Novel Quality Measure in Pancreatic Surgery.
Results: Of the 780 weighted cases, 477 (61.2%, 95% CI: 57.7%–64.6%) achieved
the textbook outcome. Patients in the AHDM group had a higher rate of textbook
outcomes [n= 259 (67.8%)] than those in the Usual care group [n= 218 (54.8%);
p < 0.001, estimated odds ratio (95% CI) 1.74 (1.30–2.33)]. The AHDM group had
a lower rate of surgery-specific complications, severe complications, and a
shorter hospital length of stay (LOS) [OR 2.34 (95% CI: 1.30–4.21), 1.79 (95%
CI: 1.12–2.85), and 1.83 (95% CI: 1.35–2.46), respectively]. There was no
significant difference between the groups for hospital readmission and mortality.
Conclusions: AHDM use was associated with improved outcomes, supporting its
integration in hepatobiliary–pancreatic surgery. Prospective trials are warranted
to further evaluate the impact of this AHDM algorithm on achieving a
textbook impact on long-term outcomes.
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1 Introduction

Despite the advancements in surgical techniques, anaesthesia,

and perioperative care for patients undergoing hepatobiliary–

pancreatic (HBP) surgery, morbidity remains significant owing to

the large fluid shifts, extensive abdominal dissection, intraoperative

bleeding, and prolonged operative times (1, 2). Notably, up to 40%

of patients undergoing HBP surgery experience severe complications

(Clavien–Dindo >III) (3–5).

First described in the field of gastrointestinal cancer surgery,

the concept of a “textbook outcome” (TO) is emerging as a robust

metric of an ideal surgical outcome for patients undergoing HBP

surgery (6, 7). A TO represents the optimal course following a

surgical episode, achieved when prespecified parameters are fulfilled

according to an all-or-none principle (8). The TO metric also offers a

comprehensive assessment of patient-level outcomes and hospital

performance, serving as a valuable benchmarking tool for comparing

the effectiveness of emerging therapeutic interventions and

evaluating variations between healthcare institutions (9–11).

Multiple definitions of TO in HBP surgery have been reported

(12); recently, however, the “International Expert Delphi

Consensus on Defining Textbook Outcome in Liver Surgery”

(13) and “Nationwide Analysis of a Novel Quality Measure in

Pancreatic Surgery” (14) reported consensus definitions for liver

and pancreas surgery, respectively (see Supplementary Table S1).

The effectiveness of advanced haemodynamic monitoring

(AHDM) in patients undergoing HBP surgery remains inconclusive,

with multiple studies demonstrating conflicting effects on length of

stay (LOS), cost, complications, morbidity, and mortality (15–21).

However, no studies to date have investigated the effects of AHDM

on the TO of patients undergoing HBP surgery.

We conducted a multicentre, retrospective, propensity score–

matched study to evaluate the effects of AHDM on the TO of

these patients. Our algorithm is patient-specific, surgery-specific,

and seeks to individualise fluid and vasoactive therapies to

support circulatory homeostasis and end-organ perfusion. We

hypothesised that our AHDM would be associated with a higher

rate of TO for patients undergoing HBP surgery.
2 Methodology

This retrospective multicentre observational study was conducted

at three hospitals in the state of Victoria, Australia. All three hospitals

are served by the same HBP surgeons and anaesthesiologists. The

Austin Health Human Research Ethics Committee approved this

study (approval number 2022/Austin/34) and waived the

requirement for participant consent. The study protocol was

registered in the Australian New Zealand Clinical Trials Registry

(ANZCTR: 324237676) and reported following the Strengthening the

Reporting of Observational Studies in Epidemiology guidelines (22).
2.1 Inclusion and exclusion criteria

Patients who underwent elective liver or pancreatic resection

surgery via a laparoscopic, open, or hybrid approach between
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January 2011 and December 2022 were screened for inclusion.

Major liver surgery was defined as the resection of four or more

liver segments. Minor liver surgery was defined as the resection

up to and including three segments, excluding liver biopsies.

Pancreatic procedures were categorised into either Whipple

procedures or other pancreatic procedures that included central,

distal, and total pancreatectomies. All patients aged ≥18 years

and managed by a patient-specific, surgery-specific intraoperative

AHDM algorithm (AHDM group) or usual care (Usual care

group) were included. Exclusion criteria included patients

undergoing emergency surgery, liver transplantation, any non-

HBP concomitant procedure (e.g., combined bowel resection), or

patients requiring venovenous bypass. Patients who participated

in previous randomised clinical trials where a protocolised

AHDM algorithm was applied were also excluded.
2.2 Routine care for all patients

All patients underwent a standardised enhanced recovery after

surgery (ERAS) protocol implemented across all institutions.

Perioperative management of anaemia, glycaemic control, and

optimisation of comorbidities was undertaken by dedicated

multidisciplinary teams using previously reported ERAS

protocols (19). While there have been small refinements to the

ERAS pathways over the study period, the fundamental principal

and framework underpinning them have been unchanged.

All patients received invasive haemodynamic monitoring that

included an arterial line and a central venous catheter to measure

mean arterial pressure (MAP) and central venous pressure (CVP),

respectively. Use of volatiles or total intravenous anaesthesia,

modality of analgesia, use of processed electroencephalography

and cerebral oximetry monitoring, and ventilation strategies were

at the discretion of the attending anaesthesiologist. Most patients

were electively admitted to the intensive care unit (ICU) for

routine postoperative monitoring, which did not routinely involve

the use of any AHDM devices or algorithms.
2.3 Usual care group

In patients receiving usual care, the attending anaesthesiologist

had clinical discretion over fluid administration and use of

vasoactive medications using the information that was available

to them. A FloTrac sensor was not used in any of the patients in

this group.
2.4 AHDM group

Patients in the AHDM group had a FloTrac sensor (Edwards

Lifesciences, Irvine, CA, USA) connected to their arterial line,

which provided additional haemodynamic variables including

cardiac output, stroke volume (SV), stroke volume variation

(SVV), and systemic vascular resistance. These were calculated

continuously and presented to the attending anaesthesiologist
frontiersin.org
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FIGURE 1

Advanced haemodynamic monitoring algorithm.
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via the EV1000 or HemoSphere clinical platforms (Edwards

Lifesciences, Irvine, CA, USA).

Fluid administration and the use of vasoactive therapies were

guided by a patient-specific, surgery-specific AHDM algorithm

that sought to maintain circulatory homeostasis and end-organ

perfusion. The AHDM algorithm prescribes haemodynamic targets

for perfusion pressure (MAP−CVP), SV, and SVV, which were

defined preoperatively and defended intraoperatively (Figure 1).

Baseline MAP was estimated from preoperative ambulatory

non-invasive mean blood pressure measurements. Baseline CVP

was measured with the patient in the supine position,

immediately post central venous catheter insertion, and prior to

surgery commencing. Intraoperative perfusion pressure was

defended to within 20% of the baseline and to greater than

65 mmHg. Baseline SV was measured from preoperative

echocardiography or estimated as 1.0–1.5 ml/kg. Intraoperative

SV was defended to within 20% of the baseline. Preload

responsiveness was defined by a patient-specific, surgery-specific

SVV target. For patients undergoing liver resection surgery, the

intraoperative SVV target was set between 20% and 25% during

the dissection and resection phases and adjusted to 20% post

resection. For patients undergoing pancreatic resections, SVV

was set at 25% in patients with cardiopulmonary comorbidities,

and 20% in patients without.

Hypovolaemia was defined as a preload responsive state with

either a perfusion pressure or SV below the patients

individualised baseline value. Further, hypovolaemia was

classified into “absolute” hypovolaemia, which was attributed to

surgical blood loss, or “relative” hypovolaemia, where surgical

bleeding was not evident. “Absolute” hypovolaemia was estimated

via the volume of blood in suction devices and by the

weighing of surgical swabs and was treated with a 1–2 ml/kg

fluid bolus. “Relative” hypovolaemia was considered when the
Frontiers in Surgery 03
SVV exceeded the above-mentioned SVV targets, but in the

absence of surgical bleeding. In this scenario, treatment was with

a vasopressor, with the physiological rationale that use of

vasoconstrictors will also cause venoconstriction, which in turn

will decrease venous capacitance, resulting in an increase in

venous return to the right atrium, i.e., increasing preload to the

right heart.

The type of fluid (crystalloid or colloid) was based on the

discretion of the treating anaesthetist. No fluids were

administered for “third space” or “insensible” losses. The

assumption was that these losses would be replaced by the

administration of intraoperative medications, including

anaesthetic, analgesic, vasoactive, and antibiotic infusions. At

completion of surgery, the EV1000 or HemoSphere® clinical

platforms were disconnected from the FloTrac® catheter.
2.5 Key outcomes

The primary outcome was the effect of using a patient-specific,

surgery-specific AHDM algorithm for achieving a TO, with

adjustment using propensity score matching. The TO criteria

were defined according to the “International Expert Delphi

Consensus on Defining Textbook Outcome in Liver Surgery”

(13) and the “Nationwide Analysis of a Novel Quality Measure

in Pancreatic Surgery” (14) (Table 1).

Secondary outcomes included the effect of the AHDM

algorithm on each component of the TO definition, with

adjustment using propensity score matching. These outcomes

include: the absence of surgery-specific complications, absence of

severe postoperative complications, hospital length of stay,

avoidance of hospital readmission, and avoidance of mortality

while in hospital or at 90 days postoperatively.
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TABLE 1 Primary outcome definition of textbook outcome.

Textbook outcome
(liver surgery)

Textbook outcome
(pancreatic surgery)

• Absence of a postoperative bile
leak of grade B or C (according to
the severity grading of the
International Study Group of
Liver Surgery) (23).

• Absence of postoperative liver
failure of grade B or C (according
to the severity grading of the
International Study Group of
Liver Surgery) (24).

• No major postoperative
complications (Clavien–Dindo
≥III) (25).

• No 90-day readmission due to
surgery-related major
complications (Clavien–Dindo
≥III).

• No in-hospital or 90-day
mortality.

• Median hospital length of stay ≤7
days.

• Absence of a postoperative pancreatic
fistula of grade B or C (according to the
severity grading of the International
Study Group of Pancreatic Surgery)
(26).

• Absence of a postoperative bile leak of
grade B or C (according to the severity
grading of the International Study
Group of Liver Surgery) (23).

• Absence of a postpancreatectomy
haemorrhage of grade B or C (according
to the severity grading of the
International Study Group of Pancreatic
Surgery) (27).

• No major postoperative complications
(Clavien–Dindo ≥III) (25).

• No 90-day readmission due to surgery-
related major complications (Clavien–
Dindo ≥III).

• No in-hospital or 90-day mortality.
• Median hospital length of stay ≤14 days.

Carp et al. 10.3389/fsurg.2024.1353143
2.6 Definitions

Complications were defined and classified according to the

European Perioperative Clinical Outcome definitions (28). Severe

complications were defined as the development of a grade III or

higher complication according to the Clavien–Dindo classification

(25). Bile leak and liver failure were defined according to the

severity grading of the International Study Group of Liver Surgery

(23, 24). Postpancreatectomy haemorrhage and postoperative

pancreatic fistula were defined according to the severity grading of

the International Study Group of Pancreatic Surgery (26, 27). LOS

was defined as the time from surgical wound closure until the

patient was formally discharged from the acute hospital ward.

Prolonged LOS for liver surgery was defined as a stay longer than

that of the 50th percentile (29). Prolonged LOS for pancreatic

surgery was defined as a stay longer than 14 days, in accordance

with the definition provided by the “Nationwide Analysis of a

Novel Quality Measure in Pancreatic Surgery” (14).
2.7 Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics

software for Windows, version 23 (IBM Corporation, NY, USA)

and R version 4.2.3 (R Development Core Team, Vienna,

Austria, 2023). Before undertaking statistical analysis, the

normality of the continuous variables was confirmed via a visual

check of normal Q–Q plots and histograms. If normality was

violated, non-parametric statistical methods were applied for the

variable. Extreme values were also checked with the first and

third quartiles and the step of the twofold interquartile range. All

extreme values were reconciled with the original values of the

data source.
Frontiers in Surgery 04
Missing values analysis was undertaken before performing

statistical analysis. After verifying the data with the data source,

variables with a missing rate over 5% were identified. We then

evaluated the missing patterns and whether the missing values

occurred at random. In cases where the mechanism of missing

data was not missing completely at random or missing at

random, sensitivity analysis was also planned.

Statistical analysis was performed by grouping patients

according to whether AHDM was used during intraoperative

anaesthesia management. Student’s t-test, Mann–Whitney U test,

chi-square test, and Cochran–Armitage trend test were applied.

Data were presented with mean ± standard deviation, median

(first–third quartiles) or number of cases (percentile) for the

descriptive statistics, and any estimated values are described with

a 95% confidence interval (CI). Statistical results are presented

with p-values and corresponding effect sizes.

Propensity score matching and weighting methods were

planned to control the effects of covariates and reduce possible

biases. Covariates included age, body mass index, age-adjusted

Charlson’s comorbidity index, hospital, surgery type, operation

time, intraoperative blood loss, preoperative haemoglobin, platelet

count, creatinine, and albumin concentrations. These were

identified by correlation analysis or by their clinical relevance

(Supplementary Table S2).

Cases with missing values for the propensity score match

variables were excluded, and complete cases were used for

regression analysis. The expected probability of logistic regression

with AHDM was used as a dependent variable and other

possible confounding parameters were used as independent

variables to determine the propensity score of each case. The

balance of propensity scores across the groups (AHDM group

and Usual care group) was evaluated via a visual check of

propensity score distribution. Optimal and nearest

neighbourhood matching methods with 1:1, 2:1, and various

ratios were evaluated using callipers of 0.1 or 0.2, if applicable. In

addition, the inverse probability treatment weighting (IPTW) was

also evaluated to control the confounding parameters by

applying the weight (Supplementary Table S3).

The standardised difference was estimated to evaluate the

balance of covariates after matching or weighting the data by

propensity score. We considered that the matched or weighted

data were well balanced when the standardised differences were

smaller than 0.1. Regarding the values and covariate balance

figures of the standardised differences, the weighted data with

IPTW showed the balanced covariates between the AHDM group

and the Usual care group. To reduce the impact of extreme

weights on the parameters, we stabilised and truncated the

weights at the 1st and 99th percentiles. At the end of

the analysis, the planned sensitivity analysis was performed

with various situations of complete case analysis

(Supplementary Table S4).

The average effect of AHDMuse in achieving a TO was evaluated

using a weighted chi-square test. The effect of AHDM use on other

results, such as postoperative complications, surgery-specific

complications, LOS, ICU admission, and ICU LOS, was evaluated

using a weighted chi-square test, weighted Cochran–Armitage trend
frontiersin.org
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test, weighted t-test, andweightedMann–WhitneyU test. A two-tailed

p-value of <0.05 was considered statistically significant based on the

null hypothesis significance testing, and the magnitude of effects was

evaluated using the estimated effect sizes.
3 Results

In total, 1,203 patients underwent liver and pancreatic resection

surgery at the three hospitals during the study period. Patient

exclusions are summarised in the study flow diagram (see

Figure 2). There were 462 patient cases that were included in the

propensity score evaluation. Regarding the balance of the possible

confounding parameters, weighted analysis was performed using

IPTW (see Supplementary Table S5). With the IPTW method and

truncated weights, the effective sample size (weighted sample size)

was 780 cases. The demographic data, perioperative variables, and

possible confounding parameters are presented in Table 2.
3.1 Primary outcome

The incidence of textbook outcomes is summarised in Table 3. Of

the 780 weighted cases, 477 (61.2%, 95% CI: 57.7%–64.6%) achieved

the TO. Patients in the AHDM group had a higher rate of TO [n =

259 (67.8%)] than those in the Usual care group [n = 218 (54.8%)],

which was statistically significant (χ2 = 13.925, p < 0.001, Crémer’s

V = 0.13), and the estimated odds ratio (OR) was 1.74 (1.30–2.33).
FIGURE 2

Study flow diagram.
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3.2 Secondary outcome

Regarding the individual components of the TO, the AHDM

group had a lower rate of surgery-specific complications, severe

complications, and a shorter hospital LOS [ORs = 2.34 (95% CI:

1.30–4.21), 1.79 (95% CI: 1.12–2.85), and 1.83 (95% CI: 1.35–

2.46), respectively]. There was no significant difference between

the groups for hospital readmission and mortality (Table 3 and

Figure 3). The postoperative complications are presented in

Table 4. There was no difference observed between the groups for

the development of any complication (p = 0.152) or the number of

complications (p = 0.227). Detailed postoperative complications are

presented in Supplementary Table S6. Postoperative ICU

admission rate was significantly higher for the AHDM group [370

(96.6%)] than for the Usual care group [370 (93.2%), p = 0.031,

OR = 2.08 (95% CI: 1.06–4.09)], but the estimated effect size was

small (Crémer’s V = 0.08; see Table 5). Hospital LOS was

significantly longer for the Usual care group compared with the

AHDM group, but the estimated effect size was small (p < 0.001,

common language effect size r = 0.2; see Table 5).
4 Discussion

4.1 Key findings

In this multicentre, retrospective, propensity score–matched

study, we investigated the effects of an AHDM algorithm on
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TABLE 3 Incidence of textbook outcomes. Data presented as number (proportion).

Unweighted IPTW

Usual care
group (N = 315)

AHDM group
(N = 147)

p-
value

OR (95% CI) Usual care
group (N = 398)

AHDM group
(N = 382)

p-
value

OR (95% CI)

Textbook outcome achieved 163 (51.7%) 94 (63.9%) 0.014a 1.65 (1.11–2.47) 218 (54.8%) 259 (67.8%) <0.001a 1.74 (1.3–2.33)

Absence of surgery-specific
complications

285 (90.5%) 140 (95.2%) 0.079 2.11 (0.9–4.91) 358 (90.2%) 365 (95.5%) 0.004a 2.34 (1.3–4.21)

Absence of severe
complications (Clavien–
Dindo ≥ 3)

271 (86.0%) 136 (92.5%) 0.045a 2.01 (1–4.01) 343 (86.4%) 352 (91.9%) 0.014a 1.79 (1.12–2.85)

Absence of readmission 294 (93.3%) 142 (96.6%) 0.156 2.03 (0.75–5.49) 371 (93.2%) 367 (96.1%) 0.077 1.78 (0.93–3.4)

Absence in-hospital or
postoperative 90 days death

313 (99.4%) 146 (99.3%) >0.99 0.93 (0.08–
10.37)

395 (99.2%) 382 (100%) 0.249 —

Absence of prolonged length
of hospital stay

174 (55.2%) 100 (68%) 0.009a 1.72 (1.14–2.6) 233 (58.5%) 276 (72.1%) <0.001a 1.83 (1.35–2.46)

Data are presented as number (%). Chi-squared or Fisher’s exact test was performed. Surgery-specific complications include: absence of postoperative bile leak of grade B or C,

absence of postoperative liver failure of grade B orC for hepatic surgery, absence of postoperative pancreatic fistula (Grade B orC), absenceof bile leak (grade B orC), absenceof

postpancreatectomyhaemorrhage (gradeB/C) forWhipple andPancreatic surgeries.CVD indicatesClavien–Dindopostoperative complicationgrade. Lengthofhospital stay less

than 8 hospital days for hepatic surgery, and 15 hospital days for Whipple and Pancreatic surgeries considered as a textbook outcome. Chi-square test was used.
aTwo-sided p-value <0.050.
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achieving TO for patients undergoing HBP surgery. We studied the

implementation of a patient-specific, surgery-specific algorithm that

sought to individualise fluid and vasoactive therapies to maintain

circulatory homeostasis and end-organ perfusion. This approach

respects the unique ventriculoarterial coupling relationship

present in each individual patient, while tailoring therapy to the

dynamic requirements of the circulation throughout each stage of

surgery. We observed that the use of this algorithm was associated

with an increase in the rate of TO, a reduced rate of severe

complications, and a reduction in hospital LOS. Our findings

support the inclusion of “perfusion pressure” and dynamic SVV
TABLE 4 Postoperative complications.

Unweighted

Usual care
group

(N = 315)

AHDM
group

(N = 147)

p-
value

Cremer’s
V

Any
complication

258 (81.9%) 108
(73.5%)

0.037a 0.1

Severe
complication
(Clavien–
Dindo ≥ III)

44 (14%) 11 (7.5%) 0.045a 0.09

No. of
complications

Not complicated 57 (18.1%) 39 (26.5%) 0.020a 0.21

1 Complication 76 (24.1%) 30 (20.4%)

2 Complications 56 (17.8%) 32 (21.8%)

3 Complications 46 (14.6%) 20 (13.6%)

4 Complications 2 (0.6%) 7 (4.8%)

>4 Complications 78 (24.8%) 19 (12.9%)

CVD grade Not complicated 57 (18.1%) 39 (26.5%) 0.045a 0.13

I 102 (32.4%) 41 (27.9%)

II 112 (35.6%) 56 (38.1%)

III 25 (7.9%) 6 (4.1%)

IV 17 (5.4%) 4 (2.7%)

V 2 (0.6%) 1 (0.7%)

Data are presented as number (%). CVD indicates Clavien–Dindo postoperative comp
aTwo-sided p-value <0.050.
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thresholds as essential elements in AHDM for HBP surgery and

support the use of moderate intraoperative fluid therapy for these

patients. The use of this algorithm was safe, and our results

support further prospective trials to evaluate the clinical effect of

this treatment paradigm on long-term patient outcomes.
4.2 Relations to the literature

This is the first study to explore the impact of an AHDM

algorithm on TO. A recent systematic review highlighted a wide
IPTW

OR (95% CI) Usual
care
group

(N = 398)

AHDM
group

(N = 382)

p-
value

Cremer’s
V

OR
(95% CI)

0.61 (0.38–0.97) 327 (82.2%) 299 (78.1%) 0.150 0.05 0.77
(0.54–1.1)

0.5 (0.25–1) 54 (13.6%) 31 (8.1%) 0.008a 0.09 0.53
(0.33–0.85)

— 71 (17.8%) 84 (21.9%) 0.363 0.16

113 (28.4%) 81 (21.1)

66 (16.6%) 87 (22.7%)

52 (13.1%) 51 (13.3%)

5 (1.3%) 17 (4.4%)

91 (22.9%) 63 (16.4%)

— 71 (17.8%) 84 (21.9%) 0.320 0.16

143 (35.9%) 104 (27.2%)

130 (32.7%) 164 (42.8%)

31 (7.8%) 17 (4.4%)

20 (5%) 14 (3.7%)

3 (0.8%) 0 (0%)

lication grade. Chi-square test or Cochran–Armitage trend test was used.
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FIGURE 3

Odds ratios and 95% confidence intervals of the effect of advanced haemodynamic monitoring use on textbook outcome and components of
textbook outcome. Note that the odds ratio of IPTW in absence in-hospital or postoperative 90 days death is blank due to the condition of being
incomputable. * represents two-sided p-value ≤0.05.

TABLE 5 Intraoperative management and postoperative course.

Unweighted IPTW

Usual care
group

(N = 315)

AHDM
group

(N = 147)

Mean
difference

p-
value

Effect
size

Usual care
group

(N = 398)

AHDM
group

(N = 382)

Mean
difference

p-
value

Effect
size

Total fluid
administration
volume (ml)

2989 ± 1,773.7 2,357.8 ±
1,535.2

631.2 (297.2–
965.2)

<0.001a 0.37 2,872.2 ±
1,771.2

2,628.4 ±
1,677.4

243.8 (1.2–
486.4)

0.049a 0.14

Vasopressor use 115 (36.5%) 48 (32.7%) — 0.419 0.04 157 (39.4%) 140 (36.6%) — 0.405 0.03

Norepinephrine use 72 (22.9%) 36 (24.5%) — 0.699 0.02 99 (24.9%) 92 (24.1%) — 0.797 0.01

Norepinephrine dose
(µg)b

735 (408.75–
1,574.25),
[20:9,600]

1,230 (720–
2,610)

[18:7,320]

— 0.052 0.19 720 (440–
1,585.36)
[20:9,600]

960 (600–
2,640)

[18:7,320]

— 0.103 0.12

Ephedrine use 60 (19%) 16 (10.9%) 0.027 0.1 80 (20.1%) 60 (15.7%) 0.106 0.06

Ephedrine dose (mg)b 12 (7.5–18),
[3:50]

26.25 (7.875–
30) [3:60]

— 0.047a 0.23 12 (6.63–18)
[3:50]

30 (8.57–30)
[3:60]

— <0.001a 0.32

ICU admission 290 (92.1%) 143 (97.3%) — 0.031a 0.1 370 (93.2%) 370 (96.6%) — 0.031a 0.08

ICU stay
duration (days)

1 (1–1.5), [0:21] 1 (1–3) [0:30] — <0.001a 0.21 1 (1–2) [0:20] 1 (1–2) [0:30] — 0.444 0.04

Length of hospital stay
(days)

9 (6–15),
[2:142]

8 (6–11) [3:45] — 0.013a 0.14 9 (6–15)
[2:122]

8 (6–11)
[3:45]

— <0.001a 0.2

Data are presented as mean ± SD, number (%), or median (1st–3rd quartile) [Min:Max]. Student’s t-test, Chi-square test, or Mann–Whitney U test was used. Effect size is

Cohen’s d, OR, or common language effect size r for Mann–Whitney U test.
aTwo-sided p-value <0.050.
bIn cases of using an indexed vasopressor.
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range of TO rates in HBP surgery, from 15.8% to 69.1% (12). Our

study aligns with the upper limit of this range, showing a TO rate

of 54.8% for the Usual care group and 67.8% for the AHDM group.

This finding demonstrates the potential for such treatment

paradigms to improve patient-centred outcomes, and further

studies are warranted.

Our institution has previously undertaken prospective,

randomised, clinical trials in patients undergoing HBP surgeries

using a protocolised AHDM algorithm (18, 21), similar to the

algorithm used in the present study. However, both of these

previous studies were inadequately powered to measure meaningful

differences in postoperative complications, and neither evaluated the

impact of the surgery-specific algorithm on textbook outcomes. In

only one of these studies was the use of the AHDM algorithm

associated with a reduction in the number of complications and LOS

(21). Peltoniemi et al. (16) demonstrated fewer severe surgical

complications, clinically relevant pancreatic fistulas, and shorter

hospital LOS for patients undergoing AHDM for pancreatic surgery.

While their algorithm differed from ours, where a crystalloid/

albumin fluid bolus (3:1 ratio) was administered when SVV

exceeded 12% or central venous oxygen saturation fell below 70%,

both studies demonstrate a consistent decrease in LOS and severe

complications in patients receiving AHDM.

A meta-analysis employing AHDM for non-cardiac surgery

patients indicated that AHDM could lower postoperative

complication rates, most commonly infections and anastomotic

leakage (30). However, the effectiveness of AHDM in reducing

mortality or shortening LOS remains unclear. While goal-

directed therapy algorithms have been extensively studied in

patients undergoing major surgery, multiple large, randomised,

control trials have largely failed to demonstrate any significant

difference in clinically meaningful patient-centred outcomes (30).

While many of these algorithms aim to maximise a physiological

endpoint or achieve a target derived from a cohort of patients,

such targets may be entirely inappropriate for any given

individual. Our AHDM algorithm respects that each patient

requires a unique approach and supports the use of precision

and personalised haemodynamic management for such patients.

Perioperative guidelines and goal-directed therapy algorithms

frequently prescribe MAP or SBP targets in isolation to other

haemodynamic parameters. However, in patients undergoing major

surgery, there can be significant reductions in MAP occurring

simultaneously to significant increases in CVP. The combined effect

can lead to a critical reduction in the arteriovenous pressure

gradient across vital organs below their auto-regulatory threshold,

and end-organ hypoperfusion. The AHDM algorithm described in

our study respects this physiological tenet by targeting a “perfusion

pressure” across the systemic circulation. Previous research has

described perfusion pressure as highly heterogeneous between

patients and within the same patient over time, with lower

perfusion pressures being more strongly associated with negative

outcomes than MAP or CVP pressures individually (31, 32).

The goal-directed therapy algorithms employed in theOPTIMISE

I and II trials attempted to maximise SV through repeated fluid

boluses and inotropic support titration (33, 34). By contrast, the

AHDM algorithm described in our study sought to individualise
Frontiers in Surgery 09
each patient’s SV to their preoperative baseline values. Compared

with our study, patients in the OPTIMISE I trial had markedly

higher rates of complications despite greater fluid therapy

administration in both intervention (7.1 vs. 5.3 ml/kg/h) and

control arms (8.9 vs. 5.2 ml/kg/h), higher vasoactive therapy use

and comparatively shorter operations (33). However, the

OPTIMISE I trial was not specific to HBP surgery and numerous

other methodological differences make direct comparison difficult.

Our AHDM algorithm permitted fluid boluses in response to the

needs of the circulation, in accordance with an individualised SVV

target that was dynamically adjusted for each patient. Prior

research has demonstrated the benefits of accurate SVV

measurements and a high target (SVV> 25%) in managing

volume status during hepatic resection (35–38) and improving

outcomes following pancreaticoduodenectomy (17, 21). While

SVV monitoring has been correlated with decreased intraoperative

bleeding (39), this association was not observed in the present study.

Our study had a relatively low incidence of complications

related to excessive or insufficient fluid therapy, including

pulmonary oedema, acute kidney injury, and surgical site

infection. A large retrospective study of non-cardiac surgical

patients found the optimal fluid therapy rate associated with the

lowest incidence of complications was between 6 and 7 ml/kg/h

(40). Our study varies only marginally from this reported

optimal range. Compared with the RELIEF trial, which

randomised patients to restrictive and liberal fluid therapy in

major abdominal surgery, patients in both arms of our study

received less fluid than either the restrictive (6.5 ml/kg/h) and

liberal (10.9 ml/kg/h) groups, less vasoactive support than either

the restrictive (81.7%) and liberal (78.2%) groups, and had longer

durations of surgery (41). Despite this, the incidence of acute

kidney injury and surgical site infection were both higher in the

RELIEF trial than our study. It is important to note that the

RELIEF trial excluded liver resection patients; however, their

inclusion criteria ensured their overall patient population was at

an increased risk of postoperative complications—a selection

variable that was not considered in the present study.

Noradrenaline was the primary vasopressor administered in

our study; its use is rationalised by its vasoconstrictive,

ionotropic, and chronotropic effects, collectively enhancing

systemic vascular resistance, venous return, and preload. By

comparison, the RELIEF trial favoured the use of metaraminol as

the primary vasopressor of choice. While early noradrenaline use

has been associated with reduced fluid resuscitation and related

complications (42), the optimal vasoactive agent for surgical

patients remains an area of active research (43).
4.3 Strengths and limitations

Our study has several strengths. To date, it is the largest

multicentre retrospective analysis reporting the effects of a patient-

specific, surgery-specific AHDM algorithm on TO, enhancing the

generalisability of our findings. The use of propensity score

matching and IPTW helped mitigate potential confounding

factors, enhancing the robustness of our results. Since this study
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was conducted in three hospitals, its external validity is applicable to

other hospitals undertaking similar procedures. Finally, our findings

provide foundational data for sample size calculations for future

randomised, controlled trials in this area.

Our study also has several limitations. While we controlled for

multiple variables, unmeasured confounders could still influence

our results because of the retrospective nature of the study. The

use of AHDM at the sample hospitals was at the discretion of

the attending anaesthesiologist, introducing the possibility of

selection bias. Despite our efforts to address missing data, the

presence of missing values may introduce bias and affect the

generalisability of our findings. Finally, given the retrospective

nature of this study, we cannot establish a causal relationship

between our AHDM algorithm and TO.
5 Conclusion

The intraoperative use of a patient-specific, surgery-specific

AHDM algorithm during HBP surgery increased the rate of TO

after surgery. Individualised AHDM was associated with reduced

surgery-specific complications, severe postoperative complications,

and hospital LOS. A larger, prospective, randomised control trial

testing this AHDM algorithm’s effect(s) on the outcome(s) in this

patient cohort is justified.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involvinghumanswere approvedby theAustinHealth

Human Research Ethics Committee (approval number 2022/Austin/

34). The studies were conducted in accordance with the local

legislation and institutional requirements. The ethics committee/

institutional review board waived the requirement of written

informed consent for participation from the participants or the

participants’ legal guardians/next of kin because Waiver of consent

was approved by the ethics committee in accordance with Section 4,

Chapter 4.4 of the National Statement on Ethical Conduct in

Human Research, Australia (2007, updated 2018 and 2023) (the

National Statement). Aligned with the National Statement, a Waiver

of consent for this research was approved for the following reasons:

1. It was impractical to obtain consent (Section 2, Chapter 2.3,

Section 2.3.10c). 2. There is no known or likely reason for thinking

participants would not have consented if they had been asked

(Section 2, Chapter 2.3, Section 2.3.10d). 3. Involvement in the

research carries no more than low risk (see paragraphs 2.1.6 and

2.1.7, page 18) to participants. 4. The benefits from the research

justify any risks of harm associated with not seeking

consent. 5. There is sufficient protection of participants’

privacy. 6. There is an adequate plan to protect the confidentiality of
Frontiers in Surgery 10
data. 7. The possibility of commercial exploitation of derivatives of

the data or tissue will not deprive the participants of any financial

benefits to which they would be entitled. 8. And the waiver is not

prohibited by Australian State, federal, or international law.
Author contributions

BC: Data curation, Investigation, Methodology, Validation,

Visualization, Writing – review & editing. LW: Data curation,

Investigation, Methodology, Validation, Visualization, Writing –

review & editing, Conceptualization, Project administration,

Resources, Supervision, Writing – original draft. LF: Data curation,

Investigation, Validation, Writing – review & editing. JH: Data

curation, Investigation, Writing – review & editing. AC: Data

curation, Investigation, Methodology, Writing – review & editing.

HS: Data curation, Investigation, Methodology, Writing – review &

editing. PL: Data curation, Writing – review & editing. SW:

Investigation, Methodology, Writing – review & editing, Data

curation. ST: Investigation, Methodology, Writing – review &

editing. DL: Investigation, Writing – review & editing, Methodology.

VM: Investigation, Writing – review & editing. MP: Data curation,

Investigation, Writing – review & editing. MN: Investigation,

Writing – review & editing, Data curation. D-KL: Writing – review

& editing, Conceptualization, Formal Analysis, Investigation,

Methodology, Validation, Visualization, Writing – original draft.
Funding

The authors declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fsurg.2024.

1353143/full#supplementary-material
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fsurg.2024.1353143/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fsurg.2024.1353143/full#supplementary-material
https://doi.org/10.3389/fsurg.2024.1353143
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Carp et al. 10.3389/fsurg.2024.1353143
References
1. Pitt HA, Kilbane M, Strasberg SM, Pawlik TM, Dixon E, Zyromski NJ, et al. ACS-
NSQIP has the potential to create an HPB-NSQIP option. HPB (Oxford). (2009) 11
(5):405–13. doi: 10.1111/j.1477-2574.2009.00074.x

2. Kim SY, Weinberg L, Christophi C, Nikfarjam M. The outcomes of
pancreaticoduodenectomy in patients aged 80 or older: a systematic review
and meta-analysis. HPB (Oxford). (2017) 19(6):475–82. doi: 10.1016/j.hpb.2017.
01.018

3. Pugalenthi A, Protic M, Gonen M, Kingham TP, Angelica MI, Dematteo RP, et al.
Postoperative complications and overall survival after pancreaticoduodenectomy for
pancreatic ductal adenocarcinoma. J Surg Oncol. (2016) 113(2):188–93. doi: 10.
1002/jso.24125

4. Sánchez-Velázquez P, Muller X, Malleo G, Park JS, Hwang HK, Napoli N, et al.
Benchmarks in pancreatic surgery: a novel tool for unbiased outcome comparisons.
Ann Surg. (2019) 270(2):211–8. doi: 10.1097/sla.0000000000003223

5. Correa-Gallego C, Tan KS, Arslan-Carlon V, Gonen M, Denis SC, Langdon-
Embry L, et al. Goal-directed fluid therapy using stroke volume variation for
resuscitation after low central venous pressure-assisted liver resection: a randomized
clinical trial. J Am Coll Surg. (2015) 221(2):591–601. doi: 10.1016/j.jamcollsurg.2015.
03.050

6. Kolfschoten NE, Kievit J, Gooiker GA, van Leersum NJ, Snijders HS, Eddes EH,
et al. Focusing on desired outcomes of care after colon cancer resections; hospital
variations in ‘textbook outcome’. Eur J Surg Oncol. (2013) 39(2):156–63. doi: 10.
1016/j.ejso.2012.10.007

7. Busweiler LA, Schouwenburg MG, van Berge Henegouwen MI, Kolfschoten NE,
de Jong PC, Rozema T, et al. Textbook outcome as a composite measure in
oesophagogastric cancer surgery. Br J Surg. (2017) 104(6):742–50. doi: 10.1002/bjs.
10486

8. Nolan T, Berwick DM. All-or-none measurement raises the bar on performance.
JAMA. (2006) 295(10):1168–70. doi: 10.1001/jama.295.10.1168

9. Görgec B, Benedetti Cacciaguerra A, Lanari J, Russolillo N, Cipriani F, Aghayan
D, et al. Assessment of textbook outcome in laparoscopic and open liver surgery.
JAMA Surg. (2021) 156(8):e212064. doi: 10.1001/jamasurg.2021.2064

10. Mehta R, Paredes AZ, Tsilimigras DI, Moro A, Sahara K, Farooq A, et al.
Influence of hospital teaching status on the chance to achieve a textbook outcome
after hepatopancreatic surgery for cancer among Medicare beneficiaries. Surgery.
(2020) 168(1):92–100. doi: 10.1016/j.surg.2020.02.024

11. Tsilimigras DI, Mehta R, Merath K, Bagante F, Paredes AZ, Farooq A, et al.
Hospital variation in textbook outcomes following curative-intent resection of
hepatocellular carcinoma: an international multi-institutional analysis. HPB
(Oxford). (2020) 22(9):1305–13. doi: 10.1016/j.hpb.2019.12.005

12. Pretzsch E, Koliogiannis D, D’Haese JG, Ilmer M, Guba MO, Angele MK, et al.
Textbook outcome in hepato-pancreato-biliary surgery: systematic review. BJS Open.
(2022) 6(6):zrac149. doi: 10.1093/bjsopen/zrac149

13. Görgec B, Cacciaguerra AB, Pawlik TM, Aldrighetti LA, Alseidi AA, Cillo U, et al.
An international expert Delphi consensus on defining textbook outcome in liver surgery
(TOLS). Ann Surg. (2023) 277(5):821–8. doi: 10.1097/sla.0000000000005668

14. van Roessel S, Mackay TM, van Dieren S, van der Schelling GP, Nieuwenhuijs
VB, Bosscha K, et al. Textbook outcome: nationwide analysis of a novel quality
measure in pancreatic surgery. Ann Surg. (2020) 271(1):155–62. doi: 10.1097/sla.
0000000000003451

15. Torregiani G, Claroni C, Covotta M, Naccarato A, Canfora M, Giannarelli D,
et al. Impact of a goal-directed fluid therapy on length of hospital stay and costs of
hepatobiliarypancreatic surgery: a prospective observational study. J Comp Eff Res.
(2018) 7(12):1171–9. doi: 10.2217/cer-2018-0041

16. Peltoniemi P, Pere P, Mustonen H, Seppänen H. Optimal perioperative fluid
therapy associates with fewer complications after pancreaticoduodenectomy.
J Gastrointest Surg. (2023) 27(1):67–77. doi: 10.1007/s11605-022-05453-3

17. Weinberg L, Banting J, Churilov L, McLeod RL, Fernandes K, Chao I, et al. The
effect of a surgery-specific cardiac output-guided haemodynamic algorithm on
outcomes in patients undergoing pancreaticoduodenectomy in a high-volume
centre: a retrospective comparative study. Anaesth Intensive Care. (2017) 45
(5):569–80. doi: 10.1177/0310057x1704500507

18. Weinberg L, Ianno D, Churilov L, McGuigan S, Mackley L, Banting J, et al. Goal
directed fluid therapy for major liver resection: a multicentre randomized controlled
trial. Ann Med Surg (Lond). (2019) 45:45–53. doi: 10.1016/j.amsu.2019.07.003

19. Weinberg L, Mackley L, Ho A, McGuigan S, Ianno D, Yii M, et al. Impact of a
goal directed fluid therapy algorithm on postoperative morbidity in patients
undergoing open right hepatectomy: a single centre retrospective observational
study. BMC Anesthesiol. (2019) 19(1):135. doi: 10.1186/s12871-019-0803-x

20. Imai E, Morohashi Y, Mishima K, Ozaki T, Igarashi K, Wakabayashi G. A goal-
directed therapy protocol for preventing acute kidney injury after laparoscopic liver
resection: a retrospective observational cohort study. Surg Today. (2022) 52
(9):1262–74. doi: 10.1007/s00595-022-02453-3
Frontiers in Surgery 11
21. Weinberg L, Ianno D, Churilov L, Chao I, Scurrah N, Rachbuch C, et al.
Restrictive intraoperative fluid optimisation algorithm improves outcomes in
patients undergoing pancreaticoduodenectomy: a prospective multicentre
randomized controlled trial. PLoS One. (2017) 12(9):e0183313. doi: 10.1371/journal.
pone.0183313

22. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP.
The strengthening the reporting of observational studies in epidemiology (STROBE)
statement: guidelines for reporting observational studies. J Clin Epidemiol. (2008) 61
(4):344–9. doi: 10.1016/j.jclinepi.2007.11.008

23. Koch M, Garden OJ, Padbury R, Rahbari NN, Adam R, Capussotti L, et al. Bile
leakage after hepatobiliary and pancreatic surgery: a definition and grading of severity
by the international study group of liver surgery. Surgery. (2011) 149(5):680–8. doi: 10.
1016/j.surg.2010.12.002

24. Rahbari NN, Garden OJ, Padbury R, Brooke-Smith M, Crawford M, Adam R,
et al. Posthepatectomy liver failure: a definition and grading by the international
study group of liver surgery (ISGLS). Surgery. (2011) 149(5):713–24. doi: 10.1016/j.
surg.2010.10.001

25. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a
new proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann
Surg. (2004) 240(2):205–13. doi: 10.1097/01.sla.0000133083.54934.ae

26. Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham M, et al. The
2016 update of the international study group (ISGPS) definition and grading of
postoperative pancreatic fistula: 11 years after. Surgery. (2017) 161(3):584–91.
doi: 10.1016/j.surg.2016.11.014

27. Wente MN, Veit JA, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, et al.
Postpancreatectomy hemorrhage (PPH): an international study group of pancreatic
surgery (ISGPS) definition. Surgery. (2007) 142(1):20–5. doi: 10.1016/j.surg.2007.02.
001

28. Jammer I, Wickboldt N, Sander M, Smith A, Schultz MJ, Pelosi P, et al.
Standards for definitions and use of outcome measures for clinical effectiveness
research in perioperative medicine: European Perioperative Clinical Outcome
(EPCO) definitions: a statement from the ESA-ESICM joint taskforce on
perioperative outcome measures. Eur J Anaesthesiol. (2015) 32(2):88–105. doi: 10.
1097/eja.0000000000000118

29. Sweigert PJ, Ramia JM, Villodre C, Carbonell-Morote S, De-la-Plaza R, Serradilla
M, et al. Textbook outcomes in liver surgery: a systematic review. J Gastrointest Surg.
(2023) 27(6):1277–89. doi: 10.1007/s11605-023-05673-1

30. Jessen MK, Vallentin MF, Holmberg MJ, Bolther M, Hansen FB, Holst JM, et al.
Goal-directed haemodynamic therapy during general anaesthesia for noncardiac
surgery: a systematic review and meta-analysis. Br J Anaesth. (2022) 128(3):416–33.
doi: 10.1016/j.bja.2021.10.046

31. Ince C, Sinaasappel M. Microcirculatory oxygenation and shunting in sepsis and
shock. Crit Care Med. (1999) 27(7):1369–77. doi: 10.1097/00003246-199907000-00031

32. De Backer D, Creteur J, Preiser JC, Dubois MJ, Vincent JL. Microvascular blood
flow is altered in patients with sepsis. Am J Respir Crit Care Med. (2002) 166
(1):98–104. doi: 10.1164/rccm.200109-016°c

33. Pearse RM, Harrison DA, MacDonald N, Gillies MA, Blunt M, Ackland G, et al.
Effect of a perioperative, cardiac output-guided hemodynamic therapy algorithm on
outcomes following major gastrointestinal surgery: a randomized clinical trial and
systematic review. JAMA. (2014) 311(21):2181–90. doi: 10.1001/jama.2014.5305

34. Edwards MR, Forbes G, MacDonald N, Berdunov V, Mihaylova B, Dias P, et al.
Optimisation of perioperative cardiovascular management to improve surgical
outcome II (OPTIMISE II) trial: study protocol for a multicentre international trial
of cardiac output-guided fluid therapy with low-dose inotrope infusion compared
with usual care in patients undergoing major elective gastrointestinal surgery. BMJ
Open. (2019) 9(1):e023455. doi: 10.1136/bmjopen-2018-023455

35. Choi JM, Lee YK, Yoo H, Lee S, Kim HY, Kim YK. Relationship between stroke
volume variation and blood transfusion during liver transplantation. Int J Med Sci.
(2016) 13(3):235–9. doi: 10.7150/ijms.14188

36. Shih TH, Tsou YH, Huang CJ, Chen CL, Cheng KW, Wu SC, et al. The
correlation between CVP and SVV and intraoperative minimal blood loss in living
donor hepatectomy. Transplant Proc. (2018) 50(9):2661–3. doi: 10.1016/j.
transproceed.2018.04.007

37. Dunki-Jacobs EM, Philips P, Scoggins CR, McMasters KM, Martin RC 2nd.
Stroke volume variation in hepatic resection: a replacement for standard central
venous pressure monitoring. Ann Surg Oncol. (2014) 21(2):473–8. doi: 10.1245/
s10434-013-3323-9

38. Biancofiore G, Critchley LA, Lee A, Bindi L, Bisà M, Esposito M, et al.
Evaluation of an uncalibrated arterial pulse contour cardiac output monitoring
system in cirrhotic patients undergoing liver surgery. Br J Anaesth. (2009) 102
(1):47–54. doi: 10.1093/bja/aen343

39. Ratti F, Cipriani F, Reineke R, Catena M, Paganelli M, Comotti L, et al.
Intraoperative monitoring of stroke volume variation versus central venous pressure
frontiersin.org

https://doi.org/10.1111/j.1477-2574.2009.00074.x
https://doi.org/10.1016/j.hpb.2017.01.018
https://doi.org/10.1016/j.hpb.2017.01.018
https://doi.org/10.1002/jso.24125
https://doi.org/10.1002/jso.24125
https://doi.org/10.1097/sla.0000000000003223
https://doi.org/10.1016/j.jamcollsurg.2015.03.050
https://doi.org/10.1016/j.jamcollsurg.2015.03.050
https://doi.org/10.1016/j.ejso.2012.10.007
https://doi.org/10.1016/j.ejso.2012.10.007
https://doi.org/10.1002/bjs.10486
https://doi.org/10.1002/bjs.10486
https://doi.org/10.1001/jama.295.10.1168
https://doi.org/10.1001/jamasurg.2021.2064
https://doi.org/10.1016/j.surg.2020.02.024
https://doi.org/10.1016/j.hpb.2019.12.005
https://doi.org/10.1093/bjsopen/zrac149
https://doi.org/10.1097/sla.0000000000005668
https://doi.org/10.1097/sla.0000000000003451
https://doi.org/10.1097/sla.0000000000003451
https://doi.org/10.2217/cer-2018-0041
https://doi.org/10.1007/s11605-022-05453-3
https://doi.org/10.1177/0310057x1704500507
https://doi.org/10.1016/j.amsu.2019.07.003
https://doi.org/10.1186/s12871-019-0803-x
https://doi.org/10.1007/s00595-022-02453-3
https://doi.org/10.1371/journal.pone.0183313
https://doi.org/10.1371/journal.pone.0183313
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1016/j.surg.2010.12.002
https://doi.org/10.1016/j.surg.2010.12.002
https://doi.org/10.1016/j.surg.2010.10.001
https://doi.org/10.1016/j.surg.2010.10.001
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1016/j.surg.2016.11.014
https://doi.org/10.1016/j.surg.2007.02.001
https://doi.org/10.1016/j.surg.2007.02.001
https://doi.org/10.1097/eja.0000000000000118
https://doi.org/10.1097/eja.0000000000000118
https://doi.org/10.1007/s11605-023-05673-1
https://doi.org/10.1016/j.bja.2021.10.046
https://doi.org/10.1097/00003246-199907000-00031
https://doi.org/10.1164/rccm.200109-016&deg;c
https://doi.org/10.1001/jama.2014.5305
https://doi.org/10.1136/bmjopen-2018-023455
https://doi.org/10.7150/ijms.14188
https://doi.org/10.1016/j.transproceed.2018.04.007
https://doi.org/10.1016/j.transproceed.2018.04.007
https://doi.org/10.1245/s10434-013-3323-9
https://doi.org/10.1245/s10434-013-3323-9
https://doi.org/10.1093/bja/aen343
https://doi.org/10.3389/fsurg.2024.1353143
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Carp et al. 10.3389/fsurg.2024.1353143
in laparoscopic liver surgery: a randomized prospective comparative trial. HPB
(Oxford). (2016) 18(2):136–44. doi: 10.1016/j.hpb.2015.09.005

40. Shin CH, Long DR, McLean D, Grabitz SD, Ladha K, Timm FP, et al.
Effects of intraoperative fluid management on postoperative outcomes: a hospital
registry study. Ann Surg. (2018) 267(6):1084–92. doi: 10.1097/sla.
0000000000002220

41. Myles P, Bellomo R, Corcoran T, Forbes A, Wallace S, Peyton P, et al. Restrictive
versus liberal fluid therapy in major abdominal surgery (RELIEF): rationale and design
Frontiers in Surgery 12
for a multicentre randomised trial. BMJ Open. (2017) 7(3):e015358. doi: 10.1136/
bmjopen-2016-015358

42. Bai X, Yu W, Ji W, Lin Z, Tan S, Duan K, et al. Early versus delayed
administration of norepinephrine in patients with septic shock. Crit Care. (2014) 18
(5):532. doi: 10.1186/s13054-014-0532-y

43. Fan C-N, Yang S-J, Shih P-Y, Wang M-J, Fan S-Z, Tsai J-C, et al. Comparing
effects of intraoperative fluid and vasopressor infusion on intestinal
microcirculation. Sci Rep. (2020) 10(1):19856. doi: 10.1038/s41598-020-76983-6
frontiersin.org

https://doi.org/10.1016/j.hpb.2015.09.005
https://doi.org/10.1097/sla.0000000000002220
https://doi.org/10.1097/sla.0000000000002220
https://doi.org/10.1136/bmjopen-2016-015358
https://doi.org/10.1136/bmjopen-2016-015358
https://doi.org/10.1186/s13054-014-0532-y
https://doi.org/10.1038/s41598-020-76983-6
https://doi.org/10.3389/fsurg.2024.1353143
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	The effect of an intraoperative patient-specific, surgery-specific haemodynamic algorithm in improving textbook outcomes for hepatobiliary–pancreatic surgery: a multicentre retrospective study
	Introduction
	Methodology
	Inclusion and exclusion criteria
	Routine care for all patients
	Usual care group
	AHDM group
	Key outcomes
	Definitions
	Statistical analysis

	Results
	Primary outcome
	Secondary outcome

	Discussion
	Key findings
	Relations to the literature
	Strengths and limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


