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Abstract
Purpose: Intra-operative hypotension (IOH) is associated 
with a poor post-operative outcome. Consequently, it 
seems important to reduce the incidence of hypotensive 
events during anesthesia. The HemosphereTM (Edwards 
Lifescience Co., Irwin, CA, USA) platform provides the 
Hypotension Prediction Index (HPI), a predictive marker for 
a drop in blood pressure within a few minutes. We report 
the results of one year of application of a simple HPI-
algorithm aiming at reducing the incidence of IOH in open 
abdominal aortic repair (oAAr), a type of surgery during 
which hemodynamic stability is notably challenging.
Methods: We report the incidence of IOH in 40 patients 
submitted to oAAr in our tertiary Humanitas Research 
Hospital in Milan (Italy). The duration and severity of IOH 
was calculated by mean the Time Weighted Average (TWA) 
as follows: TWA = [(65-MAP) × time in hypotension]/Duration 
of monitoring. We compared TWA in our cohort with our 
preceding case series monitored by FloTrac/EV1000TM.
Results: TWA, expressed as median and IQR range, was 
0.3 (0.00÷0.73) mmHg while the duration of an hypotensive 
event was 2.0 (1.3÷3.1) minutes. The intra-operative 
time spent in hypotension was 3.54% and the number of 
hypotensive episodes for each patient was 1.5 (1÷3). TWA 
resulted lower than the comparison ones and lower than the 
value observed in the study performed by Wijnberge (TWA 
= 0.44 mmHg × minute) conducted in major surgery.
Conclusions: In open abdominal aortic surgery, the 
application of a simple algorithm based on HPI, seems to 
be able to reduce the incidence, severity and duration of 
arterial hypotension.

Abbreviations
AKI: Acute Kidney Injury; AoXC: Aortic Clamping; AoUC: 
Aortic Unclamping; CO: Cardiac Output; CI: Cardiac Index; 
DB: Dobutamine; DAP: Diastolic Arterial Pressure; dP/dt: 
Pressure Change in Time Unit; Eadyn = dynamic Arterial 
Elastance; HPI: Hypotension Prediction Index; ICU: 
Intensive Care Unit; LV: Left Ventricle; MAP: Mean Arterial 
Pressure; NE: Norepinephrine; PPV: Pulse Pressure 
Variation; POP: Post-Operative Pain; RCS: Red-Cell Saver; 
RVR: Regional Vascular Resistances; SV: Stroke Volume; 
SVI: Stroke Volume Index; SVV: Stroke Volume Variation; 
TWA: Time Weighted Average
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Introduction
Each living-being shows a peculiar original response 

to a given injury [1]. Indeed, if we could measure such 
injury and such response, we would be allowed to better 
deal with it and correct the impairment resulted, even 
before it happens, hence prevent it. Such a principle 
is also true about hemodynamics and its stability 
assessment, that is the reason we need to monitor the 
cardio-vascular function. S.A. Magder considers vascular 
resistances as the best marker of organ perfusion [2] 
and specifically the regional vascular resistances (RVR) 
are considered even more accurate [3]. However, 
we are not able to measure the resistances properly. 
Thus far the mean arterial pressure (MAP) has been 
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resulted in 40 cases. For this observational study we 
followed the STROBE (The Strengthening the Reporting 
of Observational Studies in Epidemiology) statement 
recommendations [2]. This study was approved by our 
institutional Local Ethical Committee (EC appr. 10/21); 
the study has not been registered on any clinical trial 
database. Data will be made available on a reasonable 
request.

Common intraoperative care and monitoring
All patients received general anesthesia (fentanyl, 

midazolam and propofol for the induction; oxygen-
air mixture and sevoflurane + remifentanil for the 
maintenance; rocuronium for the myorelaxation). 
Mechanical ventilation was set as follows: Tidal Volume 
7-8 ml/kg; positive end-expiratory pressure 5 cmH2O; 
minute ventilation to maintain EtCO2 30-35 mmHg 
and pCO2 34-38 mmHg; FiO2 40-60%. All patients 
received non-invasive blood pressure monitoring, 
electrocardiogram, heart rate, peripheral oximetry, 
end-tidal carbon dioxide and hourly diuresis. An arterial 
line was placed after induction.

Fluids management and Goal Directed Therapy were 
performed following the algorithm reported in Figure 1.

Maintenance fluid administration consisted of 
balanced crystalloids 4-5 ml/kg/h. Intraoperative blood 
management aimed to keep a level of Hemoglobin > 7 
g/dL. We used blood from a Red-Cell Saver (RCS) as first-
line choice and Packed-Red Cells (PRC) from the blood 
bank if RCS was not enough.

Opiates have been used since we do not administer 
epidural analgesia during and after surgery by more 
than ten years. For post-operative pain (POP) control, 
all the subjects received ropivacaine 0.4% 5 ml/h 
through a supra-fascial catheter inserted by the surgeon 
at the end of the procedure. The abdominal fascia was 
anesthetized with Ropivacaine 0.375% + Lidocaine 1% 
at the beginning of the operation. Multimodality POP 
control included oral pregabalin (300 mg) given once 
daily and I.V. paracetamol (1000 mg) given every 6 hours. 
Rescue analgesia was carried out by non-steroidal anti-
inflammatory drug (maximum twice in a day).

Surgical and monitoring time coincide.

All the patients followed our “fast-track” surgery 
protocol [16]: Surgical ward monitoring (ICU 
postoperatively admission only if necessary), early 
oral intake (a cup of tea), mobilization (sitting on an 
armchair) 4-6h after awakening and a brief walk 2-4h 
later.

Hemodynamic monitoring
Along with the standard monitoring all patients 

received the pulse-contour analysis-based hemodynamic 
monitoring by the Acumen HemosphereTM device 
(Edwards Lifescience, Irwin CA, USA) which provides 

demonstrated and then considered as indicator of the 
perfusion pressure of the organs [2].

Several studies showed the association between 
intra-operative hypotension and poor post-operative 
outcome, in terms of both morbidity and mortality [4-8]. 
Consequently, it seems crucial to reduce the incidence 
of hypotensive events during anesthesia.

The HemosphereTM (Edwards Lifescience Co., 
Irwin, CA, USA) platform provides the Hypotension 
Prediction Index (HPI), a predictive marker of blood 
pressure dropping within few minutes. HPI can predict 
a hypotension event (i.e. mean arterial pressure < 
65 mmHg for 1 minute, at least) in a timeline of 5-15 
min and it is based on 23 proprietary model features, 
derived from the analysis of the arterial wave [9]. Along 
with the HPI, other parameters are available: Cardiac 
output (CO), stroke volume (SV), both also indexed, 
pulse pressure variation (PPV), stroke volume variation 
(SVV) and the ratio between the two, named dynamic 
arterial Elastance (Eadyn). Eadyn gives information about 
the left ventricle (LV) afterload and the ventriculo-
arterial coupling. In addition, the slope of the arterial 
wave provides the dP/dt. This parameter has been 
demonstrated to be well correlated with the left 
ventricle (LV) elastance. As a result, dP/dt provides 
information about contractility of the heart [8-10]. 
Integrating all the parameters into a simple protocol 
may help the operator to prevent and/or correct the 
cause of hemodynamic instability.

The consistency and benefit of HPI in predicting 
hypotension have been demonstrated by the decrease 
of the TWA (time weighted average) which summarizes 
the total time and severity of patient’s hypotension 
during surgery (i.e., mean arterial pressure, MAP, < 65 
mmHg for at least 1 minutes), [11-14]. We tested the 
use of the “Predict H-Trial” flow-chart made by Lorente-
Olazabal, et al. [15], but modified by us, in hemodynamic 
management of patients undergoing abdominal aorta 
open repair. This type of surgery is very challenging 
for keeping hemodynamic stability. This retrospective 
analysis of our database reports the results of the first 
year of application of a simple HPI-protocol aiming to 
reduce the incidence of IOH in abdominal aortic surgery.

Materials and Methods
Between March 2021 and April 2022 fifty-five 

patients were scheduled to elective open abdominal 
aortic surgery under general anesthesia. Exclusion 
criteria were: age < 18 years, pregnant patients, 
emergency surgery, persistent atrial fibrillation and 
subjects who underwent heart-valve replacement. 
Endovascular aortic surgery or mixed (endovascular + 
open procedure) surgery, were excluded because in our 
hospital a different team of anesthetists perform these 
procedures. Out of the whole group, 15 patients’ data 
were not completely collected; hence the final sample 
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stability during the surgery including the two most 
critical events: The aortic cross-clamping (AoXC) and 
unclamping (AoUC). For this purpose, we checked 
TWA in our cohort. TWA was calculated automatically 
by AcumenTM software, according to the following 
formula: TWA = [(65-MAP) × time in hypotension]/
Monitoring duration. We compared our TWA with the 
one resulted in a previous cohort of patient monitored 
with FloTrac/EV1000TM (Edwards Lifescience, Irwin CA, 
USA) (mean TWA = 0.45 mmHg; data not published). 
Intra-operative data were collected at three time 
points: 20-30 minutes after anesthesia induction 
(Basal o t0), 5 minutes after AoXC (t1) and 5 minutes 
after AoUC (t2). Blood-gas-analysis (BGA) was tested 
at the same timepoints. Postoperative complications 
recording during the hospital staying were classified 
as respiratory diseases (Atelectasis or Pneumonia), 
major cardiac adverse events (myocardial ischemia or 
arrythmia) and Acute Kidney Injury (AKI) according the 
KIDGO guidelines, [20]. Other complications included 
any other minor event spontaneously resolved during 
the hospital staying.

Statistics
Data were analyzed as frequencies and percentages 

for categorical variables and as mean and standard 
deviation (SD) or as medians and interquartile ranges 
(IQRs), as appropriate, for continuous variables. We 
used the ANOVA analysis (with Geisser-Greenhouse 
correction, as appropriate), Student’s T Test for 
parametric variables and Wilcoxon rank-sum test and 
Sign test for non-parametric variables. Normality of 
distribution was assessed using the Shapiro-Wilkinson 
normality test. We assumed p < 0.05 for statistical 
significance. All analyses were performed with STATA 
(Stata/BE 17.0).

the cardiac output estimation and blood pressure 
measurements, the hypotension prediction index (HPI), 
PPV, SVV, the dynamic elastance (Eadyn), cardiac index 
(CI), stroke volume index (SVI) and arterial dP/dt. 

Hemodynamic protocol
Starting from the “Predict H-Trial” flow-chart by 

Lorente-Olazabal, et al. [17], we observed that HPI 
increases when DAP drops < 60 mmHg although MAP 
is still normal. Therefore, we modified the protocol by 
lowering the HPI alarm to 65-100 and adding diastolic 
blood pressure (DAP) control. Our hemodynamic 
management protocol is shown in Figure 1.

In case of fluid dependence (SVV > 13%), we checked 
Ea-dyn as it represents fluid responsiveness. If Ea-
dyn is < 1, the pressor response to fluids is expected 
to be weak (so a vasoconstrictor is the best option). 
Conversely, when Ea-dyn is > 1, blood pressure is 
supposed to respond to fluid administration [18]. In 
this case, we administered a fluid challenge of Ringer 
Acetate of 4 ml/kg within 10-15 min or colloids (albumin 
20% 100 ml) monitoring the responsiveness within 3-5 
min after the completion of the bolus. If the Ea-dyn was 
< 1, we administered norepinephrine (NE) 25 mcg i.v. 
bolus, and if still further needed, after the third bolus 
we started administering continous NE to decrease the 
HPI at a value < 65/100.

In case of inotrope drug needing, we tried 
Ethylephrine (since it has β and α effects) 2 mg i.v. bolus. 
After the third bolus we started Dobutamine infusion 
with the aim to maintain dP/dt > 400 mmHg/sec.

Study outcomes
Our study is a retrospective analysis about the efficacy 

of a HPI-protocol in maintaining the hemodynamic 

         

Figure: The algorithm.
From the Predict H-Trial [DOI: https://doi.org/10.21203/rs.3.rs-78790/v1] modified with the permission of I. Garcia Monge.

https://doi.org/10.23937/2377-4630/1410175


ISSN: 2377-4630DOI: 10.23937/2377-4630/1410175

Giustiniano et al. Int J Anesthetic Anesthesiol 2024, 11:175 • Page 4 of 8 •

average 3.54% and the median number of hypotensive 
episodes for each patient was 1.5 (1-3).

Stroke volume, cardiac index and dynamic arterial 
elastance improved significantly along the critical phases 
of the surgery (p = 0.0015, p = 0.0252 and p < 0.001, 
respectively). Conversely, even in normal range, mean 
arterial pressure and dP/dt did not change significantly 
(p = 0.051 and p = 0.370, respectively). Stroke Volume 
and Ea-dyn improved significantly from baseline during 
AoXC (p = 0.0064 and p < 0.001 respectively) and during 
AoUC (p = 0.0064 and p = 0.0039 respectively). CI 

Results
Out of 54 eligible patients, the final sample we 

considered for the study included 40 patients which 
data were completely available.

Table 1 shows the characteristic of the population 
sample. Intraoperative hemodynamic data are reported 
in Table 2. The time weighted average was 0.3 (0.00-0.73) 
mmHg, and the median duration of each hypotensive 
event was 2.0 (1.3-3.1) minutes. The percentage of the 
time spent in hypotension during the operation was on 

Table 1: Population.

N or median (range) %
Sample 40

Age (yrs) 73 (57-83)

ASA 3 (2-3)

Male 37 92.5

BMI (kg/m2) 26 (19-35)

Risk factors/Co-morbidities

Smoking 34 85.0

Hypertension 38 95.0

Diabetes 8 20.0

Obesity (BMI ≥ 30 kg/m2) 9 22.5

Chronic Cardiac Ischemia 15 37.5

Arrhythmia 7 17.5

COPD 18 45.0

COPD + OSAS 1 2.5

Peripheral vascular disease 3 7.5

CRF 6 15.0

Liver disease 2 5.0

Previous COVID 1 2.5

Previous cerebro-vascular disease 5 12.5

ASA: American Society of Anesthesiology score; BMI: Body Mass Index; COPD: Chronic Obstructive Pulmonary Disease; OSAS: 
Obstructive Sleep-Apnea Syndrome; CRF: Chronic Renal Failure.

Table 2:  Hemodynamics management according to the protocol.

Parameter Basal AoXC AoUC p
MAP (mmHg) 85 (12.81) 79 (9.25) 81 (14.10) 0.051

HR (bpm) 63 (57÷70) 58 (52÷65) 63 (56.5÷70) 0.26

SV (ml) 66 (59.7÷77.1) 84 (61.6÷77.1) 87 (68.9÷110.8) 0.0015*

CI (L/min/m2) 2.1 (1.8÷2.9) 2.3 (1.9÷2.9) 2.5 (2.2÷2.9) 0.0252** 

Ea-dyn 1.2 (1÷1.4) 0.9 (0.8÷1) 1.00 (0.8÷1.2) <0.001

dP/dt (mmHg/sec) 764.7 (292.57) 699.45 (267.23) 702.28 (275.42) 0.37

TWA (mmHg) 0.3 (0.00-0.73)

Average time of hypotensive event (min) 2.0 (1.3-3.1)

Average percentage of hypotension duration (%) 3.54

Number of hypotensive event/patient (n) 1.5 (1-3)

Data reported as Mean and SD and as Median and IQR; One-way ANOVA test for comparison between Repeated Measures; 
Basal: 20-30 minutes after anesthesia induction; AoXC: 5 minutes after aortic clamping; AoUC: 5 minutes after aortic unclamping. 
MAP: Mean Arterial Pressure (Radial); HR: Heart Rate; SV: Stroke Volume; Ea-dyn: Dynamic Arterial Elastance; dP/dt: the 
change of arterial pressure within the time unit; TWA: Time Weighted Average; *T0 vs. T1 (0.0064); T0 vs. tT2 (0.0064); **T0 vs. 
T1 (0.011); T1 vs. T2 (0.0016); ***T0 vs. T1 (<0.001); T0 vs. T2 (0.0039)

https://doi.org/10.23937/2377-4630/1410175
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Patients who received both NE and DB showed increased 
CI (p = 0.0035). These results are listed in Table 3.

Table 4 reports data about the intraoperative fluid 
management. Crystalloids solutions needing did not 
differ significantly between patients who received 
vasoactive drugs and who did not (p = 0.694). Conversely, 
90.5% of subjects who received NE + DB needed a higher 
quote of colloid solutions (p = 0.0015), showed a greater 
blood loss (p = 0.0029) and received a higher rate of red-
cell saver transfusion (p = 0.0014).

increased steadily during the three phases: baseline vs 
AoXC (p = 0.011) and AoXC vs. AoUC (0.0016).

Twenty-one patients needed vasoactive support, 15 
required Norepinephrine and 6 needed norepinephrine 
and dobutamine. Patients who did not receive vasoactive 
drugs (n = 19), showed the intraoperative hemodynamic 
improvement of SV and CI along the three main phases 
we investigated. Conversely, patients who requested 
norepinephrine showed improvement only in heart rate 
(p = 0.0182) and normalization of Ea-dyn (p = 0.0023). 

Table 3: Vasoactive drug administration.

Parameter Basal* AoXC AoUC p
No vasoactive drugs (n = 19)  

MAP (mmHg) 83 (14.5) 80 (6.3) 82 (14.7) 0.5775

HR (bpm) 60 (53÷70) 59 (53÷65) 63 (59÷68) 0.7414

SV (ml) 69 (46÷92)§ 75 (55÷114) 82 (45÷80)§ 0.0327

CI (L/min/m2) 1.0 (0.6÷1.5)§§ 2.1 (1.1÷3.0) 2.6 (2.0÷3.6)§§ 0.0118

Ea-dyn 1.2 (0.7-1.8) 0.9 (0.6-1.3) 1.00 (0.6÷1.5) 0.0767

dP/dt (mmHg/sec) 743(303÷1439) 837 (380÷1242) 702(370÷131) 0.4595

Norepinephrine (n = 15)

MAP (mmHg) 85 (12.2) 78 (11.1) 77 (14.2) 0.2035

HR (bpm) 64 (9.2) 56 (10.8) 60 (11.6) 0.0182#

SV (ml) 74 (21.7) 83 (24.1) 79 (21) 0.6583

CI (L/min/m2) 2.6 (0.91) 2.5 (0.82) 2.6 (0.7) 0.6329

Ea-dyn 1.1 (0.3) 0.9 (0.2) 0.9 (0.2) 0.0023##

dP/dt (mmHg/sec) 763 (284.1) 593 (211.1) 676 (248.1) 0.7012

Norepinephrine + Dobutamine (n = 6)

MAP (mmHg) 87.5 (10.0) 74 (12.1) 88 (9.4) 0.0290¶

HR (bpm) 67 (10.5) 68 (26.2) 77 (24.4) 0.4822

SV (ml) 58 (7.3) 64 (9.8) 66 (15.9) 0.4104

CI (L/min/m2) 1.9 (0.1) 2 (0.3) 2.4 (0.2) 0.0035¶¶

Ea-dyn 1.3 (0.3) 1 (0.4) 1.3 (0.3) 0.0616

dP/dt (mmHg/sec) 645 (309) 555 (222) 698 (389) 0.4744

Data are listed as Mean and SD and as Median and IQR. One-way ANOVA test for comparison between Repeated Measures; 
Basal: 20-30 minutes after anesthesia induction; AoXC: 5 minutes after aortic clamping; AoUC: 5 minutes after aortic unclamping; 
*Before vasoactive drugs started and administered according the HPI protocol.
§p = 0.0207; §§p = 0.0060; #HR basal vs. AoXC p = 0.0277; HR basal vs. AoUC p = 0.0409; ##Ea-dyn Basal vs. AoXC p = 0.0044; 
Ea-dyn Basal vs. AoUC p = 0.0135; ¶MAP basal vs. AoXC p = 0.0244; ¶¶CI basal vs. AoUC p = 0.0039.

Table 4: Intraoperative fluid.

No vasoactive drugs

n = 19

Vasoactive drugs (NE + DB)

n = 21

p

Crystalloids (ml) 963.16 (153.9) 942.86 (168.7) 0.694*

Patients needing colloids (n,% in brackets) 7 (36.8) 19 (90.5)

Colloids (ml/kg) 0.0 (0.0÷1.1) 1.2 (1.1÷1.5) 0.0015

Diuresis (ml/kg/h) 0.8 (0.6÷1.3) 0.6 (0.5÷1.0) 0.4089

Blood loss (ml/kg) 6.7 (4.2÷10.0) 12.1 (9.5÷16.4) 0.0029

Blood transfusion (n) 0 2

Red-Cells Saver transfusion (ml/kg) 0.0 (0.0÷4.4.) 6.2 (3.4÷-8.3) 0.0014

Data are listed as mean and SD or as median and IQR. Statistical significance difference between the two groups is tested by 
t-Student test*, if normally distributed or by Wilcoxon test if not.

https://doi.org/10.23937/2377-4630/1410175
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Aiming at maintaining a safe mean arterial pressure, 
we adopted the Acumen IQ HPI software of the 
Hemosphere platform (Edwards Lifescience, Irwin, CA, 
USA) which provide the Hypotension Prediction Index 
(HPI) that alerts and quantify the risk of an incoming 
hypotensive event by the analysis of the arterial 
waveform. Since such a monitoring system has not yet 
been validated in abdominal major vascular surgery, we 
retrospectively analyzed the results of its application in 
such a homogenous type of surgical patients.

Abdominal aortic open repair is a challenging surgery 
for the anesthetist, particularly for the hemodynamic 
control, both due to the multiple comorbidities the 
patients and the aortic clamping and unclamping phases, 
which abruptly provoke changes of the cardiocirculatory 
setting [20].

Despite the almost unavoidable hemodynamic 
instability, particularly after the aortic unclamping, 
the TWA we reached in our cases was higher than the 
treated group of the validation trial by Wijnberge, et al., 
but lower than the patients of the control group [11]. 
The Authors enrolled 60 patients submitted to non-
cardiac major surgery and excluded vascular surgery 
cases. They found a TWA 0.44 (0.23-0.72) mmHg 
into the control group and a TWA 0.10 (0.01-0.43) 
mmHg into the treated group in which they adopted 
a protocol more complex than the one we used. The 
median TWA we reached was 0.3 mmHg, between 
those two values. Considering that in vascular surgery 
avoiding hemodynamic instability is almost impossible 
it could be a satisfactory result. Moreover, in a case 

The TWA between patients with a safe outcome 
and patients with complications was not different 
with a similar duration of the aortic clamping. We 
observed 6 AKI episodes and 5 pulmonary atelectasis. 
One case of post-operative atrial fibrillation occurred, 
and it was pharmacologically treated after cardiologist 
consultation. Finally, we observed a late recovery of 
intestinal functions (2 cases) and one case of superior 
mesenteric artery embolism and serum bilirubin > 1 
mg/dL that spontaneously resolved. The needing of 
vasoactive drugs for hemodynamic support did not 
result different between patients with a safe outcome 
and case with postoperative complications, and patients 
with a complicated outcome showed a longer length-
of-stay in comparison with subjects with an uneventful 
postoperative period (Table 5).

Discussion
The main result of our observational trial was that 

our protocol of hemodynamic management permitted 
to reduce the TWA to a median value lower than that 
Wijnberge, et al. observed in the control group of their 
HPI validation trial [11]. In those patients they found 
a TWA value of 0.44 mmHg, whilst in our cases we 
obtained TWA 0.3 mmHg. Since open aortic surgery is a 
challenging surgery from a hemodynamic point of view, 
we consider our result a good outcome.

During the last decade we learned that intra-
operative blood pressure control aiming at avoiding 
hypotensive events, is mandatory to limit the occurrence 
of post-operative complications [8,19].

Table 5: Postoperative outcome.

Uncomplicated outcome

n = 27

Complicated outcome

n = 13
TWA 0.30 (0.20÷0.31) 0.30 (0.22÷0.31)

Duration of aortic clamping (min) 53.2 (20.8) 51.5 (20.3)

Type of complications

Pulmonary Atelectasis - 5 

Atrial Fibrillation -  1

AKI§ 1 6 

Others - 3ç

Patients needing NE or NE + DB (n, % in brackets) 15 (55.5) 6 (46.2)

Pre-operative serum creatinine (mg/dL) 0.96 (0.82÷1.08)* 0.96 (0.76÷1.10)**

48h Post-operative serum creatinine (mg/dL) 1.02 (0.81÷1.10) 1.18 (0.83÷1.57)

Percentage Serum Creatinine variation (x100) 0.02 (-0.37÷0.21) 0.17 (-0.34÷0.69)

Length-of-Stay (days) 3 (3÷4) 5 (3÷7)

ICU admissions (n, % in brackets) 1 (3.7) 2 (15.4)

ICU-stay (days) 1 1

Death (n, % in brackets) 0 (0.0) 0 (0.0)

Data are listed as mean and SD or as median and IQR; TWA: Time Weighted Average; AKI: Acute Kidney Injury
§Post-operative serum Creatinine > 1.2 mg/dL or increased > 0.3 mg/dL; çRecovery of bowel motility > 2 days (n = 2); Superior 
Mesenteric Artery embolism and serum bilirubin > 1 mg/dL (n = 1); *Four patients showed preoperative serum Creatinine > 1.2 
mg/dL; **Five patients showed preoperative serum Creatinine > 1.2 mg/dL
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