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Preoperative nutritional support in
patients undergoing pancreatic
surgery affects PREPARE score
accuracy
Pavel Skalicky1, Katerina Knapkova1, Jana Tesarikova2,
Michal Gregorik2, Dusan Klos1 and Martin Lovecek2*
1Department of Surgery I, Faculty of Medicine and Dentistry, Palacky University Olomouc, Olomouc,
Czech Republic, 2Department of Surgery I, University Hospital Olomouc, Olomouc, Czech Republic

Background: This study aimed to validate the accuracy of the Preoperative
Pancreatic Resection (PREPARE) risk score in pancreatic resection patients.
Patients and methods: This prospective study included 216 patients who underwent
pancreatic resection between January 2015 and December 2018. All patients in our
cohort with weight loss or lack of appetite received dietary advice and preoperative
oral nutritional supplementation (600 kcal/day). Demographic, clinicopathological,
operative, and postoperative data were collected prospectively. The PREPARE
score and the predicted risk of major complications were computed for each
patient. Differences in major postoperative complications were analyzed using a
multivariate Cox proportional hazards regression model. The predicted and
observed risks of major complications were tested using the C-statistic.
Results: The study included 216 patients [117 men (54.2%)] with a median age of
65.0 (30.0–83.0) years. The majority of patients were classified as American
Society of Anesthesiologists (ASA)’ Physical Status score II (N= 164/216; 75.9%)
and as “low risk” PREPARE score (N= 185/216; 85.6%) before the surgery. Only 4
(1.9%) patients were malnourished, with albumin levels of less than 3.5 g/dl. The
most common type of pancreatic resection was a pylorus-preserving
pancreaticoduodenectomy (N= 122/216; 56.5%). Major morbidity and 30-day
mortality rates were 11.1% and 1.9%, respectively. The type of surgical procedure
(hazard ratio [HR]: 3.849; 95% confidence interval [CI]: 1.208–12.264) and ASA
score (HR: 3.089; 95% CI: 1.067–8.947) were significantly associated with the
incidence of major postoperative complications in multivariate analysis. The
receiver operating characteristic curve was 0.657 for incremental values and
0.559 for risk categories, indicating a weak predictive model.
Conclusion: The results of the present study suggest that the PREPARE risk score
has low accuracy in predicting the risk of major complications in patients with
consistent preoperative nutritional support. This limits the use of PREPARE risk
score in future preoperative clinical routines.
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ASA, American Society of Anesthesiologists; AUC, area under the curve; CD, Clavien-Dindo classification; CI,
confidence interval; CT, computed tomography; DGE, delayed gastric emptying; DP, distal pancreatectomy;
HR, hazard ratio; ISGPS, International Study Group of Pancreatic Surgery; O:P ratio, observed to predicted
ratio; PD, pancreaticoduodenectomy; POPF, postoperative pancreatic fistula; POSSUM, physiological and
operative severity score for the evaluation of morbidity and mortality; PPH, postoperative pancreatic
hemorrhage; PPPD, pylorus-preserving pancreaticoduodenectomy; PREPARE, preoperative pancreatic
resection; TP, total pancreaticoduodenectomy.
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1. Introduction

Monitoring perioperative morbidity and mortality is

fundamental in evaluating surgical care quality. In addition to its

health impact on patients’ short- and long-term survival, it has

consequences in the form of higher care costs. While

complications occur in 3%–17% of all surgical procedures (1, 2),

the incidence is up to 60% higher in pancreatic resections (3–6).

Due to the recent increase in the aging population, there has

been an increase in the total number and proportion of older

patients undergoing pancreatic surgery in recent decades (7–10).

The risk of postoperative complications and death is significantly

higher in older patients owing to various factors, such as

multiple chronic diseases and general frailty. One way to reduce

the morbidity associated with surgery and improve the quality of

life of patients with pancreatic disease is to seek an accurate

method for preoperative risk estimation.

General scoring systems for risk stratification, such as the

American Society of Anesthesiologists’ Physical Status (ASA)

score (11) or the Physiological and Operative Severity Score for

the Evaluation of Morbidity and Mortality (POSSUM) (12)

cannot accurately predict morbidity and mortality after

pancreatic resection (13, 14). Braga et al. (15) and Greenblatt

et al. (16) published several pancreaticoduodenectomy (PD)-

specific scores combining preoperative and intraoperative

variables. The limitations of the above scores are the large

number of variables (up to 21 predictors) and the use of

intraoperative characteristics that exclude these scores to stratify

patients preoperatively.

In 2014, Uzunoglu et al. presented an easily applied scoring

system based on eight independent preoperative assessable variables

to identify low- and high-risk pancreatic resection patients (17).

This scoring system was based on data collected from four high-

volume centers. For the widespread use of any predictive risk

scoring system in daily practice, its validation in diverse patient

groups, with differences in preoperative patient preparation,

pancreatic anastomosis technique, drainage methods, and

postoperative management, is extremely important. Only two

studies focused on Preoperative Pancreatic Resection (PREPARE)

score validation in an external set of patients have been published

worldwide (18, 19). This study aimed to validate the accuracy of

the PREPARE risk score in a population of 216 patients who

underwent pancreatic resection in a high-volume hospital in

Central Europe. Our findings will help use the PREPARE risk

score carefully in future preoperative clinical routines.
2. Materials and methods

2.1. Patient selection

A prospective cohort study of 216 consecutive patients who

underwent pancreatic resection at the Department of Surgery,

University Hospital Olomouc, Czech Republic, was conducted

between January 2015 and December 2018. Pancreatic and

periampullary (ampulla of Vater, distal bile duct, duodenum),
Frontiers in Surgery 02
malignant and benign patologies were indication for surgery

(Table 1). The types of pancreatic resections included in this

study were PD in Whipple modification, pylorus-preserving

pancreaticoduodenectomy (PPPD) in Traverso modification,

distal pancreatectomy (DP), and total pancreaticoduodenectomy

(TP). This study was approved by the Institutional Ethics

Committee of University Hospital Olomouc (approval number:

159/16), and all enrolled patients provided written informed

consent. All patients were examined by a nutritionist at the time

of indication for surgical resection. If they met the following

criteria: (1) any weight loss in the last six months or (2) lack of

appetite; these patients received dietary advice and preoperative

oral nutritional supplementation (600 kcal/day). The remaining

patients did not undergo any specific nutritional intervention.
2.2. PREPARE score calculation

Based on the method described by Uzunoglu et al., we used the

model for calculating the PREPARE score and estimating the

predicted risk of major complications (17). The calculation was

performed preoperatively for each patient enrolled in the study

using physiological (albumin and hemoglobin levels, ASA score,

heart rate, and systolic blood pressure) and operative variables

(elective or emergent surgery, type of surgery, and pancreatic or

nonpancreatic origin of disease) using preoperative physiological

and blood parameters closest to the time of surgery, preferably

obtained on the last preoperative day. The categories of each

score component are summarized in Table 2, the range of the

PREPARE predictive score values was 0–19 points. For risk

assessment, patients were divided into 3 groups – low risk (<6

points), intermediate risk (6–9 points) and high risk (>9 points).
2.3. Post-operative follow-up, outcomes,
and complications

The prospectively maintained database contained all data,

including the type of surgery, operative time, blood loss, length of

hospital stay, mortality, and complications classified according to

the Clavien–Dindo (CD) classification (20). CD III-V complications

were graded as major complications. The International Study

Group for Pancreatic Surgery (ISGPS) definitions were used to

classify postoperative pancreatic fistula (POPF), delayed gastric

emptying (DGE), and post-pancreatectomy hemorrhage (PPH)

(21–23). In-hospital, 30-day and 90-day mortalities were defined as

patient deaths during primary hospitalization, or during the first 30

and 90 days after primary surgery.
2.4. Statistical analysis

Categorical variables are presented as absolute numbers and

percentages, and continuous variables are expressed as a median

and minimum-maximum range. The data normality was checked

using the Shapiro–Wilk test. Differences in postoperative
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TABLE 1 Demographic, operative and postoperative characteristics of all patients (N = 216) stratified by PREPARE risk score.

Variables Low risk (N = 185,
85.6%)

Intermediate risk (N = 29,
13.4%)

High risk (N = 2,
0.9%)

All patients (N = 216,
100.0%)

Age (years)

<61 57 (30.8%) 9 (31.0%) 0 (0.0%) 66 (30.6%)

61–70 65 (35.1%) 13 (44.8%) 0 (0.0%) 78 (36.1%)

>70 63 (34.1%) 7 (24.1%) 2 (100.0%) 72 (33.3%)

Sex

Male 98 (53.0%) 17 (58.6%) 2 (100.0%) 117 (54.2%)

Female 87 (47.0%) 12 (41.1%) 0 (0.0%) 99 (45.8%)

Histology

Pancreatic adenocarcinoma 110 (59.5%) 14 (48.3%) 0 (0.0%) 124 (57.4%)

Chronic pancreatitis 19 (10.3%) 1 (3.4%) 0 (0.0%) 20 (9.3%)

Carcinoma ampulla of
Vater

10 (5.4%) 5 (17.2%) 1 (50.0%) 16 (7.4%)

Neuroendocrine tumor 13 (7.0%) 0 (0.0%) 0 (0.0%) 13 (6.0%)

Cholangiocarcinoma 6 (3.2%) 5 (17.2%) 1 (50.0%) 12 (5.6%)

IPMN 6 (3.2%) 1 (3.4%) 0 (0.0%) 7 (3.2%)

Operative time (min) 289 (93–457) 300 (131–360) 349.5 (347–352) 293 (93–457)

Hospital stay (days) 11 (5–88) 12 (5–62) 10 (9–11) 11 (5–88)

Blood loss (ml) 400 (100–2,000) 500 (200–1,200) 450 (300–600) 400 (100–2,000)

Mortality

In-hospital 4 (2.2%) 0 (0.0%) 0 (0.0%) 4 (1.9%)

30-day 4 (2.2%) 0 (0.0%) 0 (0.0%) 4 (1.9%)

90-day 4 (2.2%) 1 (3.4%) 0 (0.0%) 5 (2.3%)

POPF

Grade B 11 (5.9%) 2 (6.9%) 0 (0.0%) 13 (6.0%)

Grade C 4 (2.2%) 1 (3.4%) 0 (0.0%) 5 (2.3%)

DGE

Grade A 13 (7.0%) 2 (6.9%) 0 (0.0%) 15 (6.9%)

Grade B 3 (1.6%) 1 (3.4%) 0 (0.0%) 4 (1.9%)

Grade C 1 (0.5%) 0 (0.0%) 0 (0.0%) 1 (0.5%)

PPH

Grade A 2 (1.1%) 0 (0.0%) 0 (0.0%) 2 (0.9%)

Grade B 2 (1.1%) 2 (6.9%) 0 (0.0%) 4 (1.9%)

Grade C 4 (2.2%) 1 (3.4%) 0 (0.0%) 5 (2.3%)

Clavien-Dindo

Grade 0 96 (51.9%) 11 (37.9%) 1 (50.0%) 108 (50.0%)

Grade I 28 (15.1%) 1 (3.4%) 1 (50.0%) 30 (13.9%)

Grade II 43 (23.2%) 11 (37.9%) 0 (0.0%) 54 (25.0%)

Grade IIIa 2 (1.1%) 1 (3.4%) 0 (0.0%) 3 (1.4%)

Grade IIIb 8 (4.,3%) 3 (10.3%) 0 (0.0%) 11 (5.1%)

Grade IVa 4 (2.2%) 0 (0.0%) 0 (0.0%) 4 (1.9%)

Grade IVb 4 (2.2%) 2 (6.9%) 0 (0.0%) 6 (2.8%)

Qualitative data are expressed as n (%) and quantitative data as median (min-max). DGE, delayed gastric emptying; POPF, postoperative pancreatic fistula; PPH,

postoperative pancreatic hemorrhage.
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complications were analyzed using a multivariate Cox proportional

hazards regression model. Hazard ratios (HRs) were presented with

95% confidence intervals (CIs), and a two-sided p-value of 0.05 was

considered significant. The predicted and observed risks of major

complications were tested using the C-statistic. IBM SPSS

Statistics version 22 was used for statistical analysis.
3. Results

A total of 216 patients were included in this study, including

117 men (54.2%) and 99 women (45.8%). The median age of the

operated patients was 65.0 (30.0–83.0) years. In the preoperative
Frontiers in Surgery 03
evaluation of the ASA score, the majority of patients were

evaluated as ASA II (N = 164/216; 75.9%), and a few patients

were ASA I (N = 22/216; 10.2%) and ASA III (N = 30/216;

13.9%). A total of 140 (64.8%) patients met the criteria and

preoperative nutritional preparation was indicated. Most patients

(N = 185/216; 85.6%) were classified as low risk according to the

PREPARE score. A summary of the demographic and

clinicopathological characteristics of all the risk groups is

presented in Table 2.

An overwhelming majority of patients (N = 173/216; 80.1%)

underwent surgery because of a disease of pancreatic origin, and

only one patient met the criteria for emergency surgery. The most

common type of pancreatic resection was PPPD (N = 122/216;
frontiersin.org
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TABLE 2 Variables included in the PREPARE risk score and their
representation in our cohort of patients.

Variables Categories Risk score
points

Number of patients
(N = 216, 100%)

Albumin level (g/dl) <3.5 5 points 4 (1.9%)

≥3.5 – 212 (98.1%)

Elective surgery Yes – 215 (99.5%)

No 4 points 1 (0.5%)

Surgical procedure PD/PPPD 2 points 135 (62.5%)

DP – 59 (27.3%)

TP – 22 (10.2%)

Pathology of
pancreatic origin

Yes – 173 (80.1%)

No 2 points 43 (19.9%)

Heart rate (bpm) 50–80 – 185 (86.6%)

<50 or >80 2 points 31 (14.4%)

Systolic blood
pressure (mmHg)

110–130 – 114 (52.8%)

<110 or >130 2 points 102 (47.2%)

Hemoglobin level (g/
dl)

11.5–17 – 193 (89.4%)

<11.5 or >17 1 point 23 (10.6%)

ASA score I/II – 186 (86.1%)

III/IV 1 point 30 (13.9%)

Qualitative data are expressed as n (%). ASA, American society of anesthesiologists;

DP, distal pancreatectomy; PD, pancreaticoduodenectomy; PPPD, pylorus-

preserving pancreaticoduodenectomy; TP, total pancreatectomy.

TABLE 3 Multivariate analysis of PREPARE score components as risk
factors for major morbidity.

Variables Category Hazard
ratio

95% CI P

Albumin level (g/dl) <3.5 vs. ≥3.5 1.454 0.101–
21.017

0,784

Elective surgery No/Yes NA NA

Type of surgical
procedure

PD/PPPD vs. DP/
TP

3.849 1.208–
12.264

0.023

Pathology of pancreatic
origin

No/Yes 2.200 0.817–
5.928

0.119

Heart rate (bpm) <50 or >80 vs. 50–
80

2.875 0.962–
8.596

0.059

Systolic blood pressure
(mmHg)

<110 or >130 vs.
110–130

0.930 0.367–
2.358

0.879

Hemoglobin level (g/dl) <11.5 or >17 vs.
11.5–17

0.194 0.023–
1.622

0.130

ASA score III/IV vs. I/II 3.089 1.067–
8.947

0.038

Differences in major morbidity were analyzed using a multivariable Cox-regression

model. ASA, American society of anesthesiologists; CI, confidence interval; DP,

distal pancreatectomy; PD, pancreaticoduodenectomy; PPPD, pylorus-preserving

pancreaticoduodenectomy; TP, total pancreatectomy.

Bold values are statistical significance.

TABLE 4 Stratification of morbidity according to PREPARE score .

Prepare
score
value

Number of
patients

Major
morbidity
(predicted)

Major
morbidity
(observed)

O:P
ratio

≤2 102 (47.2%) 11.7% 5.9% 0.504

3–4 69 (31.9%) 20.7% 14.5% 0.700

5–6 30 (13.9%) 30.2% 16.7% 0.553

≥7 15 (6.9%) 49.7% 33.3% 0.670

Qualitative data are expressed as n (%). O:P ratio, observed: predicted ratio.
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56.5%), followed by DP (N = 59/216, 27.3%), TP (N = 22/216, 10.2%),

and PD (N = 13/216, 6.0%). Only 4 (1.9%) patients were categorized

as malnourished, with albumin levels of less than 3.5 g/dl (Table 1).

Among the specific pancreatic complications, POPF grades B

and C occurred in 13 (6.0%) and five (2.3%) patients,

respectively; PPH grades A, B, and C occurred in two (0.9%),

four (1.9%), and five (2.3%) patients, respectively. The incidence

of postoperative morbidity was as follows: CD 0, 108 (50.0%);

CD I, 30 (13.9%); CD II, 54 (25.0%); CD IIIa, 3 (1.4%); CD IIIb,

11 (5.1%); CD IVa, 4 (1.9%); and CD IVb, 6 (2.8%). The 30-day

and 90-day mortality rates in the entire cohort were 4 (1.9%)

and 5 (2.3%) patients, respectively (Table 1).

In the multivariate regression model, the type of surgical

procedure (HR: 3.849; 95% CI: 1.208–12.264) and the ASA score

(HR: 3.089; 95% CI: 1.067–8.947) were independent

determinants of major postoperative complications. None of the

other PREPARE score components showed any statistical

relevance on major postoperative complications occurrence

(Table 3). The observed-to-predicted (O:P) ratio in terms of

major morbidity stratified according to the PREPARE score was

between 0.504 (PREPARE score <3) and 0.700 (PREPARE score

level 3–4). In effect, the PREPARE score overpredicted major

morbidities (Table 4). The predictive ability of the PREPARE

score provided an area under the curve (AUC) of 0.657 (95% CI:

0.544–0.771) for scores as incremental values and an AUC of

0.559 (95% CI: 0.430–0.687) for scores as the three risk

categories (Figure 1).
FIGURE 1

Prediction of risk for major complications, receiver operating
characteristic curve in all patients (N= 216); score as incremental
values: C-statistic index = 0.657; 95% CI: 0.544–0.771, P= 0.012;
score as three risk categories: C-statistic index = 0.559; 95% CI:
0.430–0.687, P= 0.350). CI, confidence interval.
4. Discussion

Surgeons and other specialties in the perioperative team use risk

scores to predict the complications of pancreatic resections, which
Frontiers in Surgery 04 frontiersin.org
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may help them to make important decisions to optimize

perioperative management. Scoring systems, including the

PREPARE score, built on purely preoperative variables allow for

truly informed consent of patients who may be at higher risk, or

risk reduction through targeted preoperative preparation. In order

to achieve this goal, the scoring system must have a high accuracy.

Given the very limited number of external patients on whom the

PREPARE risk score has been validated to date, we performed a

validation using the largest cohort to date of 216 patients operated

on at a single center, with standardized preoperative nutritional

screening, nutritional support, and surgical technique.

Nutritional status is a major contributor to overall survival and

quality of life in cancer patients, with malnutrition being the cause

of death in a significant proportion, rather than cancer itself (24,

25). The albumin level was set as a heavily weighted component

of the PREPARE score. The cutoff level at 3.5 g/dl is similar to

the Glasgow prognostic score (26); some other scores have lower

cutoff levels at 2.5 and 3.0 g/dl (27). A high albumin level cannot

guarantee optimal nutritional conditions for extensive surgery.

The ISGPS nutritional recommendations do not use albumin

levels for nutritional status assessment and favor weight loss and

body mass index for patient evaluation (28). Using preoperative

computed tomography (CT) to detect sarcopenia in

malnourished and frail patients seems promising. This has the

advantage of obtaining data from CT images, which is a

common part of preoperative staging, and thus does not require

further examination of the patient (29).

Malnutrition treatment may play an important role in reducing

postoperative morbidity (28, 30, 31). A recently published

prospective randomized trial on preparations using

immunonutrition before PD did not show an effect compared to

standard therapy (32). In contrast, nutritional preoperative

preparation in conjunction with preoperative exercise therapy has

been shown to positively affect albumin levels and the incidence of

postoperative complications (33, 34). A common form of nutritional

preparation is oral sipping at a dose of 600 kcal/day, which our

group of patients also used. The defined inclusion criterion for

nutritional supplementation in our cohort was any preoperative

weight loss or loss of appetite, and approximately two-thirds of

patients met these criteria. This consistent preoperative nutritional

support factor can explain the small number of patients with low

albumin levels in our set of patients and the non-significant

correlation between albumin levels and major complications.

Many published studies have shown that the incidence of POPF,

PPH, and major complications in patients with PD and PPPD is

significantly higher than that in patients with DP, including those

operated on using minimally invasive techniques (35–40). The

type of surgical procedure was a component of the PREPARE

score and was confirmed as a statistically significant risk factor in

our multivariate analysis. The major complication rate in the PD/

PPPD group was 14.8%, compared to 4.9% in the DP/TP group.

Although we did not confirm that the pathology of pancreatic

origin was a risk factor in our multivariate analysis (P = 0.119), it

plays a significant role in POPF and PPH occurrence. While

patients with pancreatic ductal adenocarcinoma or chronic

pancreatitis may have inflammatory and fibrotic changes due to
Frontiers in Surgery 05
pancreatic duct obstruction, patients with distal

cholangiocarcinoma or duodenal carcinoma do not have these

changes, and a soft pancreas in “non-pancreatic” pathology is the

cause of more frequent anastomotic complications. This

assumption has been confirmed by several published studies

comparing short-term PD/PPPD results between patients with

pancreatic and nonpancreatic pathology (41–46).

The ASA score alone has low accuracy in predicting

postoperative complications (47). However, it is currently used as

a part of complex predictive models in combination with other

variables (15). Although the data presented by Uzunoglu et al.

(17) did not show a statistically significant association between

the ASA score and major complications (P = 0.135), the ASA

score was determined to be a component of the PREPARE score.

Our results supported that the ASA score was a statistically

significant risk factor (HR = 3.089).

Our data showed low accuracy of the PREPARE score in major

complication risk prediction. Various arguments exist regarding

this finding. We identified significant differences when

comparing our set of patients to those in the original study

published by Uzunoglu et al. (17) in terms of morbidity and

mortality. The major morbidity rates were 11.1% vs. 31.3% and

30-day mortality rates were 1.9% vs. 5.6%. These differences may

be related to the variability of the cohorts in relation to the

indication and the representation of individual types of

resections. Given the universal nature of the PREPARE risk

score, which should be applicable to all types of pancreatic

resections, its accuracy should not be affected with this fact. At

the same time, it is evident that our patient cohort was less

“risky” as related to PREPARE score, as the majority (85.6%) of

patients are classified as “low risk.” The albumin level was set as

a heavily weighted component of the PREPARE score (5 points),

and almost all “malnourished” patients are categorized as

“intermediate” or “high.” The proportion of patients with

albumin levels less than 3.5 g/dl was 1.9% in our cohort and

17.0% in the cohort published by Uzunoglu et al. The original

data published by Uzunoglu et al. (17) presented the types of

surgical procedures in PD, PPPD, DP, TP, and other resections.

Several technical aspects, such as vascular or multi-visceral

resection, can significantly influence morbidity within these

subgroups and preclude patient cohort comparison. Vascular and

multi-visceral resection rates were 3.2% and 1.4%, respectively. It

seems advisable to specify these attributes when reporting

pancreatic resections in the future using a classification recently

published by Mihaljevic et al. (48). The lack of a more detailed

specification of the resection procedure affecting the calculation

of the PREPARE score is another limitation to its accuracy.

The results of the original patient validation cohort published

by Uzunoglu et al. reported the accuracy of the PREPARE score

in predicting major complications, with an AUC of 0.711 for

incremental values and 0.709 for risk categories, which was not a

strong prediction. A weakness of the above-mentioned validation

may have been due to the use of data from patients operated on

in the same hospital but during a different period. To date, only

two studies validating the accuracy of the PREPARE score have

been published worldwide. One of them, published by Celik et al.
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(18), was a retrospective analysis of a cohort of 122 patients and

showed low prediction accuracy (AUC 0.541), whereas a later

published prospective study by Rodriguez-Lopez et al. (19)

included 50 patients and showed good accuracy in predicting

major morbidity (AUC 0.736). Our population of patients

presented worse prediction results compared to those of

Uzunoglu et al., with an AUC of 0.657 for incremental values

and 0.559 for risk categories, which is a weak predictive model.

To the best of our knowledge, this is only the second

prospective study to focus on PREPARE score validation in an

external set of patients worldwide, with the largest cohort of

patients and the only study conducted in a cohort of patients

with consistent preoperative nutritional support. Our study has

several limitations. This was a single-center observational study

with a limited number of patients. Regarding the criteria for

calculating the PREPARE score, including the physiological and

laboratory data collected as close as possible to those of the

surgical procedure, we did not have data on albumin levels

before initiating nutritional intervention in patients. Thus, we

could not conduct a more detailed analysis of its impact on this

nutritional parameter.
5. Conclusion

In summary, the present study suggests that the PREPARE risk

score has low accuracy in predicting major complication risks in

patients with consistent preoperative nutritional support. This

limits the use of PREPARE risk scores in future preoperative

clinical routines. More external score validations are needed, and

given the increasing representation of patients with systematic

nutritional preparation, the PREPARE score calculation

parameters may need to be adjusted.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving humans were approved by Institutional

Ethics Committee at the University Hospital Olomouc, Czech

Republic (approval number: 159/16). The studies were conducted
Frontiers in Surgery 06
in accordance with the local legislation and institutional

requirements. The participants provided their written informed

consent to participate in this study.
Author contributions

PS: Data curation, Formal Analysis, Investigation,

Methodology, Supervision, Validation, Writing – original draft,

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

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

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

Writing – review & editing. DK: Writing – review & editing. ML:

Data curation, Formal Analysis, Methodology, Validation,

Writing – original draft.
Funding

The author(s) declare that no financial support was received for

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

The authors would like to acknowledge the help of Jana
Zapletalová from the Institute of Medical Biophysics, Faculty of
Medicine and Dentistry, Palacký University Olomouc, for
statistical processing of the data.
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.
References
1. Kable AK, Gibberd RW, Spigelman AD. Adverse events in surgical
patients in Australia. Int J Qual Health Care. (2002) 14:269–76. doi: 10.1093/intqhc/
14.4.269

2. Gawande AA, Thomas EJ, Zinner MJ, Brennan TA. The incidence and nature of
surgical adverse events in Colorado and Utah in 1992. Surgery. (1999) 126:66–75.
doi: 10.1067/msy.1999.98664
3. Balzano G, Zerbi A, Capretti G, Rocchetti S, Capitanio V, Di Carlo V. Effect of
hospital volume on outcome of pancreaticoduodenectomy in Italy. Br J Surg. (2008)
95:357–62. doi: 10.1002/bjs.5982

4. Hartwig W, Hackert T, Hinz U, Gluth A, Bergmann F, Strobel O, et al. Pancreatic
cancer surgery in the new millennium: better prediction of outcome. Ann Surg. (2011)
254:311–9. doi: 10.1097/SLA.0b013e31821fd334
frontiersin.org

https://doi.org/10.1093/intqhc/14.4.269
https://doi.org/10.1093/intqhc/14.4.269
https://doi.org/10.1067/msy.1999.98664
https://doi.org/10.1002/bjs.5982
https://doi.org/10.1097/SLA.0b013e31821fd334
https://doi.org/10.3389/fsurg.2023.1275432
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Skalicky et al. 10.3389/fsurg.2023.1275432
5. Pecorelli N, Balzano G, Capretti G, Zerbi A, Di Carlo V, Braga M. Effect of
surgeon volume on outcome following pancreaticoduodenectomy in a high-volume
hospital. J Gastrointest Surg. (2012) 16:518–23. doi: 10.1007/s11605-011-1777-2

6. Lovecek M, Skalicky P, Klos D, Bebarova L, Neoral C, Ehrmann J, et al. Long-term
survival after resections for pancreatic ductal adenocarcinoma. Single centre study.
Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. (2016) 160:280–6.
doi: 10.5507/bp.2016.011

7. Lerut J, Luder PJ, Krähenbühl L, Gertsch PH, Blumgart LH. Pylorus-preserving
pancreatoduodenectomy. Experience in 20 patients. HPB Surg. (1991) 4:109–17.
doi: 10.1155/1991/52435

8. Yeo CJ, Cameron JL, Lillemoe KD, Sitzmann JV, Hruban RH, Goodman SN, et al.
Pancreaticoduodenectomy for cancer of the head of pancreas 201 patients. Annals of
Surg. (1995) 221:721–33. doi: 10.1097/00000658-199506000-00011

9. Futagawa Y, Kanehira M, Furukawa K, Kitamura H, Yoshida S, Usuba T, et al.
Study on the validity of pancreaticoduodenectomy in the elderly. Anticancer Res.
(2017) 37:5309–16. doi: 10.21873/anticanres.11957

10. Yuan F, Essaji Y, Belley-Cote EP, Gafni A, Latchupatula L, Ruo L, et al.
Postoperative complications in elderly patients following pancreaticoduodenectomy
lead to increased postoperative mortality and costs. A retrospective cohort study.
Int J Surg. (2018) 60:204–9. doi: 10.1016/j.ijsu.2018.11.016

11. American Society of Anesthesiologists. New classification of physical status.
Anesthesiology. (1963) 24:111.

12. Copeland GP, Jones D, Walters M. POSSUM: a scoring system for surgical audit.
Br J Surg. (1991) 78:355–60. doi: 10.1002/bjs.1800780327

13. Tamijmarane A, Bhati CS, Mirza DF, Bramhall SR, Mayer DA, Wigmore SJ, et al.
Application of Portsmouth modification of physiological and operative severity
scoring system for enumeration of morbidity and mortality (P-POSSUM) in
pancreatic surgery. World J Surg Oncol. (2008) 6:39. doi: 10.1186/1477-7819-6-39

14. Brooks MJ, Sutton R, Sarin S. Comparison of surgical risk score, POSSUM and
P-POSSUM in higher-risk surgical patients. Br J Surg. (2005) 92:1288–92. doi: 10.
1002/bjs.5058

15. Braga M, Capretti G, Pecorelli N, Balzano G, Doglioni C, Ariotti R, et al. A
prognostic score to predict major complications after pancreaticoduodenectomy.
Ann Surg. (2011) 254:702–7. doi: 10.1097/SLA.0b013e31823598fb

16. Greenblatt DY, Kelly KJ, Rajamanickam V, Wan Y, Hanson T, Rettammel R,
et al. Preoperative factors predict perioperative morbidity and mortality after
pancreaticoduodenectomy. Ann Surg Oncol. (2011) 18:2126–35. doi: 10.1245/
s10434-011-1594-6

17. Uzunoglu FG, Reeh M, Vettorazzi E, Ruschke T, Hannah P, Nentwich MF, et al.
Preoperative pancreatic resection (PREPARE) score: a prospective multicenter-based
morbidity risk score. Ann Surg. (2014) 260:857–63. doi: 10.1097/SLA.0000000000000946

18. Celik H, Kilic MO, Erdogan A, Ceylan C, Tez M. External validation of
PREPARE score in Turkish patients who underwent pancreatic surgery.
Hepatobiliary Pancreat Dis Int. (2016) 15:108–9. doi: 10.1016/s1499-3872(16)60055-3

19. Rodriguez-Lopez M, Tejero-Pintor FJ, Perez-Saborido B, Barrera-Rebollo A,
Bailon-Cuadrado M, Pacheco-Sanchez D. Severe morbidity after pancreatectomy is
accurately predicted by preoperative pancreatic resection score (PREPARE): a
prospective validation analysis from a medium-volume center. Hepatobiliary
Pancreat Dis Int. (2018) 17:559–65. doi: 10.1016/j.hbpd.2018.09.017

20. 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) 240:205–13. doi: 10.1097/01.sla.0000133083.54934.ae

21. Wente MN, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Izbicki JR, et al.
Delayed gastric emptying (DGE) after pancreatic surgery: a suggested definition by
the international study group of pancreatic surgery (ISGPS). Surgery. (2007)
142:761–8. doi: 10.1016/j.surg.2007.05.005

22. 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) 142:20–5. doi: 10.1016/j.surg.2007.02.001

23. 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) 161:584–91. doi: 10.
1016/j.surg.2016.11.014

24. García-Luna PP, Parejo Campos J, Pereira Cunill JL. Causes and impact of
hyponutrition and cachexia in the oncologic patient. Nutr Hosp. (2006) 21(suppl 3):10–6.

25. Osorio Y, Vielma N, Mora CJ. Assessment of nutritional status in patients
hospitalized with cancer. MedULA. (2016) 25:83–8.

26. La Torre M, Nigri G, Cavallini M, Mercantini P, Ziparo V, Ramacciato G. The
glasgow prognostic score as a predictor of survival in patients with potentially
resectable pancreatic adenocarcinoma. Ann Surg Oncol. (2012) 19:2917–23. doi: 10.
1245/s10434-012-2348-9

27. Utsumi M, Aoki H, Nagahisa S, Nishimura S, Une Y, Kimura Y, et al. Preoperative
predictive factors of pancreatic fistula after pancreaticoduodenectomy: usefulness of the
CONUT score. Ann Surg Treat Res. (2020) 99:18–25. doi: 10.4174/astr.2020.99.1.18

28. Gianotti L, Besselink MG, Sandini M, Hackert T, Conlon K, Gerritsen A, et al.
Nutritional support and therapy in pancreatic surgery: a position paper of the
Frontiers in Surgery 07
international study group on pancreatic surgery (ISGPS). Surgery. (2018)
164:1035–48. doi: 10.1016/j.surg.2018.05.040

29. Prado CM, Lieffers JR, McCargar LJ, Reiman T, Sawyer MB, Martin L, et al.
Prevalence and clinical implications of sarcopenic obesity in patients with solid
tumours of the respiratory and gastrointestinal tracts: a population-based study.
Lancet Oncol. (2008) 9:629–35. doi: 10.1016/S1470-2045(08)70153-0

30. Schiesser M, Müller S, Kirchhoff P, Breitenstein S, Schäfer M, Clavien PA.
Assessment of a novel screening score for nutritional risk in predicting
complications in gastro-intestinal surgery. Clin Nutr. (2008) 27:565–70. doi: 10.
1016/j.clnu.2008.01.010

31. Xu JY, Tian XD, Song JH, Chen J, Yang YM, Wei JM. Preoperative
nutrition support may reduce the prevalence of postoperative pancreatic fistula
after open pancreaticoduodenectomy in patients with high nutritional risk determined
by NRS2002. BioMed Res Int. (2021) 2021:6691966. doi: 10.1155/2021/6691966

32. Ashida R, Okamura Y, Wakabayashi-Nakao K, Mizuno T, Aoki S, Uesaka K. The
impact of preoperative enteral nutrition enriched with eicosapentaenoic acid on
postoperative hypercytokinemia after pancreatoduodenectomy: the results of a
double-blinded randomized controlled trial. Dig Surg. (2019) 36:348–56. doi: 10.
1159/000490110

33. Nakajima H, Yokoyama Y, Inoue T, Nagaya M, Mizuno Y, Kadono I, et al.
Clinical benefit of preoperative exercise and nutritional therapy for patients
undergoing hepato-pancreato-biliary surgeries for malignancy. Ann Surg Oncol.
(2019) 26:264–72. doi: 10.1245/s10434-018-6943-2

34. Tsukagoshi M, Harimoto N, Araki K, Kubo N, Watanabe A, Igarashi T, et al.
Impact of preoperative nutritional support and rehabilitation therapy in patients
undergoing pancreaticoduodenectomy. Int J Clin Oncol. (2021) 26:1698–706.
doi: 10.1007/s10147-021-01958-0

35. Yin SM, Liu YW, Liu YY, Yong CC, Wang CC, Li WF, et al. Short-term
outcomes after minimally invasive versus open pancreaticoduodenectomy in elderly
patients: a propensity score-matched analysis. BMC Surg. (2021) 21:60. doi: 10.
1186/s12893-021-01052-2

36. Mazzola M, Giani A, Crippa J, Morini L, Zironda A, Bertoglio CI, et al. Totally
laparoscopic versus open pancreaticoduodenectomy: a propensity score matching
analysis of short-term outcomes. Eur J Surg Oncol. (2020) 5:S0748–7983. doi: 10.
1016/j.ejso.2020.10.036

37. Van Hilst J, de Rooij T, Klompmaker S, Rawashdeh M, Aleotti F, Al-Sarireh B,
et al. Minimally invasive versus open distal pancreatectomy for ductal
adenocarcinoma [DIPLOMA]: a pan-European propensity score matched study.
Ann Surg. (2019) 269(1):10–7. doi: 10.1097/SLA.0000000000002561

38. Gavriilidis P, Lim C, Menahem B, Lahat E, Salloum C, Azoulay D. Robotic
versus laparoscopic distal pancreatectomy–the first meta-analysis. HPB (Oxford).
(2016) 18:567–74. doi: 10.1016/j.hpb.2016.04.008

39. Lin XC, Huang HG, Chen YC, Lu FC, Lin RG, Yang YY, et al. Robotic versus
laparoscopic distal pancreatectomy: a retrospective single-center study. Zhonghua
Wai Ke Za Zhi. (2019) 57:102–7. doi: 10.3760/cma.j.issn.0529-5815.2019.02.006

40. Loveček M, Skalický P, Köcher M, Černá M, Prášil V, Holusková I, et al.
Postpancreatectomy haemorrhage (PPH), prevalence, diagnosis and management.
Rozhl Chir. (2016) 95:350–7.

41. Joliat GR, Petermann D, Demartines N, Schäfer M. Prediction of complications
after pancreaticoduodenectomy: validation of a postoperative complication score.
Pancreas. (2015) 44:1323–8. doi: 10.1097/MPA.0000000000000399

42. Aoki S, Miyata H, Konno H, Gotoh M, Motoi F, Kumamaru H, et al. Risk factors
of serious postoperative complications after pancreaticoduodenectomy and risk
calculators for predicting postoperative complications: a nationwide study of 17,564
patients in Japan. J Hepatobiliary Pancreat Sci. (2017) 24:243–51. doi: 10.1002/
jhbp.438

43. Guilbaud T, Girard E, Lemoine C, Schlienger G, Alao O, Risse O, et al. Intra-
pancreatic distal cholangiocarcinoma and pancreatic ductal adenocarcinoma: a
common short and long-term prognosis? Updates Surg. (2021) 73:439–50. doi: 10.
1007/s13304-021-00981-0

44. Skalický P, Tesaříková J, Gregořík M, Knápková K, Švébišová H, Kurfúrstová D,
et al. Middle and distal bile duct carcinoma, retrospective analysis & short-term and
long-term outcomes of surgical therapy. Rozhl Chir. (2022) 101:436–42. doi: 10.33699/
PIS.2022.101.9.436-442

45. Skalicky P, Urban O, Ehrmann J, Svebisova H, Klos D, Tesarikova J, et al. The
short- and long-term outcomes of pancreaticoduodenectomy for distal
cholangiocarcinoma. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub.
(2022) 166:386–92. doi: 10.5507/bp.2021.043

46. Tesarikova J, Skalicky P, Kurfurstova D, Svebisova H, Urban O, Falt P, et al.
Surgical treatment of duodenal adenocarcinoma: ampullary vs. Non-ampullary,
short- and long-term outcomes. Biomed Pap Med Fac Univ Palacky Olomouc Czech
Repub. (2022) 166:290–6. doi: 10.5507/bp.2021.028

47. Wolters U,Wolf T, Stützer H, Schröder T, PichlmaierH. Risk factors, complications,
and outcome in surgery: a multivariate analysis. Eur J Surg. (1997) 163:563–8.

48. Mihaljevic AL, Hackert T, Loos M, Hinz U, Schneider M, Mehrabi A, et al. Not all
whipple procedures are equal: proposal for a classification of pancreatoduodenectomies.
Surgery. (2021) 169:1456–62. doi: 10.1016/j.surg.2020.11.030
frontiersin.org

https://doi.org/10.1007/s11605-011-1777-2
https://doi.org/10.5507/bp.2016.011
https://doi.org/10.1155/1991/52435
https://doi.org/10.1097/00000658-199506000-00011
https://doi.org/10.21873/anticanres.11957
https://doi.org/10.1016/j.ijsu.2018.11.016
https://doi.org/10.1002/bjs.1800780327
https://doi.org/10.1186/1477-7819-6-39
https://doi.org/10.1002/bjs.5058
https://doi.org/10.1002/bjs.5058
https://doi.org/10.1097/SLA.0b013e31823598fb
https://doi.org/10.1245/s10434-011-1594-6
https://doi.org/10.1245/s10434-011-1594-6
https://doi.org/10.1097/SLA.0000000000000946
https://doi.org/10.1016/s1499-3872(16)60055-3
https://doi.org/10.1016/j.hbpd.2018.09.017
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1016/j.surg.2007.05.005
https://doi.org/10.1016/j.surg.2007.02.001
https://doi.org/10.1016/j.surg.2016.11.014
https://doi.org/10.1016/j.surg.2016.11.014
https://doi.org/10.1245/s10434-012-2348-9
https://doi.org/10.1245/s10434-012-2348-9
https://doi.org/10.4174/astr.2020.99.1.18
https://doi.org/10.1016/j.surg.2018.05.040
https://doi.org/10.1016/S1470-2045(08)70153-0
https://doi.org/10.1016/j.clnu.2008.01.010
https://doi.org/10.1016/j.clnu.2008.01.010
https://doi.org/10.1155/2021/6691966
https://doi.org/10.1159/000490110
https://doi.org/10.1159/000490110
https://doi.org/10.1245/s10434-018-6943-2
https://doi.org/10.1007/s10147-021-01958-0
https://doi.org/10.1186/s12893-021-01052-2
https://doi.org/10.1186/s12893-021-01052-2
https://doi.org/10.1016/j.ejso.2020.10.036
https://doi.org/10.1016/j.ejso.2020.10.036
https://doi.org/10.1097/SLA.0000000000002561
https://doi.org/10.1016/j.hpb.2016.04.008
https://doi.org/10.3760/cma.j.issn.0529-5815.2019.02.006
https://doi.org/10.1097/MPA.0000000000000399
https://doi.org/10.1002/jhbp.�438
https://doi.org/10.1002/jhbp.�438
https://doi.org/10.1007/s13304-021-00981-0
https://doi.org/10.1007/s13304-021-00981-0
https://doi.org/10.33699/PIS.2022.101.9.436-442
https://doi.org/10.33699/PIS.2022.101.9.436-442
https://doi.org/10.5507/bp.2021.043
https://doi.org/10.5507/bp.2021.028
https://doi.org/10.1016/j.surg.2020.11.030
https://doi.org/10.3389/fsurg.2023.1275432
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Preoperative nutritional support in patients undergoing pancreatic surgery affects PREPARE score accuracy
	Introduction
	Materials and methods
	Patient selection
	PREPARE score calculation
	Post-operative follow-up, outcomes, and complications
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References

	Untitled



