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Abstract
Introduction: Despite improvements in perioperative care, major abdominal surgery continues to be associated with
significant perioperative morbidity. Accurate preoperative risk stratification and optimisation (prehabilitation) are necessary to
reduce perioperative morbidity. This study evaluated the screening and assessment of modifiable risk factors amendable for
prehabilitation interventions and measured the patient compliance rate with recommended interventions.
Method: Between May 2019 and January 2020, patients referred to our hospital for HPB surgery were screened and
assessed on six modifiable preoperative risk factors. The risk factors and screening tools used, with cutoff values,
included (i) low physical fitness (a 6-min walk test < 82% of patient’s calculated norm and/or patient’s activity level not
meeting the global recommendations on physical activity for health). Patients who were unfit based on the screening
were assessed with a cardiopulmonary exercise test (anaerobic threshold ≤ 11 mL/kg/min); (ii) malnutrition (patientgenerated subjective global assessment ≥ 4); (iii) iron-deficiency anaemia (haemoglobin < 12 g/dL for women, < 13 g/
dL for men and transferrin saturation ≤ 20%); (iv) frailty (Groningen frailty indicator/Robinson frailty score ≥ 4); (v)
substance use (smoking and alcohol use of > 5 units per week) and (vi) low psychological resilience (Hospital Anxiety
and Depression Scale ≥ 8). Patients had a consultation with the surgeon on the same day as their screening. High-risk
patients were referred for necessary interventions.
Results: One hundred consecutive patients were screened at our prehabilitation outpatient clinic. The prevalence of highrisk patients per risk factor was 64% for low physical fitness, 42% for malnutrition, 32% for anaemia (in 47% due to iron
deficiency), 22% for frailty, 12% for smoking, 18% for alcohol use and 21% for low psychological resilience. Of the 77 patients
who were eventually scheduled for surgery, 53 (68.8%) needed at least one intervention, of whom 28 (52.8%) complied with
100% of the necessary interventions. The median (IQR) number of interventions needed in the 77 patients was 1.0 (0–2).
(Continued on next page)
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Conclusion: It is feasible to screen and assess all patients referred for HPB cancer surgery for six modifiable risk factors. Most
of the patients had at least one risk factor that could be optimised. However, compliance with the suggested interventions
remains challenging.
Keywords: Preoperative care pathway, Screening, Risk stratification, Prehabilitation

Introduction
For hepatic, pancreatic and biliary (HPB) tumours, surgical resection is still the cornerstone of curative treatment. However, resections of HPB tumours are complex
operations and are still associated with a high risk of
complications despite improvements in perioperative
care. The risk of perioperative complications depends
partly on patient-related risk factors (Glance et al. 2014).
However, patients’ modifiable risk factors (e.g., low physical fitness and malnutrition) also offer a good opportunity to reduce perioperative risk. The optimisation of
patients’ modifiable risk factors to strengthen their resilience against the stress of surgery—a practice known as
prehabilitation—is increasingly gaining ground (Silver
2015; Li et al. 2013; Hughes et al. 2019; Thomas et al.
2019; Scheede-Bergdahl et al. 2019). Although the evidence to support this practice is not yet conclusive, it is
mounting rapidly. Although prehabilitation does not
harm anyone, it has been suggested that a prehabilitation
programme is most beneficial for high-risk patients (Barberan-Garcia et al. 2019; Berkel et al. 2018; BarberanGarcia et al. 2018; Bongers et al. 2020).
To select high-risk patients, structured and objective
screening is necessary. In the current approach to preoperative assessment, patients are referred to a (consultant) surgeon before being listed for surgery. Surgeons
traditionally assess their patients’ fitness for surgery based
on their own clinical judgement (Dale et al. 2014). It has
been shown that this practice often results in subjective
and unreliable data (Wijeysundera et al. 2018). Furthermore, to reduce perioperative risk, attention should be
paid not only to patients’ physical fitness, but also to other
modifiable risk factors including malnutrition, irondeficiency anaemia, frailty, substance use and low psychological resilience (Scheede-Bergdahl et al. 2019; Bongers
et al. 2020; Carli et al. 2017; Carli and Ferreira 2018).
Ideally, every patient scheduled for major surgery would
undergo a structured screening and assessment based on
these six risk factors. A structured screening and assessment
might help in the process of shared decision-making and will
select the high-risk patients who may benefit from a prehabilitation programme (Grocott 2019). To achieve this, it is necessary to reengineer the preoperative (Glance et al. 2014;
Grocott et al. 2019; Grocott et al. 2017).
The aim of the present study was to evaluate the
screening and assessment of modifiable risk factors

amendable for prehabilitation interventions and to measure the patient compliance rate with recommended interventions. The six modifiable risk factors that were
screened were low physical fitness, malnutrition, irondeficiency anaemia, frailty, substance use (smoking/alcohol use) and low psychological resilience (stress/anxiety).

Methods
Study design and setting

This was a prospective cohort study that was conducted
between May 2019 and January 2020. It describes the
first 100 consecutive patients who followed a newly developed standard preoperative care pathway for patients
referred for HPB cancer surgery at the University Medical Centre Groningen in the Netherlands. All patients
completed the informed consent process, which was approved by the Institutional Review Board of the University Medical Centre Groningen (Netherlands research
registration number 201800293).
Participants

The new preoperative care pathway of the University
Medical Centre Groningen was implemented for patients
who met the following criteria: (i) a referral for surgical
evaluation for a liver, biliary or pancreatic tumour because
of (suspicion of) a malignancy; (ii) a tumour that was technically resectable, as determined by multidisciplinary consultation; (iii) age > 18 years; and (iv) ability to read Dutch.
Preoperative care pathway
Original preoperative care pathway

In the original preoperative care pathway, referred patients were discussed in a multidisciplinary consultation,
and if the tumour was technically resectable, the patient
was invited for a consultation with the surgeon. The surgeon assessed the patient’s medical operability based on
his or her own clinical judgement. If the patient was
placed on the waiting list for surgery, the patient visited
the anaesthesiologist in the weeks before surgery.
The new reengineered preoperative care pathway

In the new preoperative care pathway, patients first went
to the prehabilitation outpatient clinic and then had an
appointment with the surgeon on the same day. At the
prehabilitation outpatient clinic, patients were screened
and assessed for six modifiable risk factors using a
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structured process that included digital questionnaires, a
laboratory test and functional tests. The screening occurred prior to the surgeon’s visit to enable the surgeon
to include the results of the screening in the assessment
of the patient’s operability. In addition, this enabled the
surgeon to emphasise the importance of optimising the
identified risk factors. If the patient had been listed for
surgery, a tailor-made prehabilitation programme was
started as soon as possible to make optimal use of the
waiting time. The prehabilitation programme had no impact on the duration of the waiting period. During the
waiting time, the patient consulted the anaesthesiologist,
who had the information available from the structured
screening and assessment (Fig. 1).
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patient file and dealt with the referrals necessary for the
interventions; and (iii) a clinician who supervised the
cardiopulmonary tests. In our case, this was a sports
doctor.
Patients were asked to answer digital questionnaires
prior to their appointment. Laboratory tests were performed just before their visit to the prehabilitation outpatient clinic, and additional tests were conducted
during the visit. The results of the laboratory tests, the
prefilled digital questionnaires and functional tests were
then discussed with the patient, and the recommended
interventions and their importance were explained. Typically, 1 h was reserved for this appointment.
Digital questionnaires

The prehabilitation outpatient clinic

The basic structure of the prehabilitation outpatient
clinic included the following: (i) oncology nurse practitioners, who recruited all eligible patients and set up patients’ appointments and visits; (ii) a clinician (also the
coordinators of the study (LW, JH and MH)) who examined the patients at the prehabilitation outpatient clinic,
created a report of the test results in the electronic

The digital questionnaires were sent an average of 1
week before patients visited the prehabilitation outpatient clinic. The questionnaires included the screening
tools for some of the six risk factors, together with questionnaires about patients’ highest completed educational
level and work situation. Health literacy was determined
using the Brief Health Literacy Screen (BHLS). The
BHLS questionnaire consists of three items on a 5-point

Fig. 1 Preoperative care pathway with timeline after the implementation of the prehabilitation (outpatient) clinic; the squares outlined in bold
black lines contain the new parts of the care pathway
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response scale. Low health literacy was identified by a
score of ≥ 3 on at least one of the three questions (SandJecklin and Coyle 2014). An instruction letter was
enclosed with the questionnaires that contained the telephone number of the prehabilitation coordinator to enable patients to call for help if they had any queries
concerning the questionnaires. In addition, the instructions contained the advice to complete the digital questionnaire with (grand)children or other relatives if
necessary. Finally, if patients were not able to fill in the
digital questionnaires in advance, they could do so during the prehabilitation outpatient clinic visit.
Screening tools for the risk factors and associated
interventions

Physical performance All patients referred to the clinic
were screened for low physical performance. The weekly
exercise activities of the patients were discussed. During
their visit to the prehabilitation outpatient clinic, patients took the 6MWT, which was used to globally assess
their physical performance. The following formula was
used to calculate the norm value for each patient: distance = 218 + (5.14 × length [cm] − 5.32 × age) − (1.80
× weight) + (51.31 × gender [1 = male, 0 = female])
(Troosters et al. 1999). When patients scored less than
82% of their calculated norm on the 6MWT or did not
comply with the global recommendations on physical
activity for health (less than 2.5 h per week of moderate
exercising) (World Health Organization 2010), they were
referred for a cardiopulmonary exercise test (CPET)
(Wasserman et al. 1999). The CPET was usually performed 1 week after the visit to the prehabilitation outpatient clinic. Patients who, after their visit to the
surgeon, were not scheduled for surgery were not scheduled for a CPET. The anaerobic threshold (AT) assessed
by the CPET was used to objectively determine patients’
physical fitness. An AT ≤ 11 mL/kg/min was defined as
low cardiorespiratory fitness, and those patients were
considered at high risk (Wilson et al. 2010). Patients
with an anaerobic threshold ≤ 11 mL/kg/min were asked
to participate in the PRIOR study (Netherlands Trial
Register [NL6151]), a personalised home-based exercise
prehabilitation programme (Berkel et al. 2020). Furthermore, patients who had an AT > 11 mL/kg/min were encouraged to follow the global recommendations on
exercise (World Health Organization 2010).
Malnutrition Patients’ nutritional status was determined with the Patient-Generated Subjective Global Assessment (PG-SGA) (Bauer et al. 2002). When patients
scored ≥ 4 or had clinical signs of malnutrition (e.g., unexplained weight loss), they were referred to a specialised dietician. Patients who were not at risk were also
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made aware of the health benefits of a healthy diet, and
the importance of adequate protein intake was
emphasised.
Anaemia Laboratory tests were already routinely conducted on each patient before they visited the surgeon.
To assess whether patients suffered from iron-deficiency
anaemia, ferritin, transferrin saturation (TSAT), iron and
transferrin were added as standard items to the laboratory screening. Patients with an Hb-level < 12 g/dL (7.5
mmol/L) for women and < 13 g/dL (8 mmol/L) for men
and with a TSAT ≤ 20% received an iron injection
(Froessler et al. 2016). Iron(III)isomaltoside-1000 was
used for the injection because patients undergoing liver
surgery are prone to hypophosphatemia (Nomura et al.
2014), which is more often described as a side effect of
ferric carboxymaltose than of iron(III)isomaltoside-1000
(Wolf et al. 2020). The exclusion criteria for receiving an
iron injection were as follows: a serum ferritin level ≥
500 μg/L, decompensated liver disease, contraindication
for parenteral iron preparations and iron disorders (e.g.,
haemochromatosis and haemosiderosis).
Frailty Patients’ frailty was measured with both the Robinson frailty score and the Groningen Frailty Indicator
(GFI) (Peters et al. 2012; Robinson et al. 2013). The Robinson frailty score consists of seven frailty characteristics,
each with its own cutoff values: (i) Timed Up and Go
test ≥ 15 s; (ii) Katz score ≥ 1; (iii) Mini-Cog ≤ 3; (iv)
Charlson Comorbidity Index ≥ 13; (v) haemoglobin ≤ 12
g/dL (7.5 mmol/L); (vi) albumin ≤ 34 g/L; and (vii) number of times the patient has fallen in the last 6 months ≥
1. Together, these items yielded a score between 0 and
7, where a score of ≥ 4 was considered frail. The GFI is
a 15-item validated questionnaire for the elderly, and the
questions yielded a score between 0 and 15, where a
score ≥ 4 was considered frail. Patients who were frail
based on either the Robinson frailty score or GFI were
referred to the geriatrician for a comprehensive geriatric
assessment (Hernandez Torres and Hsu 2017).
Substance use (smoking/alcohol) Patients were asked
about their smoking and alcohol drinking behaviours.
Preoperative smoking and motivation to quit were
assessed with the following questions: ‘Do you smoke?’
‘If so, do you intend to quit smoking?’ Preoperative alcohol (ab)use was assessed with the following questions:
‘Do you ever drink alcohol?’ ‘If so, how many glasses a
week on average?’ All patients who smoked or (ab)used
alcohol were strongly advised to quit. In addition, they
were referred to their general practitioner for guidance
to stop smoking and/or drinking alcohol (Tonnesen
et al. 2010).
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Psychological resilience (anxiety/depression) Patients
were screened for psychological resilience. The Hospital
Anxiety and Depression Scale (HADS) was used to determine the need for reduction of stress and/or anxiety
(Zigmond and Snaith 1983). Patients with a score ≥ 8 on
one of the subscales (anxiety or depression) were advised
to make an appointment with the mental health nurses
who work in partnership with their own general
practitioners.
In the event that a patient was advised to make an appointment with their general practitioner for guidance
to stop smoking or using alcohol or for psychosocial
support, their general practitioner was informed via a
letter by the clinician about the advice given to the patient. However, the patient needed to make the appointment by him/herself.
Data collection

Baseline patient characteristics included sex, age, body
mass index, American Society of Anaesthesiologists
score (ASA), Charlson Comorbidity Index and race. Data
on the digital questionnaires and on patients’ scores for
the six risk factors were collected. Additionally, patients’
adherence to their prescribed interventions was recorded
as well as their reasons if they did not adhere to one or
more of the interventions.
Statistical analysis

Data were analyzed using SPSS for Windows (version
23.0; IBM, SPSS Inc., Chicago, IL, USA). Continuous
data were presented as mean and standard deviation
(SD) or as median and interquartile range (IQR) where
appropriate. Categorical data were summarised by frequency and percentage.

Results
Baseline characteristics of the study group

We analysed the first consecutive 100 patients who had
been screened at the prehabilitation outpatient clinic. All
gave consent for inclusion in the study. Of these, 51 patients were men, and the median (IQR) age of all patients was 72 years (66–76). Forty-three patients had an
ASA score ≥ III. The majority (77%) were eventually
scheduled for surgery. Fifteen patients were not listed
for surgery due to their physical status; the harm of operative intervention was expected to outweigh any potential benefits of surgery. The other eight patients were
not listed for surgery because their tumours seemed benign or were judged technically irresectable after additional tests. More than half (54%) of patients were
judged to have limited health literacy based on the
BHLS. Finally, most of the patients (57%) were retired.
More details on the basic characteristics of the participants are presented in Table 1.
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Digital questionnaires and duration of visit to the
prehabilitation outpatient clinic

Despite the relatively advanced age (median 72 years;
IQR 66–76) of the patients and the relatively short
period of time (average 1 week) between being sent the
digital questionnaires and visiting the prehabilitation
outpatient clinic, 84% of all patients completed the questionnaires in advance. The reserved time of 1 h for (i)
taking the tests, (ii) discussing the results and (iii)
explaining the interventions was sufficient for all
patients.
Prevalence of the risk factors and compliance with the
interventions (Table 2)

Low physical fitness Of the 100 patients, 64% had low
physical fitness based on the 6MWT or low activity
level. Forty-two of the 64 unfit patients were eventually
placed on the waiting list for surgery after a visit to the
prehabilitation outpatient clinic and the surgeon and
were advised to perform a CPET. However, only 33 of
the 42 patients performed a CPET. Four patients did not
undergo a CPET due to severe knee problems; five
others could not have a CPET (re)scheduled because
they had intermittent hospital admissions due to cholangitis (2 patients) or portal vein embolisation (1), or because they missed their initial CPET appointment due to
another appointment at the hospital taking longer than
expected (2). Of the patients who did undergo a CPET,
17 (52%) had an AT ≤ 11 mL/kg/min; among them, 15
were requested to enrol in the PRIOR study (preoperative home prehabilitation for patients planned for pancreatic or liver resection) (Berkel et al. 2020). One
patient ended up undergoing radiofrequency ablation,
which is an exclusion criterion for the PRIOR study. In
another patient, surgeons preferred short-term surgery
because of borderline resectability. Eventually, 12 out of
the 15 patients (80%) were included in the PRIOR study.
In two cases, we could not find an available physical
therapist to supervise the patient, and in one case, no
home trainer was available because all were already occupied. Results of the PRIOR study will be published
separately.
Malnutrition Forty-two (42%) patients were at risk of
malnutrition based on the PG-SGA. Twelve patients
eventually did not undergo surgery, and seven patients
were already under treatment from the dietician on the
advice of the referring hospital. The remaining 23 patients were referred to a primary or secondary care dietician, of whom 19 (82%) patients did visit a dietician.
The other four patients did not visit the dietician because they did not see the additional benefit of it.
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Table 1 Baseline characteristics
Characteristics

Total 100 patients
n=%

Sex
Male

51%

Female

49%

Age
18–64

21%

65–74

44%

≥ 75

35%

Median (IQR)

72 (66–76)

Body mass index
< 18.5

1%

18.5–25

40%

25.1–29.9

35%

≥ 30

24%

Mean (SD)

27.09 (5.07)

ASA
I–II

57%

≥ III

43%

Charlson Comorbidity Index
< 5

20%

5–9

72%

≥ 10

8%

Mean (SD)

6 (2)

Indication for referral
Liver tumour

24%

Biliary tract tumour

27%

Gallbladder tumour

6%

Pancreatic head tumour

31%

Pancreatic corpus/tail tumour

7%

Other

5%

Eventually scheduled for surgery
Yes

77%

No, (partly) due to the patient’s condition

15%

No, other reasona

8%

Ethnicity
Dutch

99%

Other

1%

Health literacy (BHLS) b
Low health literacyc

54%

Educationb
None

2.4%

Elementary school

9.5%

High school

39.3%

Secondary vocational

25.0%
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Table 1 Baseline characteristics (Continued)
Characteristics

Total 100 patients
n=%

College or university

23.8%
b

Main source of income
Salary

16.7%

Pension(s)

57.4%

Social allowance(s)

20.4%

None or other sources of income

5.5%

SD standard deviation, BHLS Brief Health Literacy Screen
a
Reasons included suspicion of benign or immune-mediated tumour, irresectable before listed for surgery
b
Data of 16 patients were missing, and thus in this case n = 84
c
Identified by a score of ≥ 3 on at least one of the three questions

(Iron-deficiency) anaemia Among all the patients, 32
(32%) suffered from anaemia, which was caused by
iron deficiency in 15 (47%) of them. Of those patients
with an iron deficiency, 13 were eventually scheduled
for surgery. Of these 13, one patient was already receiving oral iron supplementation, which had been
prescribed by the referring specialist. We prescribed
an iron injection for 12 patients, and all 12 were
administered.

Frailty Of all patients, 22 (22%) were frail based on the
GFI (n = 22) and Robinson frailty scores (n = 7). Twelve
of these patients were eventually scheduled for surgery
and were therefore referred for a comprehensive geriatric assessment supervised by the geriatrician. The advice
given by the geriatrician included delirium prevention
and optimisation of drug treatments for comorbidities
such as heart failure and diabetes. Attention was also
paid to patients’ social networks.

Table 2 Results of the screening, assessments and interventions
Risk factor

Total
screened

Unfit (6 MWT–activity
level)

CPET advised

CPET performed

Unfit (AT ≤ 11 ml/ PRIOR
kg/min)
advised

Physical fitness

100

64

42a

33

17

Total
screened

Malnourished

Dietician advised

Dietician complied

100

42

23 c

19

Total
screened

Anaemia

Iron deficiency

Iron therapy
prescribed

Iron therapy
administered

100

32

15

12d

12

Total
screened

Frail

Geriatrician
advised

Geriatrician
complied

100

22

12e

12

Total
screened

Smoking

Intervention
advised

Intervention
complied

100

12

9f

1

Total
screened

Alcohol (ab)use (> 5
units per day)

Intervention
advised

Intervention
complied

100

18

14g

8

Total
screened

Low psychological
resilience

Psychological help Psychological help
advised
complied

100

21

14h

Malnutrition

Anaemia

Frailty

Smoking

Alcohol use

Low psychological
resilience
a

Eventually not scheduled for surgery (n = 22)
Preference for surgery on short-term (n = 1). Exclusion criteria PRIOR study (n = 1)
c
Eventually not scheduled for surgery (n = 12). Already under treatment (n = 7)
d
Eventually not scheduled for surgery (n = 2). Already under treatment (n = 1)
e
Eventually not scheduled for surgery (n = 10)
f
Eventually not scheduled for surgery (n = 3)
g
Eventually not scheduled for surgery (n = 4)
h
Eventually not scheduled for surgery (n = 6). Already under treatment (n = 1)
b

4

15 b

PRIOR
complied
12
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Substance use (smoking/alcohol) Of all patients, 12
(12%) reported that they smoke. Nine of these patients were eventually scheduled for surgery and were
strongly encouraged to stop smoking. These patients
were subsequently advised to visit the general practitioner for guidance on smoking cessation. Four of
these nine patients indicated that they planned to
stop, two patients indicated that they were motivated
to quit but lacked confidence that they would succeed, and three patients had no intention to stop
smoking. Only one of the nine patients (11%) was
able to quit smoking with help from her general practitioner. The other eight patients failed to stop smoking with or without the help of their general
practitioner. Eighteen (18%) patients said they consumed more than five units of alcohol per week, but
only four of them said they drank more than 21 units
per week, which is the level of alcohol consumption
regarded as hazardous by to the World Health
Organization. Fourteen patients were eventually
scheduled for surgery and were strongly advised to
stop drinking alcohol. Eight of the 14 (57%) were able
to stop; however, only one of these eight drank more
than 10 units of alcohol per week before the assessment. Six patients did not stop drinking alcohol because they were not sufficiently motivated to stop.
Five of these six patients drank more than 10 units
per week, of whom one patient drank more than 21
units per week.
Low psychological resilience The HADS indicated the
presence of anxiety or depression disorders in 21 (21%)
of the patients. Fifteen patients were eventually scheduled for surgery, of whom one already had psychological
help. Only four of the other 14 (29%) sought psychological help after we advised them to do so. The other
ten patients were not interested in receiving psychological help.
Compliance with the interventions

The median (IQR) number of interventions needed in
the 77 patients scheduled for surgery was 1.0 (0–2). Of
the patients who were scheduled for surgery, only 24
(31.2%) had no risk factors and therefore did not require
an intervention. Of the 53 patients who needed one or
more interventions, 28 (52.8%) complied with 100% of
the necessary interventions. The percentage of patients
who complied with 100% of the necessary interventions
diminished as patients needed more interventions. However, the number of patients with three or more risk factors was very small, so these results should be
interpreted with caution. More details can be found in
Table 3.
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Differences in number of risk factors and compliance to
interventions between low and normal health literacy

Patients with a low literacy (n = 45) had a significant (P
= 0.021) higher median number of risk factors 2 [IQR;
1–3] than patients with no limited health literacy (n =
39) 1 [IQR; 0–2]. We also found a significant difference
between the two groups when only the patients that
were scheduled for surgery were compared (P = 0.020).
We found no significant association between health literacy and compliance to their interventions (P = 0.278).
However, we did find an interesting outcome when comparing just the percentage of patients who completed
100% of the interventions within both groups. The percentage of patients that complied to all of the interventions was 45.8% in the low literacy group versus 70.6%
in the normal literacy group.

Discussion
The aim of this study was to evaluate the screening and
assessment of modifiable risk factors amendable for prehabilitation interventions and to measure the patient
compliance rate with recommended interventions for
oncological HPB patients. Our results indicate that it is
feasible to implement a structured screening and assessment for six modifiable risk factors by reengineering the
preoperative care pathway. Two thirds of our referred
patients who were eventually scheduled for HPB cancer
surgery needed preoperative optimisation of one or
more risk factors. Compliance with all of the necessary
interventions was nearly 53%, indicating that there is
room for improvement.
The preoperative process has two important functions:
(1) to ensure that the patient is as prepared as possible to
withstand the stress of surgery (i.e., prehabilitation) and
(2) to ensure an optimal process for shared decision making about whether to perform surgery (Grocott 2019). In
this study, the prehabilitation screening was implemented
before the patients were seen by the surgeon. Early engagement with patients not only creates a longer window
for prehabilitation but also adds value to the surgeon’s assessment of medical operability and consequent informed
shared decision-making. By contrast, other studies in the
field of prehabilitation scheduled their prehabilitation
screening when it was already decided that the patient
would undergo surgery (Barberan-Garcia et al. 2018; van
Rooijen et al. 2019; Carli et al. 2020).
Surgeons in this study experienced the prehabilitation
outpatient clinic and the timing of screening positively.
They found the objective test results of the screening at
the prehabilitation outpatient clinic of additional value
in their assessment of operability. Through this accurate
preoperative risk screening, we have tried to avoid operating on patients for whom the harm of operative interventions is expected to outweigh any potential benefits
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Table 3 Distribution of necessary interventions per patient and the mean compliance with all of the interventions
Number of necessary interventions

Patients scheduled for surgery n = 77, n (%)

% patients compliant with all interventions, n (%)

0

24 (31.2%)

Not applicable

1

25 (32.5)

16 (64.0%)

2

17 (22.1%)

9 (52.9%)

3

6 (7.8%)

2 (33.3%)

4

4 (5.2%)

1 (25.0%)

5

0 (0.0%)

Not applicable

6

1 (1.3%)

0 (0.0%)

7

0 (0.0%)

Not applicable

Interventions include (1) inclusion in PRIOR study, (2) consultation with dietician, (3) iron injection, (4) assessment by geriatrician, (5) cessation of smoking with
help from general practitioner, (6) cessation of alcohol use with help from general practitioner and (7) psychosocial help

of surgery. At the same time, patients who could benefit
the most from a prehabilitation programme were selected. The surgeons in our study also indicated that it
was useful for them to know which risk factors applied
to the patients, which enabled them to pay specific attention to these factors during their consultations.
While the field of prehabilitation is beginning to adopt
a multimodal approach, this is the first study that evaluates the implementation of a structured programme to
optimise oncological HPB patients after screening and
assessment for six modifiable risk factors (Scheede-Bergdahl et al. 2019; van Rooijen et al. 2019; Carli et al. 2020;
Luther et al. 2018). Currently, little evidence exists for
patients’ willingness to address multiple behaviours simultaneously in the prehabilitation context (Luther et al.
2018; McDonald et al. 2019). McDonald and colleagues
explored the effects of motivation for, confidence about
and priority of changing health behaviours before surgery on short-term perioperative health benefits compared with long-term general health benefits. They
concluded that patients exhibited favourable attitudes
towards changing single and multiple health behaviours
before surgery (McDonald et al. 2019). In our study, we
observed a large degree of variation in compliance with
the interventions, which was also described in a review
by Luther et al. (Luther et al. 2018). In spite of the fact
that patients exhibited a favourable attitude towards all
interventions during the consultations in the prehabilitation outpatient clinic, compliance was highly dependent
on the type of intervention.
Compliance with performing a CPET was 87%. However, this was not caused by a lack of willingness on the
part of the patients but rather was due to limited availability of the CPET and medical problems (e.g., osteoarthritis of the knee). In an earlier study by Wilson et al.
(Wilson et al. 2010), patients underwent a CPET as part
of preoperative screening for colorectal surgery, bladder
or kidney cancer surgery, and 54% of patients had an
AT below 10.9 mL/kg/min. We found a similar percentage (52%) in our study; however, we had already

preselected patients for a CPET, which was not the case
in the study of Wilson et al. (except for patients aged >
55 years). The results of the PRIOR study are not yet
available, as the inclusion was completed in April 2020.
However, preliminary results are promising (Van Wijk
et al. 2020), and results are expected soon. In our study,
42% of patients were at risk of malnutrition, whereas La
Torre et al. reported 53% among patients scheduled for
pancreatic surgery (La Torre et al. 2013). Another study
screened all patients admitted to hospital and reported
that 47% were malnourished (Jeejeebhoy et al. 2015). In
our study, 82% of the referred patients visited the dietician. In another study, compliance with nutritional therapy was reported to be between 72 and 96.6% (Luther
et al. 2018).
In addition, we found that 32% of patients suffered
from anaemia, and in 47% of these patients, the anaemia
was caused by an iron deficiency. Munoz et al. reported
the presence of preoperative anaemia in 36% of patients
undergoing major abdominal surgery, with an absolute
iron deficiency in 61.25% of cases (Munoz et al. 2017).
This difference in incidence rates could be explained by
differences in the type of underlying diseases from which
patients suffer.
In previous studies, the presence of frailty varied between different types of surgery and assessment tools,
range between 10.4 and 37.0% (Hewitt et al. 2018). We
reported 22% in the present study. All patients who were
referred to the geriatrician or for an iron injection
attended their appointment.
The HADS indicated the presence of an anxiety or depression disorder in 21% of all patients in our study; this
is comparable with the results of Clark et al., who found
depression or anxiety in 29% in patients with pancreatic
cancer (Clark et al. 2010). In our study, only 29% sought
psychological help. In a review of Mosher et al. about
psychosocial interventions for patients with colorectal
cancer, compliance varied between 62 and 97%; however, interventions were better facilitated and supplied
than in our study (Mosher et al. 2017).
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In our study, 12% of the patients smoked, and 18%
consumed more than 5 units of alcohol per week. These
percentages were lower than those reported for the incidence of smoking (30%) in patients scheduled for general surgery but comparable with the 7–49% incidence
of hazardous drinking (Tonnesen et al. 2009). In our
study, only 11% of patients were able to stop smoking,
which is lower than the percentages reported in relevant
literature, which have varied from 35 to 89% depending
on the type of intervention (Tonnesen et al. 2009; Boylan
et al. 2019). In our study, more patients (57%) managed
to quit alcohol, which is in line with the results of
McDonald et al. who reported patients being more motivated and confident about quitting alcohol than smoking
(McDonald et al. 2019). Despite the modest success rates
for quitting smoking and alcohol in this study, the results showed that even a brief intervention (giving advice
to quit and seeking help from the patient’s general practitioner if necessary) can be beneficial. However, to
achieve optimal results for preoperative smoking and alcohol control interventions, intensive programmes with
competent and dedicated health professionals are required (Tonnesen et al. 2009).
Overall, compliance with hospital appointments was
higher than in interventions where the initiative for
making the appointment rested with the patient. These
results underline both the usefulness of and the need for
intensive support services to help patients with optimising their modifiable risk factors (McDonald et al. 2019).
This suggests that it is important to include preoperative
risk stratification and prehabilitation as an integral part
of the perioperative care package.
An important strength of our study was that the
screening consisted of six potential risk factors and that
the preoperative screening was already incorporated in
the perioperative care pathway. An important limitation
of the study is that we did not investigate the effect of
the interventions. In order to evaluate the effect of all interventions, patients would have to be re-evaluated after
the intervention, which would be logistically difficult.
Moreover, the actual effect of interventions is difficult to
determine due to side effects of interventions on the different domains. In addition, the study was conducted in a
specific population in a university hospital, which reduced
the generalizability of the results. Because not all interventions carried out by the patient could be verified (e.g., a
patient who told that he had visited a dietician), the results
should be interpreted with caution. It is clear that multimodal prehabilitation is likely to improve postoperative
outcomes (Hughes et al. 2019; Kamarajah et al. 2020). The
time has now come to determine how prehabilitation
should be incorporated into the preoperative care pathway. A recently published article argued that multimodal
prehabilitation should include exercise, nutrition and
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psychosocial care (Kamarajah et al. 2020). The authors
consider it a lost opportunity not to include the other
known risk factors and suggest that each patient should
be screened for the six risk factors as discussed in the
present study, which also corresponds to the recommendation of Bongers and colleagues (Bongers et al. 2020). In
addition, our results showed that 53 of the 77 HPB patients (68.8%) needed at least one intervention, and patients with a low literacy had on average significant more
risk factors than patients with a normal health literacy.
Furthermore, structured screening and assessment might
improve the cost-effectiveness of prehabilitation programmes because prehabilitation is most beneficial for
high-risk patients (Barberan-Garcia et al. 2019; Berkel
et al. 2018; Barberan-Garcia et al. 2018; Goncalves and
Groth 2019; Minnella et al. 2016). However, literature regarding the cost-effectiveness of prehabilitation is limited
(Barberan-Garcia et al. 2019; Nielsen et al. 2008). It would
be of interest to investigate the potential financial benefits
of prehabilitation programmes; demonstrating such benefits might accelerate their implementation.
In conclusion, our study evaluated the implementation
of a prehabilitation outpatient clinic for patients referred
for hepatobiliary and pancreatic cancer surgery. It was
feasible to reengineer the preoperative care pathway in
order to implement a structured screening and assessment
for six modifiable risk factors before the patients visited
the surgeon. Especially when the initiative for the intervention lies with the patient, it is a challenge to ensure
that all patients adhere to their necessary interventions
during the waiting period. To ensure patients comply with
all interventions, intensive programmes with competent
and dedicated health professionals are required.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13741-020-00175-z.
Additional file 1.
Abbreviations
ASA: American Society of Anaesthesiologists score; BHLS: Brief Health Literacy
Screen; CPET: Cardiopulmonary exercise test; GFI: Groningen Frailty Indicator;
HADS: Hospital Anxiety and Depression Scale; HPB: Hepatic, pancreatic and
biliary; PG-SGA: Patient-Generated Subjective Global Assessment;
TSAT: Transferrin saturation; 6MWT: 6-minute walk test
Acknowledgements
We would like to thank Thea A. Dijkstra-Jansma, Olette J. Pras, Leona Hazenhoek, Leanne Plas- Kemper and Ellen S. Jellema-Betten for their contributions
to the implementation of the prehabilitation outpatient clinic. We also would
like to thank Mayella Kuikhoven for facilitating and supervising the cardiopulmonary exercise tests.
Authors’ contributions
Study conception and design: LW, CB, JK. Acquisition of data: LW, LS, MH, JH.
Analysis and interpretation of data: LW, LS, CB, JK. Drafting of the manuscript:
all authors. Critical revision of the manuscript: all authors. The authors read
and approved the final manuscript.

Wijk et al. Perioperative Medicine

(2021) 10:5

Funding
We received an Educational Grant from Johnson & Johnson Medical Devices
Company (HIP022512, Grant UMCG 2019) to use for educating care
professionals about the prehabilitation outpatient clinic. We also received a
Public-Private Partnership allowance (PPP-2019_009) from an internal call of
the University Medical Centre Groningen for implementing the prehabilitation outpatient clinic.
Availability of data and materials
Data are available from the corresponding author on reasonable request.
Ethics approval and consent to participate
This study was approved by the Institutional Review Board of the University
Medical Centre Groningen (Netherlands research registration number
201800293). All patients gave consent for inclusion in this study.
Consent for publication
N/A
Competing interests
The authors declare no competing interests.
Received: 31 August 2020 Accepted: 28 December 2020

References
Barberan-Garcia A, Ubre M, Pascual-Argente N, et al. Post-discharge impact and
cost-consequence analysis of prehabilitation in high-risk patients undergoing
major abdominal surgery: secondary results from a randomised controlled
trial. Br J Anaesth. 2019;123(4):450–6.
Barberan-Garcia A, Ubre M, Roca J, et al. Personalised prehabilitation in high-risk
patients undergoing elective major abdominal surgery: a randomized
blinded controlled trial. Ann Surg. 2018;267(1):50–6.
Bauer J, Capra S, Ferguson M. Use of the scored Patient-Generated Subjective
Global Assessment (PG-SGA) as a nutrition assessment tool in patients with
cancer. Eur J Clin Nutr. 2002;56(8):779–85.
Berkel AEM, Bongers BC, van Kamp MS, et al. The effects of prehabilitation versus
usual care to reduce postoperative complications in high-risk patients with
colorectal cancer or dysplasia scheduled for elective colorectal resection:
study protocol of a randomized controlled trial. BMC Gastroenterol. 2018;
18(1):29–6.
Berkel AEM, Van Wijk L, Bongers BC, Van Der Palen J, Buis CI, Reudink M, Liem
MSL, Slooter GD, Van Meeteren NLU, Klaase JM. Study protocol of a singlearm pre-post study to assess the preliminary effectiveness and feasibility of a
home-based bimodal prehabilitation program on preoperative aerobic
fitness in high-risk patients scheduled for liver or pancreatic resection. Int J
Clin Trials. 2020;7(2):103–11.
Bongers BC, Dejong CHC, den Dulk M. Enhanced recovery after surgery
programmes in older patients undergoing hepatopancreatobiliary surgery:
what benefits might prehabilitation have? Eur J Surg Oncol. 2020;S07487983(20):30370–X. https://doi.org/10.1016/j.ejso.2020.03.211.
Boylan MR, Bosco JA, Slover JD. Cost-effectiveness of preoperative smoking
cessation interventions in total joint arthroplasty. J Arthroplast. 2019;34(2):
215–20.
Carli F, Bousquet-Dion G, Awasthi R, et al. Effect of multimodal prehabilitation vs
postoperative rehabilitation on 30-day postoperative complications for frail
patients undergoing resection of colorectal cancer: a randomized clinical
trial. JAMA Surg. 2020;155(3):233–42.
Carli F, Ferreira V. Prehabilitation: a new area of integration between geriatricians,
anesthesiologists, and exercise therapists. Aging Clin Exp Res. 2018;30(3):241–4.
Carli F, Silver JK, Feldman LS, et al. Surgical prehabilitation in patients with cancer:
state-of-the-science and recommendations for future research from a panel of
subject matter experts. Phys Med Rehabil Clin N Am. 2017;28(1):49–64.
Clark KL, Loscalzo M, Trask PC, et al. Psychological distress in patients with
pancreatic cancer--an understudied group. Psychooncology. 2010;19(12):
1313–20.
Dale W, Hemmerich J, Kamm A, et al. Geriatric assessment improves prediction of
surgical outcomes in older adults undergoing pancreaticoduodenectomy: a
prospective cohort study. Ann Surg. 2014;259(5):960–5.

Page 11 of 12

Froessler B, Palm P, Weber I, et al. The important role for intravenous iron in
perioperative patient blood management in major abdominal surgery: a
randomized controlled trial. Ann Surg. 2016;264(1):41–6.
Glance LG, Osler TM, Neuman MD. Redesigning surgical decision making for
high-risk patients. N Engl J Med. 2014;370(15):1379–81.
Goncalves CG, Groth AK. Prehabilitation: how to prepare our patients for elective
major abdominal surgeries? Rev Col Bras Cir. 2019;46(5):e20192267. https://
doi.org/10.1590/0100-6991e-20192267 eCollection 2019.
Grocott MP. Pathway redesign: putting patients ahead of professionals. Clin Med
(Lond). 2019;19(6):468–72.
Grocott MPW, Edwards M, Mythen MG, et al. Peri-operative care pathways: reengineering care to achieve the ‘triple aim’. Anaesthesia. 2019;74(Suppl 1):
90–9.
Grocott MPW, Plumb JOM, Edwards M et al. Re-designing the pathway to
surgery: better care and added value. Perioper Med (Lond) 2017;6:9,4.
eCollection 2017. Accessed 15 July 2020.
Hernandez Torres C, Hsu T. Comprehensive geriatric assessment in the older
adult with cancer: a review. Eur Urol Focus. 2017;3(4-5):330–9.
Hewitt J, Long S, Carter B, et al. The prevalence of frailty and its association with
clinical outcomes in general surgery: a systematic review and meta-analysis.
Age Ageing. 2018;47(6):793–800.
Hughes MJ, Hackney RJ, Lamb PJ, et al. Prehabilitation before major abdominal
surgery: a systematic review and meta-analysis. World J Surg. 2019;43(7):
1661–8.
Jeejeebhoy KN, Keller H, Gramlich L, et al. Nutritional assessment: comparison of
clinical assessment and objective variables for the prediction of length of
hospital stay and readmission. Am J Clin Nutr. 2015;101(5):956–65.
Kamarajah SK, Bundred J, Weblin J, et al. Critical appraisal on the impact of
preoperative rehabilitation and outcomes after major abdominal and
cardiothoracic surgery: a systematic review and meta-analysis. Surgery. 2020;
167(3):540–9.
La Torre M, Ziparo V, Nigri G, et al. Malnutrition and pancreatic surgery:
prevalence and outcomes. J Surg Oncol. 2013;107(7):702–8.
Li C, Carli F, Lee L, et al. Impact of a trimodal prehabilitation program on
functional recovery after colorectal cancer surgery: a pilot study. Surg
Endosc. 2013;27(4):1072–82.
Luther A, Gabriel J, Watson RP, et al. The impact of total body prehabilitation on
post-operative outcomes after major abdominal surgery: a systematic review.
World J Surg. 2018;42(9):2781–91.
McDonald S, Yates D, Durrand JW, et al. Exploring patient attitudes to behaviour
change before surgery to reduce peri-operative risk: preferences for short- vs.
long-term behaviour change. Anaesthesia. 2019;74(12):1580–8.
Minnella EM, Awasthi R, Gillis C, et al. Patients with poor baseline walking
capacity are most likely to improve their functional status with multimodal
prehabilitation. Surgery. 2016;160(4):1070–9.
Mosher CE, Winger JG, Given BA, et al. A systematic review of psychosocial
interventions for colorectal cancer patients. Support Care Cancer. 2017;25(7):
2349–62.
Munoz M, Laso-Morales MJ, Gomez-Ramirez S, et al. Pre-operative haemoglobin
levels and iron status in a large multicentre cohort of patients undergoing
major elective surgery. Anaesthesia. 2017;72(7):826–34.
Nielsen PR, Andreasen J, Asmussen M, et al. Costs and quality of life for
prehabilitation and early rehabilitation after surgery of the lumbar spine.
BMC Health Serv Res. 2008;8:209.
Nomura K, Tatsumi S, Miyagawa A, et al. Hepatectomy-related
hypophosphatemia: a novel phosphaturic factor in the liver-kidney axis. J Am
Soc Nephrol. 2014;25(4):761–72.
Peters LL, Boter H, Buskens E, et al. Measurement properties of the Groningen
Frailty Indicator in home-dwelling and institutionalized elderly people. J Am
Med Dir Assoc. 2012;13(6):546–51.
Robinson TN, Wu DS, Pointer L, et al. Simple frailty score predicts postoperative
complications across surgical specialties. Am J Surg. 2013;206(4):544–50.
Sand-Jecklin K, Coyle S. Efficiently assessing patient health literacy: the BHLS
instrument. Clin Nurs Res. 2014;23(6):581–600.
Scheede-Bergdahl C, Minnella EM, Carli F. Multi-modal prehabilitation: addressing
the why, when, what, how, who and where next? Anaesthesia. 2019;74(Suppl
1):20–6.
Silver JK. Cancer prehabilitation and its role in improving health outcomes and
reducing health care costs. Semin Oncol Nurs. 2015;31(1):13–30.
Thomas G, Tahir MR, Bongers BC, et al. A systematic review of randomised
controlled trials investigating prehabilitation before major intra-abdominal

Wijk et al. Perioperative Medicine

(2021) 10:5

cancer surgery: an analysis of prehabilitation content and outcome
measures. Eur J Anaesthesiol. 2019;36(12):933–45.
Tonnesen H, Faurschou P, Ralov H, et al. Risk reduction before surgery. The role
of the primary care provider in preoperative smoking and alcohol cessation.
BMC Health Serv Res. 2010;10:121.
Tonnesen H, Nielsen PR, Lauritzen JB, et al. Smoking and alcohol intervention
before surgery: evidence for best practice. Br J Anaesth. 2009;102(3):297–306.
Troosters T, Gosselink R, Decramer M. Six minute walking distance in healthy
elderly subjects. Eur Respir J. 1999;14(2):270–4.
van Rooijen S, Carli F, Dalton S, et al. Multimodal prehabilitation in colorectal
cancer patients to improve functional capacity and reduce postoperative
complications: the first international randomized controlled trial for
multimodal prehabilitation. BMC Cancer. 2019;19(1):98–6.
Van Wijk L, Berkel AEM, Buis CI, Bongers BC, Klaase JM. Preoperative home-based
exercise prehabilitation in patients scheduled for liver or pancreatic resection:
the first results of the PRIOR study. Eur J Surg Oncol 2020;46(2):e128. https://
doi.org/10.1016/j.ejso.2019.11.331 Accessed 15 July 2020.
Wasserman K, Hansen JE, Sue DY, Casaburi R, Whipp BJ, editors. Principles of
exercise testing and interpretation. Ned Tijdschr Geneeskd. 1999;143:1896.
Wijeysundera DN, Pearse RM, Shulman MA, et al. Assessment of functional
capacity before major non-cardiac surgery: an international, prospective
cohort study. Lancet. 2018;391(10140):2631–40.
Wilson RJ, Davies S, Yates D, et al. Impaired functional capacity is associated with
all-cause mortality after major elective intra-abdominal surgery. Br J Anaesth.
2010;105(3):297–303.
Wolf M, Rubin J, Achebe M, et al. Effects of iron isomaltoside vs ferric
carboxymaltose on hypophosphatemia in iron-deficiency anemia: two
randomized clinical trials. JAMA. 2020;323(5):432–43.
World Health Organization: Global recommendations on physical activity for
health WHO, Geneva 2010. https://www.who.int/publications/i/item/
9789241599979; Accessed 15 July 2020.
Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr
Scand. 1983;67(6):361–70.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 12 of 12

