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Abstract 

Objective Peripheral arterial disease (PAD) is a manifestation of atherosclerosis that affects the lower extremi-
ties and afflicts more than 200 million people worldwide. Because of limited resources, the need to provide qual-
ity care associated with cost control is essential for health policies. Our study concerns an interhospital compari-
son among seventeen Belgian hospitals that integrates the weighting of quality indicators and the costs of care, 
from the hospital perspective, for a patient with this pathology in 2018.

Methods The disability-adjusted life years (DALYs) were calculated by adding the number of years of life lost due 
to premature death and the number of years of life lost due to disability for each in-hospital stay. The DALY impact 
was interpreted according to patient safety indicators. We compared the hospitals using the adjusted values   of costs 
and DALYs for their case mix index, obtained by relating the observed value to the predicted value obtained by linear 
regression.

Results We studied 2,437 patients and recorded a total of 560.1 DALYs in hospitals. The in-hospital cost average 
[standard deviation (SD)] was €8,673 (€10,893). Our model identified the hospitals whose observed values were higher 
than predicted; six needed to reduce the costs and impacts of DALYs, six needed to improve one of the two factors, 
and four seemed to have good results. The average cost (SD) for the worst performing hospitals amounted to €27,803 
(€28,358).

Conclusions Studying the costs of treatment according to patient safety indicators permits us to evaluate the entire 
chain of care using a comparable unit of measurement.
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Introduction
Atherosclerosis is a form of arterial ageing involving 
atherosclerotic plaque formation in the artery wall. 
The plaques consist of a lipid deposit (cholesterol, tri-
glycerides, or both), limestone and inflammatory and 
muscular cells surrounded by a fibrous covering. These 
atheromatous plaques grow in the artery wall, which 
thickens and becomes stenotic. Lesion progression 
and plaque rupture can lead to thrombosis and arterial 
obstruction. Atherosclerosis mainly affects medium- 
and large-calibre arteries: the coronary arteries that 
irrigate the heart, the carotid arteries intended for the 
brain, the infrarenal abdominal aorta, the iliac arter-
ies, and the femoral and femoro-popliteal arteries of 
the legs [1]. Peripheral arterial disease (PAD) is a mani-
festation of atherosclerosis that affects the lower limbs 
and is a major public health problem because it affects 
more than 200 million people worldwide [2].

According to the World Health Organization, car-
diovascular disease, in general, is responsible for more 
than 30% of mortality, constituting the leading cause of 
death in the world [3]. Disability and mortality associ-
ated with PAD have increased over the past 20  years. 
Moreover, the burden of PAD is no longer limited to 
the elderly population but now affects young adults [4]. 
In France, the condition is responsible for an additional 
cost of more than €11,000 per year/patient. In com-
parison, the annual cost of a patient with a myocardial 
infarction amounts to €12,679 in the following year. 
Based on 500,000 French patients in 2014 insured at 
100%, the annual cost of this pathology was estimated 
at €5,500 million [5]; the situation is proportionally 
comparable in Belgium.

Faced with this situation and due to financial 
resource limitations, the need to provide quality care 
associated with cost control is becoming important in 
health policies. A recent study using administrative 
data highlighted the crucial role of complications and 
readmissions after vascular surgery both as a meas-
ure of quality and as a major source of cost savings 
for healthcare systems [6]. A simultaneous analysis of 
costs and results therefore appears useful to reflect 
the areas for improving healthcare by working on 
good practice guides [7, 8] coupled with interhospital 
benchmarking.

The disability-adjusted life year (DALY) is a measure-
ment unit now commonly used in health economics 
studies to reflect treatment or intervention effectiveness; 
it is also used as a medico-economic factor on a scale 
of 0 (perfect health) to 1 (equivalent to death) that indi-
cates the burden of a disease. In 2015, Belgium recorded 
more than 100  years of life lost (YLLs) in good health, 

including harm to patients, per 100,000 inhabitants. 
The DALY average for the Organization for Economic 
Cooperation and Development (OECD) is more than 70 
DALYs/100,000 inhabitants [9].

Our study proposes an interhospital comparison 
among 17 Belgian hospitals that integrates the weight-
ing of quality indicators (DALY) and the costs of com-
plete care for a patient from the Associated Hospital Cost 
Analysis Project (PACHA) [10].

Methods
We used the methodology already reported by Dehanne 
et al. [11]. For the reader’s understanding, we have taken 
it up in extenso in the following paragraphs.

Case selection
The study sample was based on data from 17 general 
hospitals in Belgium (including academic hospitals) 
from the Associated Hospital Cost Analysis Project 
(PACHA, Table  1). The hospitals involved have been 
anonymized. Institutional Review Board approval was 
not required for that study. We focused our analysis 
on inpatients with a primary diagnosis of PAD. Codes 
from I70.2* to I70.9* according to the 10th Revision 
of the International Statistical Classification of Dis-
eases and Related Health Problems (ICD-10-BE) [12] 
were used to select these in-hospital stays. Within the 
diagnosis-related group (DRG), the admissions were 
then classified into three categories according to the 
Healthcare Cost and Utilization Project (HCUP) clas-
sification [13]: atherosclerosis (lower limbs), graft/
prothesis complications, and gangrene. The minimum 
of one-night hospital stays in 2018 were kept for the 
study. Among these, we identified all patients who were 
readmitted to the same hospital within 30 days of dis-
charge from the first inpatient stay. The inpatient stay 
in our study is therefore defined as the combination 
of the first in-hospital stay and the readmission, if it 
existed, of the same patient to the same hospital for a 
problem related to the first admission. Ultimately, our 
total population included 2,437 hospital stays. Among 
all these stays and according to group 34, we identified 
19 different DRGs with diagnosis of atherosclerosis in 
the lower limbs.

Patient safety indicators and Charlson index
To develop the patient safety indicators, we used the 
construction methodology of the Agency for Health-
care Research and Quality (AHRQ), V.5.0.8 [14]. The 
AHRQ’s indicators are measures of healthcare quality 
based on medico-administrative data available in hos-
pital databases. Only the secondary diagnostic codes 
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mentioned as «not present at admission» were used to 
identify hospital stay-related complications (Table  2). 
The Charlson index [15] was applied to the entire 
population.

Belgian hospitals depend on a tool from 3  M© to deter-
mine the severity of stays. This classification depends on 
co-morbidities, secondary problems and procedures car-
ried out during the stay. This medico-economic classifi-
cation relates the level of resources that hospitals must 
provide to care the patient.

Here, we have used the Charlson index to avoid the 
over-coding bias associated with severity indices. The 
Charlson score is calculated using the medical informa-
tion available at the beginning of the stay.

The HCUP classification was then used to avoid het-
erogeneity within certain disease groups. Given the ori-
gin of these codes, we believe that they are closely linked 
to our cost evaluation objectives. By using HCUP codes, 
we go from 86 different ICD10 codes (main diagnosis) to 
3 HCUP disease groups. This conversion seems easier to 
use for statistical purposes.

Calculation of DALYs
DALYs were calculated by adding the number of years 
of life lost due to premature death [years of life lost 
(YLLs)] and the number of years of life lost due to dis-
ability [years of life lost due to disability] (YLDs)] [16] 
for each hospital stay.

Specifically, the number of YLDs was calculated by 
multiplying incident cases by the duration and sever-
ity of disability for a given disease. For pressure ulcers 
(stage III and IV) and postoperative respiratory failure, 
we used the disability weight from the 2016 Global 
Burden of Disease (Institute for Health Metrics and 
Evaluation report) [17], while for the other compli-
cations, the weights from the article by Jha and col-
leagues [18] were applied.

When we were unable to determine the DALYs, we 
referred to a pathology that was clinically similar to our 
complication (e.g., respiratory failure or other severe car-
diovascular diseases). The durations of short-term com-
plications were taken from the literature review of Jha’s 

DALY s = YLLs + YLDs

Table 1 List of hospitals in the Associated Hospital Cost Analysis Project (PACHA)

Hospitals Status n of Beds

Centre Hospitalier de l’Ardenne General 96

Centre Hospitalier Régional de Huy General 317

Centre Hospitalier Régional de Namur General 397

Centre Hospitalier Régional du Val de Sambre General 297

Centre Hospitalier Universitaire de Tivoli General 518

Centre Hospitalier Universitaire Saint-Pierre General 441

Centre Hospitalier Interrégional Edith Cavell—Delta General 438

Centre Hospitalier Régional Verviers General 441

CHU UCL Namur—Godinne Academic 386

CHU UCL Namur—Sainte-Elisabeth General 305

Clinique St-Luc Bouge General 302

Cliniques du Sud Luxembourg General 337

Cliniques Universitaires Saint-Luc Academic 973

Hôpital André Vésale General 351

Hôpital Civil Marie Curie General 547

Hôpital Erasme Academic 884

Hôpitaux de Marche-en-Famenne et de Bastogne General 199

Table 2 List of Patient safety indicators, AHRQ

List of patient safety indicators (PSI) from AHRQ V.5.0 used in the 
study

PSI 03 Pressure ulcer rate

PSI 06 Iatrogenic pneumothorax rate

PSI 07 Central venous catheter-related bloodstream infection rate

PSI 09 Postoperative bleeding rate or hematoma rate

PSI 10 Postoperative physiological and metabolic disorder rate

PSI 11 Postoperative respiratory failure rate

PSI 12 Deep vein thrombosis rate or postoperative pulmonary 
embolism

PSI 13 Postoperative sepsis rate

PSI 16 Number of transfusion reactions
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article [18]. The DALY calculation was then applied to all 
the stays of our population.

We also assigned a DALY for stays for which readmis-
sion for pain/discomfort occurred within 30  days and 
which was related to the initial reason for hospitaliza-
tion. The duration of disability for readmissions corre-
sponded to the sum of the duration of the first stay and 
the period preceding the start of the second admission. 
Mortality was calculated based on Belgian mortality and 
life expectancy tables [19]. The disability weighting of 
death corresponding to 1 in our study was multiplied by 
life expectancy according to the individual’s age.

If a patient experienced a complication followed by a 
death during their stay, we only counted this case as a death.

Hospital cost data
In this study, costs refer to expenses for the acute man-
agement of hospital stays from the hospital perspective. 
The cost from the hospital perspective was calculated 
using an analytical accounting method for full costing 
[10]. As not all hospitals have a revalidation department, 
we did not consider cost data related to activities that 
occurred in the revalidation department to objectively 
compare them. The isolated costs of revalidation have 
then been subtracted from the total cost of the stay.

Statistical analysis
Statistical analyses were performed using SPSS software, 
V.25. The descriptive statistics of the different variables 
are presented as the mean (SD).

Kruskal‒Wallis and Mann‒Whitney tests were used 
to verify the significant differences in dependent vari-
ables (DALY/cost) in relation to ordinal and dichotomous 
independent variables.

The indicators structured according to the Donabedian 
model were constructed based on data from the litera-
ture and the availability of data in our database [20–23].

To correct the distribution of dependent variables 
such as DALY and cost, a logarithmic transformation 
was used. We then recoded our independent variables 
into a dummy variable. A stepwise linear regression 
was then performed on these new dependent variables 

Number of years of lif e lost due to disability (Patient Saf ety) per hospital stay (YLDs) = Weight of the

complication X Duration of the complication

Number of years of lif e lost due to death per hospital stay (YLLs) = 1 X Number of years of lif e lost/age

Total cost of inpatient = (the cost of the f irst admission−the cost related to the revalidation) + the total of the readmission

to identify predicted hospital values. This approach 
allowed data to be adjusted according to the serious-

ness of the pathologies specific to each healthcare 
establishment.

The predictive indices used in our model were the Charl-
son comorbidity index, age, admission diagnosis, sex, type 
of admission, type of destination on discharge, passage to 
the intensive care unit, transfer to the geriatric unit, geriat-
ric assessment during hospitalization, readmission within 
30 days of the end of the first stay, and patient safety indica-
tors during the hospital stay. We selected these independ-
ent variables based on indicators taken from the literature 

[20–23] and on the significance of the data from the univari-
ate analysis. Homoscedasticity was checked using a graph.

Preference was given to using the Charlson index in the 
regression, rather than the relative weight (case mix index), 
since the Charlson index includes comorbidities present at 
admission and not complications encountered during the 
hospital stay. Finally, ratios between the observed value and 
predicted value of the inpatient stay were calculated.

Results
Table  3 describes the main results from the univariate 
analysis and hospital comparison. Table  3 summarizes 
the main regression results.

Table 3 Distribution of HCUP-severity

n = 2400 Atherosclerosis Graft/Prosthetic 
complications

Gangrene

1-Minor n 925 34 16

% 45% 32% 7%

2-Moderate n 913 54 106

% 44% 51% 46%

3-Major n 193 15 84

% 9% 14% 36%

4-Extreme n 32 2 26

% 2% 2% 11%

Total 2063 105 232
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Description of inpatients
Population
We studied 2,437 inpatients for the three HCUP codes: 
atherosclerosis (n = 2,097), prosthetic complications 
(n = 107), and gangrene (n = 233) (Table  3). The popula-
tion on average (SD) was 68 years (11 years) in age, with 
67% being male. Most patients (59%) were in their fifties. 
The Charlson index average (SD) calculated was 2.7 (1.7) 
with a distribution of 24%, 31%, 20%, 11% and 13% for the 
indices from 1 to 5, respectively. Eighty-four percent of 
the population had a severity index of -1 (minor; 40%) or 
-2 (moderate; 44%) (Table 4).

The patients were admitted to the 17 hospitals accord-
ing to an urgent mode with (n = 206; 9%) or without 
(n = 20) visiting the emergency department, or accord-
ing to a planned mode (n = 2,211; 91%). The mean length 
(SD) of stay was 6.6 days (11.4 days) (Table 4). These stays 
included 9% admissions to intensive care and 2% hospi-
talizations in the geriatrics department. During their stay, 
4% of patients benefited from contact with a physician 
specializing in geriatrics (Table 4). The average length of 
stay (SD) for all stays was 6.53 days (1.36 days).

The mortality was 2.1%, and the complication rate dur-
ing hospital stays was 23.9%, divided into bedsores (< 1%), 
catheter-related bloodstream infections (3%), haemor-
rhages and haematomas (20%), physiological and/or met-
abolic disorders (3%), respiratory failure (1%), deep vein 
thrombosis or pulmonary embolism (< 1%), and sepsis 
(1%). There were no reports of iatrogenic pneumothorax 
or transfusion reactions in the database in 2018 (Table 4). 
Readmissions accounted for 13% of stays, and 1% of 
patients had been admitted twice in the first 30 days fol-
lowing the initial discharge (Table 4).

Duration and cost of stay
The average cost (SD) of a hospital stay was €8,673 
(€10,893) or higher (p < 0.001) for surgical treatment 
(€8,852 ± €10,909) vs. medical treatment (€7,689 ± €10,312) 
(Table 4).

This cost was significantly different (p < 0.001) accord-
ing to the reported HCUP code [mean (M) ± SD]: athero-
sclerosis (€7,713 ± €9,032), graft/prosthetic complications 
(€10,417 ± €14,247), and gangrene (€16,693 € ± €1,118) 
(Table 4).

Age and sex did not modify the costs of care (Table 4).
The average hospitalization cost (SD) was significantly 

modified by the severity index (p < 0.001) and the Charlson 
index (p < 0.001). The average cost (SD) went, respectively 
from €5,782 (€5,380) to €35,155 (€35,359) for an admission 
of severity 1-minor or severity 4-extreme and from €6,131 
(€8,124) to €13,113 (€13,000) for patients scored as cat-
egory -1 and -5 on the Charlson index (p < 0.001) (Table 4).

We also measured changes in average costs (SD) 
(p < 0.001) for patients with a 1-minor mortality index 
with €6,476 (€6,313) to €36,773 (€36,984) with an 
index of 4-extreme mortality (Table 4).

The total cost (SD) average for inpatients admitted 
for scheduled care was €7,900 (€9,649), while patients 
admitted urgently with or without visiting the emer-
gency department were significantly higher (p < 0.001): 
€16,621 (€17,251) vs. €14,461 (€14,735), respectively 
(Table 4).

As illustrated in Table  3, patients referred by 
a care home had the lowest average cost (SD): 
€8,081 ± €10,136 (p < 0.05).

Patients discharged from hospital to home had an 
average cost (SD) of €7,992 (€9,268), while those trans-
ferred to another hospital or to a care home had an 
average cost of €22,500 (€29,208) or €13,628 (€13,250), 
respectively. If they died, the average cost (SD) of the 
stay was €20,112 (€21,082) (p < 0.001) (Table 4).

The average cost (SD) of readmission was estimated 
at €17,641 (€17,973) and was significantly higher 
than that of hospitalization without complications 
(€7,257 ± €8,429) (p < 0.001) (Table 3).

The average cost (SD) of a hospital stays requiring 
intensive care was €21,818 (€22,927), which was sta-
tistically higher (p < 0.001) than that which did not 
require ICU treatment (€7,440 ± €7,790) (Table 4).

Admitting a geriatric patient to the ad hoc unit 
costed €2,383 ± €2,437 on average (SD), which was 
lower than the average cost (SD) of conventional hos-
pitalization (€8,571 ± €8,691) (p < 0.001). In compari-
son, the average cost (SD) of hospitalization in the 
vascular surgery department with geriatric contact 
(without completion under geriatric care) was signifi-
cantly higher (€13,551 ± €12,008) (Table 4).

Cost associated with complications
In total, 582 of the 2,437 stays for PAD presented a com-
plication. The hospital stay mean cost (SD) for a compli-
cation was €14,075 (€16,802), which was approximately 
62% higher than that of in-hospital care without complica-
tions (p < 0.001) (Table 4). The average costs of hospitaliza-
tions related to complications were significantly increased 
for the treatment of pressure ulcers (€57,906 ± €85,813 
vs. €8,610 ± €10,222; p < 0.01), catheter-related blood-
stream infections (€29,401 ± €34,089 vs. €8,128 ± €8,783; 
p < 0.001), bleeding and haematomas (€13.414 ± €15.935 vs. 
€7.526 ± €8.772; p < 0.001), physiological and/or metabolic 
disorders (€26.646 ± €33.320 vs. €8.222 ± €9.125; p < 0.001), 
respiratory failure (€51,199 ± €41,742 vs. €8,339 ± €9,463; 
p < 0.001), deep vein thrombosis or pulmonary embolism 
(€23,272 ± €17,311 vs. €8,667 ± €10,809; p < 0.05), and sepsis 
(€43.499 ± €44.548 vs. €8.504 ± €10.081; p < 0.001) (Table 4).
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Table 4 Description of the study population

Dimensions n % DALYs Cost (€)

Mean SD p Mean SD p

Hospital Stays 2,437 100.0 0.23 1.79 8,673 10,893

HCUP code
 Atheroscle-
rosis

2,097 86.0 0.13 1.34 0.000 * 7,713 9,032 0.000 *

 Graft/pros-
thetic compli-
cations 

107 4.4 0.21 1.51 10,417 14,247

 Gangrene 233 9.6 1.10 3.92 16,693 18,118

Gender
 Male 1,630 66.9 0.24 1.78 0.900 ** 8,646 10,700 0.938 **

 Female 807 33.1 0.20 1.80 8,780 11,104

Age category
 1 - (25-49) 94 3.9 0.01 0.01 0.157 * 8,517 6,909 0.271 *

 2 - (50-59) 430 59.3 0.08 1.60 8,409 11,329

 3 - (60-69) 819 29.9 0.29 2.24 8,537 11,314

 4 - (70-79) 684 7.4 0.19 1.50 8,568 9,805

 5 - (80-99) 410 1.8 0.40 1.57 9,537 11,665

Severity
 1 – Minor 975 40.0 0.00 0.00 0.000 * 5,782 5,380 0.000 *

 2 - Moderate 1,073 44.0 0.11 1.15 8,023 7,043

 3 - Major 292 12.0 0.46 2.20 15,276 15,072

 4 - Extreme 60 2.5 4.98 7.70 35,155 35,359

Mortality
 1 – Minor 1,446 59.3 0.01 0.44 0.000 * 6,476 6,313 0.000 *

 2 - Moderate 728 29.9 0.14 1.23 9,732 9,622

 3 – Major 181 7.4 0.94 3.54 14,984 16,504

 4 - Extreme 45 1.8 5.89 7.55 36,773 36,984

Charlson index
 1 583 24.0 0.45 0.76 0.000 * 6,131 8,124 0.000 *

 2 767 31.0 0.16 1.48 7,730 8,306

 3 495 20.0 0.27 1.96 9,652 12,007

 4 265 11.0 0.26 1.30 10,112 10,670

 5 317 13.0 0.63 3.22 13,113 13,000

Admission type
 Planned 2,211 90.7 0.15 1.41 0.000 * 7,900 9,649 0.000 *

 Emergency 
via ED

206 8.5 1.09 3.96 16,621 17,251

 Emergency 
without ED

20 0.8 0.17 0.72 14,461 14,735

Patient origin
 Residence 2,371 59.3 0.22 1.79 0.259 * 8,541 10,499 0.019 *

 Other hos-
pital

27 29.9 0.69 2.53 14,257 17,445

 Care home 33 7.4 0.34 1.10 11,825 11,097

 Public place 6 1.8 0.01 0.01 25,393 44,545
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Table 4 (continued)

Dimensions n % DALYs Cost (€)

Mean SD p Mean SD p

Patient addressing
 Own initia-
tive

87 3.6 1.17 4.57 0.000 * 14,345 16,415 0.000 *

 General 
practitioner

89 3.7 0.85 3.24 17,061 15,295

 Consultant 2,232 91.6 0.17 1.48 8,081 10,136

 Third 29 1.2 0.14 0.70 12,987 9,557

Destination
 Residence 2,270 93.1 0.00 0.01 0.000 * 7,992 9,268 0.000 *

 Other hos-
pital

43 1.8 0.02 0.06 22,500 29,208

 Care home 70 2.9 0.01 0.04 13,628 13,250

 Deceased 52 2.1 10.53 6.46 20,112 21,082

 Others 2 0.1 0.00 0.00 35,221 34,718

Care type
 Medical 339 13.9 0.42 2.27 0.007 ** 7,689 10,312 0.000 **

 Surgery 2,098 86.1 0.20 1.69 8,852 10,909

Intensive care unit
 No 2,225 91.3 0.12 1.15 0.000 ** 7,440 7,790 0.000 **

 Yes 212 8.7 1.37 4.63 21,818 22,927

Geriatric care unit
 No 2,383 97.8 0.21 1.75 0.083 ** 8,571 8,691 0.000 **

 Yes 54 2.2 1.15 2.69 2,383 2,437

Inpatient geriatric liaison
 No 2,346 96.3 0.21 1.77 0.004 ** 8,502 10,744 0.000 **

 Yes 91 3.7 0.61 2.13 13,551 12,008

Readmission <30 days
 0 2,084 85.5 0.27 1.93 0.000 * 7,257 8,409 0.000 *

 1 328 13.5 0.01 0.02 17,641 17,973

 2 25 1.0 0.01 0.00 10,748 9,814

Outcome 
Complications

582 23.9 0.96 3.56 0.000 ** 14,075 16,802 0.000 **

Pressure ulcer (III or IV)
 No 2,433 99.8 0.23 1.79 0.000 ** 8,610 10,222 0.006 **

 Yes 4 0.2 0.32 0.05 57,906 85,813

Iatrogenic pneumothorax
 No 2,437 100.0 0.23 1.79 NA 8,691 10,834 NA

 Yes 0 0.0 0.00 0.00 0 0

Catheter infection
 No 2,372 97.3 0.19 1.67 0.000 ** 8,123 8,783 0.000 **

 Yes 65 2.7 1.66 4.05 29,401 34,089

Perioperative haemorrhage or haematoma
 No 1,955 80.2 0.17 1.52 0.000 ** 7,526 8,772 0.000 **

 Yes 482 19.8 0.47 2.59 13,414 15,935

Postoperative physiologic and metabolic derangement
 No 2,375 97.5 0.16 1.38 0.000 ** 8,222 9,125 0.000 **

 Yes 62 2.5 2.95 6.77 26,646 33,320



Page 8 of 19Rondelet et al. BMC Health Services Research          (2024) 24:109 

Impact of DALYs
We registered a total of 560.51 DALYs for these inpatients 
in the 17 hospitals in our study (Table  4). Deaths alone 
accounted for over 547.6 DALYs (YLLs) (Table  5). The 
mean number (SD) of DALYs per hospitalized patient 
was 0.23 (1.79) (Table  4). The mean number of DALYs 
was significantly different between the three HCUP 
codes: atherosclerosis (0.13 ± 1.34), prosthetic complica-
tions (0.21 ± 1.51), and gangrene (1.10 ± 3.92) (Table  4). 
Neither age nor sex influenced the average DALY calcula-
tion in our study (Table 4).

The mean number of DALYs increased (p < 0.001) from 
0.45 ± 0.76 to 0.63 ± 3.22 for a Charlson index from 0 to 5. 
It rose gradually (p < 0.001) from 0.00 ± 0.00 to 4.98 ± 7.70 
for a 1-minor severity index compared to a 4-extreme 
severity index (Table  4). We measured the same type 
of change (p < 0.001) in mean DALYs (DS) calculated 
for inpatients with a mortality prediction index from 
1-minor (0.01 ± 0.44) to 4-extreme (5.89 ± 7.55) (Table 4).

As shown in Table  4, the average number of DALYs 
was higher for patients admitted via the emergency 
department (1.09 ± 3.96; p < 0.001), presenting on their 
own initiative (1.17 ± 4.57; p < 0.0001), with hospitaliza-
tion in intensive care (1.37 ± 4.63; p < 0.001), or benefit-
ing from a geriatric liaison (0.61 ± 3.96; p < 0.01).

Mean DALYs associated with complications
The mean number (SD) of DALYs per patient hospital-
ized for complications (n = 582) was calculated to be 

0.96 (3.56), which was significantly higher (p < 0.001) 
than that for conventional hospitalization (Table 4).

The mean DALYs associated with complications 
were significantly increased for the treatment of pres-
sure ulcers (0.23 ± 1.79 vs. 0.32 ± 0.05; p < 0.0001), 
catheter-related bloodstream infections (1.66 ± 4.05 
vs. 0.19 ± 1.67; p < 0.001), bleeding and haemato-
mas (0.47 ± 2.59 vs. 0.17 ± 1.52; p < 0.001), physi-
ological and/or metabolic disorders (2.95 ± 6.77 vs. 
0.16 ± 1.38; p < 0.0001), respiratory failure (10.38 ± 9.00 
vs. 0.15 ± 1.31; p < 0.001), deep vein thrombosis or pul-
monary embolism (4.17 ± 8.16 vs. 0.22 ± 1.76; p < 0.001), 
and sepsis (3.93 ± 6.32 vs. 0.21 ± 1.71; p < 0.001); the 
death of a patient most significantly increased the mean 
DALY (SD) of the stay, which rose from 0.00 (0.02) to 
10.53 (6.46) (p < 0.001) (Table 4).

Benchmarking
Process and result indicators
In this study, the activity level varied significantly in the 
17 hospitals studied: Between 23 cases treated in centre 2 
and 336 stays in hospital 6. Five centres (1, 5, 6, 7, and 9) 
treated more than 50% of the patients (Table 5).

Hospitals 2 (n = 23) and 15 (n = 48) were the two insti-
tutions with the least activity and reported the highest 
percentage of stays for urgently admitted patients (35.3% 
and 29.7%) (Table 5).

Table 4 (continued)

Dimensions n % DALYs Cost (€)

Mean SD p Mean SD p

Postoperative respiratory failure
 No 2,417 99.2 0.15 1.31 0.000 ** 8,339 9,463 0.000 **

 Yes 20 0.8 10.38 9.00 51,199 41,742

Perioperative pulmonary embolism or deep venous thrombosis
 No 2,433 99.8 0.22 1.76 0.000 ** 8,667 10,809 0.024 **

 Yes 4 0.2 4.17 8.16 23,272 17,311

Sepsis
 No 2,424 99.5 0.21 1.71 0.000 ** 8,504 10,081 0.000 **

 Yes 13 0.5 3.93 6.32 43,499 44,548

Transfusion reaction
 No 2,437 100.0 0.23 1.79 NA 8,691 10,834 NA

 Yes 0 0.0 0.00 0.00 0 0

Death
 No 2,385 97.9 0.00 0.02 0.000 ** 8,442 10,369 0.000 **

 Yes 52 2.1 10.53 6.46 20,112 21,082

HCUP Healthcare Cost and Utilization Project, ED Emergency department, DALYs Disability-Adjusted Life Years, DS Deviation standard

* Kruskal‒Wallis test

** Mann‒Whitney test
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The mean Charlson index (SD) ranged from 2.0 (1.2) 
(centre 4) to 3.5 (1.9) (hospital 2) and showed a homoge-
neous distribution (Table 5).

The mean length (SD) of stay varied from 3.7 (3.9) days 
for hospital 3 to 17.9 (23.7) days for hospital 2 (centre 
treating the fewest patients) (Table 2).

Admissions to intensive care differed from one hospital 
to another: from 0% of stays for hospital 2 to 29% of stays 
for hospital 14. Two centres (14 and 15) admitted more 
than 20% of inpatients to the ICU.

In six hospitals (1, 3, 6, 9, 10 and 11), there were fewer 
than 1% stays in the geriatrics department.

The comparison also showed variability in intrahospital 
geriatric contact: There was no recourse for hospitals 2, 
4, 8, 12, 15, and 17 and for up to 17.4% of patients in cen-
tre 5 (Table 5).

The all-complication rate fluctuated from 8.91% (hos-
pital 11) to approximately 40% (hospitals 10 and 15) 
(Table  5). Finally, readmission rates were high in some 
hospitals, such as hospitals 2, 7, and 12, which reported 
26%, 23%, and 20% of new stays within 30  days of dis-
charge, respectively (Table 5).

Hospitals 11 and 13 were responsible for 20% and 25% 
of the total mortality, respectively (Table 5).

Table  4 illustrates the DALYs, and hospital costs 
reported in the 17 hospitals for the management of PAD 
in 2018. The average DALYs (SD) varied from 0.003 
(0.005) in hospitals 12 and 17 to 1.060 (5.599) for hospi-
tal centre 15 (Table 5). Hospital 10 had the highest num-
ber of DALYs (100.7). Four hospitals (5, 7, 10, and 11) 
reported more than 272 DALYs, covering 48.8% of inpa-
tients. Hospital 11 had the highest average number of 
DALYs (YLDs + YLLs) per inpatient and total costs.

The average costs (SD) of a classic hospitalization per 
patient varied from €5,201 (€6,507) to €10,289 (€10,177), 
and those of a readmission ranged from €10,683 (€5,295) 
to €27,803 (€28,358) (Table 5).

Data adjustment according to hospital profile
A stepwise linear regression was performed to determine 
the impact of our predictors (see statistical analyses) on 
the hospital cost of in-hospital management of peripheral 
arterial pathology; in our model, a positive and signifi-
cant relationship was shown  (R2 = 0.316) (Table 6).

In our model, the independent variables that posi-
tively influenced the logarithm of the cost (Table 6) were 
the HCUP code, age, severity (2-Moderate, 3-Major, 
4-Extreme), Charlson index (2, 3, 4, and 5), admissions 
via the emergency department, transfer to another hos-
pital, death, and admission to intensive care. However, 
patient death and age showed a significant but negative 
relationship with the total cost (Table 6).

When the DALY was the dependent variable, the linear 
regression obtained an  R2 = 0.579 (Table  7). For DALYs, 
the variables objectified as significant were the HCUP 
code, severity (2-moderate, 3-major, 4-extreme), Charl-
son index 5, admissions via the emergency department, 
death, referral by another medical specialist, admission 
to intensive care and a predicted mortality index score of 
4-extreme. However, referral by another medical special-
ist showed a significant but negative relationship with the 
total DALY (Table 7).

Table 7 shows the ratios obtained from our regression 
model for costs and DALYs. The ratios per hospital were 
calculated by dividing the mean observed value by the 
mean value predicted from the regression model. When 
the ratio was greater than 1, the observed value was 
greater than the value predicted by our model.

To identify hospitals more easily with higher observed 
ratios than predicted, we have translated these data into 
a four-zone graph. The upper right area shows hospitals 
with higher than predicted costs and DALYs. The bottom 
left area depicts hospitals with costs and DALYs lower 
than the calculated forecast (Fig. 1).

Hospitals 1, 3, 4, 6, 11, and 16 seemed to have higher 
costs and DALYs than the values   predicted in our model 
(Table 8 and Fig. 1). The difference between the average 
cost observed and the average cost predicted for hospital 
4 was €534 for a normal stay and €1,595 for a readmis-
sion. With 71 stays including 11 readmissions, the addi-
tional hospital cost therefore amounted to €49,585. We 
observed lower values   than those calculated in our model 
for costs and DALYs in hospitals 2, 8, 9, and 10 alone. The 
costs observed for hospitals 12 and 17 were lower than 
those in our model. Hospitals 5, 7, 13, and 15 reported 
lower DALYs than those calculated in our model. The 
total observed costs were 2% lower than the predicted 
total costs.

Discussion
The objective of our study was to carry out an evaluation-
comparison of costs-DALY in the management of PAD 
in 17 Belgian general and university hospitals. To assess 
facilities, we identified hospital costs as well as the impact 
of DALYs on managing PAD in hospitals.

PAD is the third leading cause of atherosclerotic vas-
cular disease. Globally, in 2010, more than 200 million 
people suffered from this condition, but its incidence has 
increased by 23.5% over the past ten years [24]. In a study 
using the US Administrative Database, the prevalence of 
PAD ranged from 3 to 4% in middle-aged adults and from 
13 to 14% in older adults [25]. Disability and mortality 
associated with PAD have increased significantly over 
the past twenty years [4]. There is also evidence that the 
economic costs of hospitalization for PAD have become 
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Table 6 Result of cost stepwise linear regression

a Dependent variable: LN_cost

Model Summary

Model R R2 Adjusted  R2 Standard error of the 
estimate

15 0.5630 0.3160 0.3120 0.6148

Coefficientsa

Model Unstandardized coefficients Standardized 
coefficients

B Standard error Bêta t p

15 (Constant) 8.388 0.052 160.209 0.000

HCUP code 0.113 0.023 0.093 4.979 0.000

Age -0.045 0.012 -0.066 -3.654 0.000

Severity 2—Moderate 0.122 0.030 0.082 4.109 0.000

3—Major 0.471 0.048 0.206 9.863 0.000

4—Extreme 0.970 0.096 0.203 10.131 0.000

Charlson index 2 0.115 0.034 0.072 3.377 0.001

3 0.182 0.039 0.099 4.637 0.000

4 0.144 0.049 0.060 2.960 0.003

5 0.179 0.049 0.081 3.679 0.000

Admission type Emergency via ED 0.256 0.048 0.096 5.353 0.000

Destination Other hospital 0.335 0.098 0.059 3.421 0.001

Deceased -0.206 0.096 -0.040 -2.134 0.033

Unit of care Intensive care unit 0.773 0.047 0.294 16.556 0.000

Inpatient geriatric liaison 0.290 0.069 0.074 4.223 0.000

Risk of mortality 2—Moderate 0.071 0.032 0.044 2.247 0.025

Table 7 Result of DALY stepwise linear regression

a Dependent Variable: LN_DALY

Model Summary

Model R R2 Adjusted R 2 Standard error of the 
estimate

10 0.7610 0.5791 0.5774 1.0620

Coefficientsa

Model Unstandardized coefficients Standardized 
coefficients

B Standard error Bêta t p

10 (Constant) -6.422 0.053 -121.877 0.000

HCUP code 0.075 0.038 0.028 1.962 0.050

Severity 2—Moderate 0.260 0.048 0.079 5.405 0.000

3—Major 0.676 0.079 0.134 8.557 0.000

4—Extreme 0.651 0.224 0.062 2.905 0.004

Charlson index 5 0.134 0.068 0.028 1.963 0.050

Admission type Emergency via ED 0.214 0.084 0.036 2.542 0.011

Destination Decessed 7.273 0.169 0.644 42.995 0.000

Adressage Consultant -0.515 0.193 -0.036 -2.663 0.008

Unit of care Intensive care unit 0.630 0.081 0.109 7.825 0.000

Risk of mortality 4—Extreme 0.593 0.257 0.049 2.311 0.021
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equivalent to or even higher than those for coronary 
heart disease or cerebrovascular disease, which require 
major cardiovascular interventions [26].

In the absence of publication of good practice recom-
mendations in Belgium, we relied on the literature and 
the availability of medico-administrative data to identify 
specific indicators of PAD.

The male (M)/female (F) ratio in the patients included 
in our study was M-67%/F-33% and comparable to that 
reported in the literature [27–29]. Numerous clinical 
studies demonstrate strong associations between sex, 
severity, and progression of PAD. Contrary to popular 
belief, PAD is not significantly more common in men 
when defined by the arm-ankle index [2]. However, 
patients are less likely to receive preventive statin therapy 
as recommended [30] and are more likely to present at 
older ages with a more severe clinical diagnosis of chronic 
limb-threatening ischaemia [31]. Women with PAD have 
a higher risk profile and resource use [32], as evidenced 
by a higher rate of urgent hospitalization [33], longer in-
hospital length of stay [32], higher rates of short-term 
postoperative complications [34, 35] and higher mortality 
[36]. Finally, female patients with symptomatic PAD tend 
to report greater disability than males [37].

Fig. 1 Graphic of observed cost/predicted cost vs. observed DALY/predicted DALY from linear regression among 17 Belgian hospitals. This graph 
identifies the position of hospitals regarding their performance in terms of costs and DALYs. A bubble represents a hospital and is based on the data 
from Table 6. Hospitals with a red colour suggest that both variables are unfavourable, hospitals with a green colour suggest that both variables are 
favourable and hospitals with an orange colour suggest that one of the two variables of the hospital is favourable. DALY, disability-adjusted life year

Table 8 Results of observed cost/predicted cost and observed 
DALYs/predicted DALYs from linear regression for 17 hospitals

DALYs Disability-adjusted life years

Hospitals Observed/predicted cost Observed/
predicted 
DALYs

1 1.004 0.961

2 0.964 0.973

3 1.001 0.981

4 1.017 0.996

5 1.012 1.047

6 1.005 1.004

7 1.008 1.021

8 0.976 1.001

9 0.995 1.024

10 0.990 1.023

11 1.000 0.938

12 1.000 0.981

13 1.002 1.019

14 0.991 1.048

15 1.008 1.012

16 1.006 0.994

17 0.976 0.943
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The mean age (SD) of patients in our population was 
68.5 (10.9  years), which was comparable to recently 
published values [29, 38]. Authors have shown the 
impact of patients’ functional status on the results of 
lower limb revascularization for critical ischaemia in 
the elderly [39]: dependent patients were older than 
nondependent patients and had a more extensive cardi-
ovascular and metabolic history, resulting in morbidity, 
30-day mortality and a significantly higher cost for their 
management [39].

Until now, advances in vascular surgery and geriatrics 
have developed largely independently of each other, and 
there is – unlike orthogeriatric medicine – virtually no 
overlap in daily clinical practice. However, in an inter-
disciplinary setting, geriatric concepts could be helpful 
in therapeutic decision-making and prognosis in vas-
cular surgery, especially for patients older than 85 years 
[40, 41]. Although geriatric patients represented only 6% 
of the total stays in our study, the admission of a patient 
to a geriatric unit reduced the average cost (SD) of care 
from €8,571 (€8,691) to €2,383 (€2,437), while that of 
hospitalization in vascular surgery with a geriatric con-
nection was €13,551 (€12,008). It should be noted, how-
ever, that a study in twenty-one regions around the world 
showed that the burden of PAD was no longer limited 
to the elderly population but now affected young adults; 
this observation will inevitably have significant financial 
repercussions [4].

In our work, we calculated that, depending on the hos-
pital, the average cost (DS) of a classic hospitalization 
varied from €5,201 (€6,507) to €10,289 (€10,177) and 
that of a readmission fluctuated from €10,683 (€5,295) 
to €27,803 (€28,358); these amounts seem consistent 
with the reported figures [38, 42–44]. Nevertheless, a 
review of the literature reveals significant differences in 
the costs calculated for the management of peripheral 
arterial pathologies around the world [45]. These differ-
ences may be partly explained by the methodology of 
the studies and partly by the models of organization of 
care in the different countries [38, 42–44].

Moreover, for a decade, the costs related to the man-
agement of peripheral arterial disease have significantly 
increased and have been largely influenced by the grow-
ing global number of patients with PAD, the degree of 
severity of the vascular disease and the endovascular 
or surgical techniques used [46]. Thus, in a recent Aus-
tralian study, the average cost per admission for the 
endovascular revascularization group was AUD$18,396 
(= €12,038), that of open surgery AUD$31,908 
(= €20,880) and that of the amputation group adults 
AUD$43,033 (= €28,161) [43].

High costs could quickly become a factor limiting 
access to adequate care, as suggested by a study showing 

that most patients with critical limb ischaemia are no 
longer financially adequately covered by current Medi-
care reimbursement after open bypass surgery [38].

As we have shown in a previous study, the weighting 
of complications and the adjustment of the results to the 
case mix index are essential for discriminating between 
hospitals [11, 47]. The calculation of DALYs considers the 
YLLs through mortality and disability because of medical 
complications on the daily life of patients. For this rea-
son, in-hospital age-specific mortality is the most impor-
tant indicator, particularly when a young patient is lost. 
Here, we measured a mortality rate of 2% in the 17 hospi-
tals studied, equivalent to the measurements reported in 
the relevant literature [48].

The cost-DALY impact of readmissions is not negligible 
for some hospitals and should be considered when evalu-
ating hospital performance. The average duration (SD) 
of stay was 6.6  days (11.4  days), which was comparable 
[49] to or lower than the values reported in the literature, 
namely, 11.1 days (10.1 days) [46] or 15.7 days (12 days) 
[29]. Nevertheless, we must point out that our figures are 
probably slightly underestimated since they cover both 
surgical (86%) and medical (14%) care and exclude data 
related to rehabilitation care. In this study, we did not 
analyse the data from the rehabilitation services to allow 
a reliable comparison given that this type of service is not 
found in all the benchmarked hospitals.

In patients undergoing lower extremity bypass sur-
gery, length of stay is primarily associated with the 
occurrence of postoperative complications [50], while 
readmission at 30  days is largely explained by the 
patient’s underlying disease [51–54]. In addition, pro-
longing the length of stay is an independent risk fac-
tor for readmissions. Our results therefore suggest that 
efforts to reduce both length of stay and readmission 
will be complementary.

In our study, the readmission rate was 14%, compara-
ble to that in the literature [52]. Gonzalez and colleagues 
[53] showed that readmission rates varied considerably 
depending on the indication: 7.3% (intermittent claudica-
tion) versus 19.5% (high risk). However, the literature sug-
gests adjusting the length of stay and 30-day readmission 
rates based on risk [51]. To this end, our study demon-
strated that even after adjusting for patient demograph-
ics, length of stay, and discharge destination, high-risk 
patients were significantly more likely to be readmitted. 
We also showed that the proportion of high-risk patients 
identified by the Charlson index was related to the read-
mission rate by institution  (R2 = 0.3106; p < 0.05).

The DALYs therefore allowed us to weight the com-
plications encountered during the stays, consider-
ing that they do not all have the same impact on the 
patient’s outcome. To develop the patient safety 
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indicators, we used the construction methodology of 
the AHRQ, V.5.0 [14], which does not include dehis-
cence and infection of operative wounds in vascular 
surgery. The objectified complication rate in the 17 
hospitals was 24% and within the range of the figures 
presented in the literature [42]. Among these compli-
cations, surgical site infection is reported as the most 
common cause of readmission, followed by bleeding/
haemorrhage or haematoma [52]. In terms of outcome 
indicators, bleeding/haemorrhages or haematomas 
had a higher frequency in our study (20%) than in the 
recent literature (5.8% to 6.8%) [54]; this observation 
can potentially be explained by the systematic report-
ing of postoperative haematoma described in the let-
ters of stay or the operating protocols. Belgian funding 
rules may indeed encourage some hospitals to over- or 
underscore certain information to optimize their fund-
ing [55]. The DALY weighting used for this complica-
tion moderates the magnitude of its frequency.

Our article therefore highlights the interest of combin-
ing costs and quality indicators to assess the performance 
of hospitals. The weighting of medical complications and 
the adjustment of our analysis according to the hospital 
case mix index illustrated the waste encountered to opti-
mize the wealth available. Policy makers should reward 
the appropriateness of care rather than the amount of 
treatment provided.

The literature reports a significant improvement in 
the results of patient care if the principle of evidence-
based medicine is introduced and applied during care 
for a pathology [7, 8, 56–58], particularly when provider 
comparison of structural, process, and outcome indica-
tors is used to improve team performance and patient 
outcome [7, 8]. However, this approach also requires 
the involvement of the patient through the evaluation of 
their satisfaction. A recently published review focused 
on patient-reported outcome measures (PROMS) for 
arterial vascular surgery [59]. The authors identified a 
lack of awareness of existing PROMS, knowledge of how 
PROMS are developed and validated, and clarity on how 
PROMS should be used by the clinician in the field [59].

Furthermore, being treated for PAD in a certified hospi-
tal and by a team with significant exposure to the pathol-
ogy provides better results at lower costs. This may be 
due to the greater use of treatments aimed at preserving 
limb function [60, 61]. The two hospitals with the small-
est number of patients had the longest length of stay, 
treated the most emergency patients, did not use liaison 
geriatrics, and had a higher number of readmissions.

In the absence of a systematic comparative analy-
sis, such as benchmarking, Belgian hospital manag-
ers and healthcare providers are not able to assess the 
quality and efficiency of their procedures in the overall 

management of a particular pathology. For this rea-
son, our study proposes a benchmark that reflects the 
organization of hospitals without any application of 
guidelines and before weighting the results of the care 
provided [62, 63]. We believe that the use of the DALY 
is a good approach to evaluate the results of care path-
ways in hospitals, translating adverse events into a val-
uable common unit of comparison in the field of care 
quality management.

Combined with PROMS, the automatic availability 
of our methodology in the daily life of healthcare actors 
could be a concrete approach to translate "the added 
value" brought to patients and society for each care 
approach.

Our multidimensional reporting (regression, Donabe-
dien model) first identifies the best performing hospitals 
in terms of cost and patient safety. It then gives actors in 
the field the opportunity to identify the elements of the 
most impactful care processes, compared to other estab-
lishments, for the same pathology.

After having identified and prioritized the indicators 
that justify the position of their institutions in relation 
to others, the managers of the establishments can then 
mobilize the most appropriate actors (managers, doctors, 
nurses, pharmacists, financial analysts, etc.) to set objec-
tives consistent during medico-economic meetings and 
activate the levers of positive change in hospitals.

Finally, due to the limited availability of financial 
resources, prevention should be a primary goal in the man-
agement of PAD. The assessment of overall cardiovascular 
risk and the presence of related factors are the foundations 
of preventive vascular medicine. However, educational 
factors such as dietary habits and physical activity levels 
must also be considered. For secondary prevention, people 
at very high risk should be more systematically identified 
to benefit from more intensive medical treatment.

This approach must therefore be a prioritized societal and 
individual objective. Nevertheless, risk assessment remains 
an inexact science, and although it may be useful for assess-
ing risk in populations of subjects, application to the indi-
vidual patient is still too limited. However, new emerging 
methods for integrating sociodemographic, genetic, clini-
cal, and lifestyle measures will hopefully improve the accu-
racy of risk prediction for each patient [64].

This study has some limitations. The impact of DALYs 
was probably greater than what we estimated in our study. 
Indeed, the scope of the study was limited to the hospital 
environment, neglecting all the complications treated in 
consultation or by other nonhospital care providers. Fur-
thermore, it seems essential to refine the key weightings to 
improve the quality of the comparisons. As we only had data 
from 2018 from hospitals participating in the PACHA pro-
ject, we were unable to identify the following readmissions:
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– those occurring within 30 days for stays where the per-
son was admitted to hospital after December 2, 2018.

– hospitalized patients who may have been admitted to 
a different establishment at the beginning.

Unfortunately, neither the ICD-10-PCS coding system 
nor the Belgian nomenclature fully distinguished the sur-
gical approaches used in this study.

Conclusions
Assessing the value of patient safety indicators associ-
ated with costs is a prerequisite for quality-improvement 
and financial-efficiency efforts made by managers and 
practitioners.

However, access to benchmarking to assess the costs 
of hospital care must be refined and integrated into the 
steps put in place to improve the quality of care provided 
by hospitals. This appears to be essential for evaluating all 
care pathways using a comparable unit of measurement.

The case mix index of the hospital must also be con-
sidered in the comparative analysis at the risk of drawing 
erroneous conclusions.

Finally, other indicators should be added to our study, 
including patient evaluation of the results obtained (PROMS).

The education of practitioners and other hospital and 
extrahospital actors will be a crucial step in the deploy-
ment of the method.

Faced with the growing demand in the field of medico-eco-
nomic tools, we believe that our approach may open a new 
door facilitating different management of available resources.

Population increase and ageing will sooner or later 
impose this type of approach for the proper use of com-
mon resources to guarantee the provision of medical care 
of equivalent quality to all patients.
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