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ORIGINAL ARTICLE

Adverse events: an expensive and avoidable hospital problem

Diego San Jose-Sarasa,b , Jos�e L. Valencia-Mart�ınc,d , Jorge Vicente-Guijarroa,e ,
Paloma Moreno-Nuneza,e , Alberto Pardo-Hern�andezf,g and Jes�us M. Aranaz-Andresa,e,h

aServicio de Medicina Preventiva y Salud P�ublica, Hospital Universitario Ram�on y Cajal, IRYCIS, Madrid, Spain; bUniversidad de Alcal�a,
Facultad de Medicina y Ciencias de la Salud, Departamento de Biolog�ıa de Sistemas, Alcal�a de Henares, Spain; cUnidad de Medicina
Preventiva y Salud P�ublica, Hospital Universitario Virgen del Roc�ıo, Sevilla, Spain; dDepartamento de Medicina Preventiva y Salud
P�ublica, Universidad de Sevilla, Sevilla, Spain; eFacultad de Ciencias de la Salud, Universidad Internacional de La Rioja, Logro~no,
Spain; fSubdirecci�on General de Calidad Asistencial, Consejer�ıa de Sanidad, Comunidad de Madrid, Madrid, Spain; gDepartamento de
Especialidades M�edicas y Salud P�ublica, Universidad Rey Juan Carlos, Madrid, Spain; hCentro de Investigaci�on Biom�edica en Red de
Epidemiolog�ıa y Salud P�ublica (CIBERESP), Instituto de de Salud Carlos III, Madrid, Spain

ABSTRACT
Introduction: Adverse healthcare-related events (AE) entail reduced patient safety. Estimating
their frequency, characteristics, avoidability and impact is a means to identify targets for
improvement in the quality of care.
Methods: This was a descriptive observational study conducted within the Patient Safety
Incident Study in Hospitals in the Community of Madrid (ESHMAD). The study was conducted in
a high-complexity hospital in May 2019 through a two-phase electronic medical record review:
(1) AE screening and epidemiological and clinical data collection and (2) AE review and classifi-
cation and analysis of their impact, avoidability, and associated costs.
Results: A total of 636 patients were studied. The prevalence of AE was 12.4%. Death during
the stay was associated with the presence of AE (OR [CI95%]: 2.15 [1.07 to 4.52]) versus absence
and emergency admission (OR [CI95%]: 17.11[6.63 to 46.26]) versus scheduled. A total of 70.2%
of the AEs were avoidable. Avoidable AEs were associated with the presence of pressure ulcers
(OR [CI95%]: 2.77 [1.39 to 5.51]), central venous catheter (OR [CI95%]: 2.58 [1.33 to 5.00]) and
impaired mobility (OR [CI95%]: 2.24[1.35 to 3.71]), versus absences. They were associated too
with the stays in the intensive care unit (OR [CI95%]: 2.75 [1.07 to 7.06]) versus medical service.
AEs were responsible for additional costs of e909,716.8 for extra days of stay and e12,461.9 per
patient with AE.
Conclusions: The prevalence of AEs was similar to that found in other studies. AEs led to worse
patient outcomes and were associated with the patient’s death. Although avoidable AEs were
less severe, their higher frequency produced a greater impact on the patient and health-
care system.

KEY MESSAGES

1. Adverse events are one of the main problems in healthcare delivery and patients who suf-
fer from at least one AE are double as likely to die during hospitalization.

2. Avoidable adverse events are the most frequent in health care and they are a good target
where achieve improvement areas that allow getting optimal patient safety and quality of
care levels.

3. Patients hospitalized in the ICU, with the previous presence of pressure ulcers, central ven-
ous catheter, or impaired mobility were associated with the development of avoidable AE,
so optimal management of these patients would reduce the impact of AE.
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Introduction

The Conceptual Framework for the International

Classification for Patient Safety, published in 2009 by

the World Health Organization (WHO), defines adverse

healthcare-related events (AE) as incidents that occur

during medical care and harm a patient, producing an
injury, suffering, disability, or death [1]. They are
among the main hospital care problems [2], compro-
mising the optimal quality of care and causing an
unnecessary increase in mortality and healthcare costs
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[3]. AEs may be the third leading cause of death in
the United States [4]. AEs are one of the areas for
improvement within the field of Patient Safety. Due to
their importance, the realization of policies aimed at
combating AEs and promoting the culture of safety
are strategies that allow mitigation of their impact [5].

The first step to achieving it is to measure the fre-
quency of AEs to know the magnitude of the problem.
To this end, Brennan et al.’s (Harvard Medical Practical
Study [HMPS], 1991) methodology [6] is the most
widely used, replicated, and validated, allowing high
comparability [7] and generating a body of scientific
evidence. According to the studies conducted with
this methodology, the incidence of AEs ranges from
3.7 to 37%, half of them avoidable [8–13]. Subsequent
works have estimated a prevalence of 11% [13]. The
high frequency and the impact of AEs prompted the
publication of the To Err is Human [14] report in 2000
and the development of numerous medical error pre-
vention programmes [15,16].

Avoidable AEs are particularly significant, as they
are associated with the patient’s death at the end of
the hospitalization [17]. Avoidability ranges from 30 to
84% [18] of AE, meaning there is intrinsic potential for
developing measures for improvement [19,20], and
studying these AEs is an efficient means to improve
the quality of care.

Although numerous studies have been made
focused on AEs, there’s a lack of evidence of the risk
factors related to avoidable AEs. Also, very few works
have analysed the relationship between AEs and the
patient’s death. Under this premise, this study, which
was included in the Patient Safety Incident Study in
Hospitals in the Community of Madrid (ESHMAD)
[21,22], arises intending to analyze in a pioneering
way the factors related to avoidable AEs. Other objec-
tives were to measure the prevalence of AEs, their
association with patients’ death during hospitalization,
and the economic cost of AEs in a high-complexity
hospital. With this, it is intended to improve know-
ledge of AEs and find potential areas for improvement
in Patient Safety.

Materials and methods

Design and sample selection

This was a cross-sectional, descriptive, observational
study. All patients hospitalized in a high-complexity
hospital and identified in a cross-section drawn at the
beginning of a day of care in the second week of May
2019 were included. According to the methodology,
patients needed to be hospitalized during the first

phase of the study. Each hospitalization ward was
assigned to a reviewer, in such a way that they had to
perform the cross-sectional cut on one of those days
of the week. Patients admitted within the previous
24 h or in the Emergency Department were excluded.
The study was conducted according to the Brennan
et al. methodology in the Harvard Medical Practice
Study (HMPS) [6], in two phases:

1. AE Screening with the AE Screening Guide, based
on the Screening Review Form by Brennan et al.
[6,23], modified after the ENEAS [12,24], IBEAS
[13], and EPIDEA [25] studies, and adapted for the
simultaneous conducting of the Prevalence of
nosocomial infections in Spain study (EPINE) [26].
The Screening Review Form is validated too with
high sensitivity for the screening of AE, with a
negative predictive value of 99.5% [23].
Epidemiological variables were gathered from all
patients included in the sample. This phase was
performed by healthcare workers.

2. AE checking, classification, and characterization
phase applying the Spanish version of the
Modular Review Form 2 (MRF2) [12,13,24,27]. This
is a validated form that was applied solely to
those screened as positive in the previous phase
and classified as AE (calibrated events) or as false
positives (if no potential or active AEs were
detected at the study time). Furthermore, MRF2
allowed AE to be classified and their impact and
avoidability assessed. Healthcare professionals
with specific training performed a peer review of
all patients included in this phase. The grade of
reliability of this tool estimated in previous studies
was good (kappa ¼ 0.61) [6].

The study was conducted based on a partial sample
of the Patient Safety Incident Study in Hospitals in the
Community of Madrid (ESHMAD) database. The
ESHMAD study wanted to estimate the prevalence of
AEs in 34 public hospitals in the Community of
Madrid [21,22]. ESHMAD database was used also in
another work, which focused on how surgical inter-
ventions could increase the risk of developing an AE
in the surgical patients of the whole sample [28].

Study variables

All variables were gathered based on previous studies
conducted [29], such as age, patient sex, type of hos-
pitalization service (classified as medical speciality, sur-
gical, intensive care unit [ICU], paediatric, and
psychiatry), presence or absence of intrinsic risk factors
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(IRF) (renal failure, cardiovascular disease, neoplasm,
chronic obstructive pulmonary disease, immunodefi-
ciency, neutropenia, cirrhosis of the liver, hypoalbumi-
naemia, pressure ulcers, impaired mobility, sensory
deficits, obesity, and active smoking), presence or
absence of extrinsic risk factors (ERF) (previous sur-
gery, peripheral vascular catheter, central vascular
catheter, urinary intubation), the reason for discharge,
pre-screening stay, and total stay. The Charlson
Comorbidity Index was also calculated to estimate the
degree of comorbidity prior to admission [30].

The type of AE was recorded, and the impact on
the patient was studied by recording the number of
days of stay and the additional treatments adminis-
tered as a result. The severity of AE was classified by
applying the Conceptual Framework for the
International Classification for Patient Safety, published
by WHO in 2009 [1]: ’mild’ for AE that did not affect
management or length of hospitalization; ’moderate’,
leading to readmission or additional days in hospital
and; ’severe’ if the patient required further surgery or
it contributed to permanent disability or death.

The following were also analysed: (1) relationship
between potential AE and health care and (2) degree
of avoidability of the AE. A validated and specific scale
of the MRF2 was applied to both [5,23], (a scale of 1
to 6; being ’10 ’minimal relationship/evidence’, and ’60

an ’almost-certain relationship/evidence’; values �4
were considered positive).

The cost associated with additional days of hospital-
ization derived from AE was estimated, both overall
and broken down according to whether or not AE were
avoidable. For these purposes, the costs attributable to
the additional days of stay for each Care Unit were cal-
culated using monetary equivalents provided by the
hospital’s accounting department for 2019. A specific
monetary equivalence was used for each Care Unit.

Statistical analysis

First, a descriptive and bivariate analysis per patient
was carried out. For this, central (mean and median)
and dispersion measures (standard deviation [s] and
interquartile range [IR]) were used in quantitative vari-
ables, and proportions were estimated for qualitative
variables. For bivariate analysis with hypothesis con-
trast test: in quantitative variables, the Student t or
Mann–Whitney U were used after evaluating their nor-
mal distribution; in qualitative variables, the chi-square
or Fisher test was used according to whether it was
parametric or non-parametric. Values of p< 0.050
were considered statistically significant.

In the second place, variables associated with a
patient’s death were explored through a predictive
multivariate logistic regression analysis. After exploring
association in a bivariate analysis, a backward model-
ling strategy was used with an output p-value of
0.100. To correct the overoptimism of the model,
resampling techniques (Bootstrap) were used, and
goodness of fit was measured with the Hosmer-
Lemeshow test. Charlson index was kept in the model
because it was related to a bad prognosis [30].

After that, records with AE were analysed. A descrip-
tive and bivariate analysis was carried out, stratifying by
the avoidance of the AE. The type of AE, time of appear-
ance of the AE, severity, direct health care derived from
the AE, and modification of stay were analysed. The total
cost of the AEs was estimated from the days of stay
added per care unit. For bivariate analysis with hypoth-
esis contrast test: in quantitative variables, the Student’s
t or Mann–Whitney U tests were used after evaluating
their normal distribution; in qualitative variables, the chi-
square or Fisher test was used according to whether it
was parametric or non-parametric. Again, values of
p< 0.050 were considered statistically significant.

Finally, variables associated with avoidable AE records
were explored through a predictive multivariate logistic
regression analysis. In this model, non-avoidable AE
records were excluded to avoid possible bias. A backward
modelling strategy was used with an output p-value of
0.100. To correct the overoptimism of the models, resam-
pling techniques (Bootstrap) were used, and goodness of
fit was measured with the Hosmer-Lemeshow test.

STATA version 16 software was used for statistical
analysis [31].

Ethics committee

ESHMAD study was approved on 19 March 2019 by
the Ethics Committee of the Hospital Universitario
Ram�on y Cajal (reference 057/19), guaranteeing the
anonymity and custody of the data gathered, which
were transcribed to an anonymized online database,
with security mechanisms and safeguarding of per-
sonal data.

The economical cost of AE was a secondary object-
ive and the cost of each hospitalization day was only
requested in this sample.

Results

Sample characteristics

A total of 636 patients met the inclusion criteria. The
mean age was 66.5 years, and the median age was
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70 years. No relevant differences were found concern-
ing sex. A 66.3% of the admissions were urgent, and
the medical area had the largest number of patients
(46.4%). The mean and median pre-screening stay was
12.5 and 5.0 days, respectively. A 6.3% of patients died
during admission (Table 1).

A 93.1% of the sample presented �1 IRF, the most
frequent of which being cardiovascular disease (in
54.4% of the sample), impaired mobility (37.6%), and
neoplasm (32.7%). A 75.8% of the sample had �1 ERF,
the most frequent being a peripheral venous catheter

(65.3%), followed by the urinary catheter (21.1%) and
the central venous catheter (17.1%) (Table S1 in
Supplementary Material).

Prevalence of AE by study phase

Of the 636 patients included, a positive screening item
was detected in 208 (32.7%). After applying MRF-2
(second phase), 121 AE were identified in 79 patients
(prevalence of AEs patients of 12.4%). Of the rest of
the patients with positive screening, 119 were false-

Table 1. Prevalence of adverse events according to patient and hospital admission characteristics.

Total
Prevalence of patients with AE

n (%) n % (CI 95%) p Value

Age*

Mean (SD) 66.5 (19.9) 71.9 (15.8) 68.3 to 75.4 0.021��
Median (IR) 70 (55 to 82) 75 (61 to 83)

Sex
Woman 305 (48.0) 33 10.8 (7.6 to 14.9) 0.240
Man 331 (52.0) 46 13.9 (10.3 to 18.1)

Type of admitting service
Medical specialities 295 (46.4) 34 11.5 (8.1 to 15.7) <0.001���
Surgical specialities 268 (42.1) 31 11.6 (8.0 to 16.0)
Intensive medicine 36 (5.7) 13 36.1 (20.8 to 53.8)
Psychiatric 19 (3.0) 0 0.0 (0.0 to 17.6)
Paediatrics 18 (2.8) 1 5.6 (0.1 to 27.3)

Hospital stay before screening*

Mean (SD) 12.5 (22.7) 28.0 (43.0) 18.4 to 37.7 <0.001���
Median (IR) 5 (2 to 13) 13 (6 to 32)

Type of admission
Urgent 422 (66.3) 57 13.5 (10.4 to 17.1) 0.244
Scheduled 214 (33.7) 22 10.3 (6.6 to 15.2)

Surgical intervention
No intervention 395 (62.1) 40 10.1 (7.3 to 13.5) 0.025��
Intervention 241 (37.9) 39 16.2 (11.8 to 21.5)

Charlson index
� 1 201 (31.7) 16 8.0 (4.6 to 12.6) 0.065
2 to 3 226 (35.6) 32 14.2 (9.9 to 19.4)
� 4 208 (32.8) 31 14.9 (10.4 to 20.5)

Number of intrinsic risk factors
Absence 44 (6.9) 1 2.3 (0.0 to 12.0) 0.014��
1 98 (15.4) 10 10.2 (5.0 to 18.0)
2 123 (19.3) 10 8.1 (3.9 to 14.4)
� 3 371 (58.3) 58 15.6 (12.1 to 19.7)

Number of extrinsic risk factors
Absence 154 (24.2) 10 6.5 (3.2 to 11.6) <0.001���
1 340 (53.5) 37 10.9 (7.8 to 14.7)
2 104 (16.3) 22 21.1 (13.8 to 30.3)
�3 38 (6.0) 10 26.3 (13.4 to 43.1)

Intrinsic risk factors****

Cardiovascular disease 346 (54.4) 57 16.5 (12.7 to 20.8) <0.001���
Impaired mobility 239 (37.6) 44 18.4 (13.7 to 23.9) <0.001���
Hypoalbuminaemia 201 (31.6) 38 18.9 (13.7 to 25.0) <0.001���
Pressure ulcers 33 (5.2) 13 39.4 (22.9 to 57.9) <0.001���

Extrinsic risk factors****

Peripheral venous catheter 415 (65.3) 60 14.5 (11.2 to 18.2) 0.039��
Urinary catheter 134 (21.1) 28 20.9 (14.3 to 28.8) <0.001���
Central venous catheter 109 (17.1) 22 20.2 (13.1 to 28.9) 0.008��

Death
No 596 (93.7) 67 11.2 (8.8 to 14.1) <0.001���
Yes 40 (6.3) 12 30.0 (16.6 to 46.5)

Total 636 (100.0) 79 12.4 (10.0 to 15.2)

AE: healthcare-related adverse events; SD: standard deviation; IR: interquartile range; CI 95%: 95% confidence interval.
P for percentage difference: using chi-square tests (if parametric test conditions are met) and Fisher’s exact test (non-parametric).
P for quantitative variables: using Mann–Whitney U when normal criteria are not met.�Age and hospital stay before screening are numerical variables. Mean and median are shown. CI 95% estimated is for the mean of patients with AE;��p< 0.05; ���p< 0.001; ����In intrinsic and extrinsic factors, only those that showed association are shown. The supplementary material includes the
analysis of all factors.
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positive (18.7%), eight had no-harm incidents (1.3%),
and two had AE concerning unproven health care
(0.3%). Of the 121 AEs, 83 were classified as avoidable
in 51 patients (8.0% prevalence). Of the remainder, 34
AEs found in 24 patients had non-avoidable AEs
(3.5%), and 4 had non-assessable avoidable AEs
(Figure 1).

Factors associated with AEs

The highest prevalence of AEs was in the ICU (36.1%),
followed by surgical services (11.6%), medical (11.5%),
paediatrics (5.6%), and psychiatry (0.0%; p< 0.001).
When comparing patients with �1 AE versus those
without AE, a greater mean age (71.9 years, compared
with 65.7; p¼ 0.021) and previous stay (28.0 days,
compared with 10.3; p< 0.001) were observed. In
addition, a higher prevalence of AE was detected in
patients undergoing surgery (16.2% versus
10.1%; p¼ 0.025).

The prevalence of AEs increased with the number
of IRF (2.3% for patients without IRF; 10.2% for 1 IRF;
8.1% for 2 IRF; and 15.6% for �3 IRF; p¼ 0.014), with
significant differences for pressure ulcers (39.4% versus

11.0%; p< 0.001), hypoalbuminaemia (18.9% versus
9.5%; p< 0.001), impaired mobility (18.4% versus 8.8%;
p< 0.001), CVA (16.5% prevalence versus 7.5%;
p< 0.001), and sensory deficit (17.5% versus
11.0%; p¼ 0.040).

The gradual increase in ERF meant an increase in
the prevalence of AEs (6.5% for patients without ERF;
10.9% for 1 ERF; 21.1% for 2 ERF; and 26.3% for �3
ERF; p< 0.001), with significant differences for the
presence of urinary catheter (20.9%, versus 12.2%;
p< 0.001), central venous catheter (20.2% versus
10.9%; p¼ 0.008), and peripheral venous catheter
(14.5% versus 8.7%; p¼ 0.039). Additional information
on all the IRF and ERF analysed are provided in Table
S1 in Supplementary Material.

Association between death and AE

Of the 636 patients, 40 died during admission. As a
result, there was a higher prevalence of AEs (30.0%
among deceased patients versus 11.2 in the non-
deceased; p< 0.001) (Table 1).

When adjusted for age, sex, Charlson Index, admis-
sion type, and type of service, urgent admission

Figure 1. Study diagram and results by phase. AE: health care-related adverse events; %: Prevalence data; MRF2: modular review
Form 2.
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entailed a 17.1 increase in the risk of death
(OR[CI95%]: 17.11[6.33 to 46.26] versus scheduled
admission), as well as ICU stay (OR[CI95%]: 5.77[1.74 to
19.15], versus stay in medical speciality), being a man
(OR[CI95%]: 2.16[1.01 to 4.64 versus a woman], the
presence of AE (OR[CI95%]: 2.15[1.07 to 4.52], versus
absence) and age (OR[CI95%]: 1.04[1.01 to 1.07] for
each year of increase) (Table 2).

The goodness of fit of the model was evaluated
with the Hosmer-Lemeshow test, obtaining a value
p¼ 0.109, and no differences were observed between
the findings and what was expected.

Impact and avoidability of AEs

A total of 121 AEs were detected in the 79 patients.
The most frequent type of AE were healthcare-
associated infections (HCAI; 44.6%), complications of a
procedure (24.8%) and complications of care (19.8%).
55.4% of AEs occurred during care on the ward, 61.1%
were moderate or severe, and 99.2% affected subse-
quent health care. In addition, 59.5% of AEs length-
ened the hospital stay or led to readmission, adding a
total of 2,001 days of hospitalization and 206 days of
ICU stay (17.3 and 1.7 days on average, respectively).
The total direct economic cost of extending stays
because of AEs was e909,716.8 and e12,461.9 per
patient with AE.

Avoidability was evaluated in 117 AEs; 83 were
avoidable (70.9%). The most frequent types of avoid-
able AEs were HCAI (42.2% of the total preventable

AE), followed by complications of care (28.9%) and
complications of a procedure (16.9%). The 24 AE
(100.0%) produced by care complications were
considered avoidable. 49.4% of avoidable AEs had a
moderate-severe impact (compared with 85.3% in
non-avoidable; p< 0.001) and 47.0% extended hospital
stay or readmission (compared with 85.3% of non-
avoidable; p< 0.001). The total number of days of hos-
pitalization and ICU stay caused by avoidable AEs
were 1,183 and 151 days, respectively. The direct eco-
nomic costs of avoidable and non-avoidable AEs were
e581,643.0 and e328,083.8, respectively (Table 3).

Adjusting risk factors associated with records with
avoidable AEs in a multivariate model revealed an
association for their development with the previous
presence of pressure ulcers (OR[CI95%]: 2.77 [1.39 to
5.51]), with ICU admission (OR[CI95%]: 2.75 [1.07 to
7.06]), compared with admission to medical speciality,
the central venous catheter (OR[CI95%]: 2.58 [1.33 to
5.00]) and impaired mobility (OR[CI95%]: 2.24 [1.35 to
3.71]), as opposed to their absence. In addition, the
model showed optimal goodness of fit (Hosmer-
Lemeshow Test: p¼ 0.434) (Table 4).

Discussion

A prevalence of AE of 12.4% was detected, the most
frequent of which were HCAI (44.6%). About half had
moderate-severe consequences for patients, and
59.5% led to an extended hospital stay, with an add-
itional 2,093 days of hospitalization and an associated

Table 2. Association between death and detection of AEs.
Total, n (%) Deaths by group, n (%) Odds ratio CI 95% p Value

Adverse event
No 557 (87.6) 28 (5.0) 1.00 NA NA
Yes 79 (12.4) 12 (15.2) 2.15 1.07 to 4.52 0.032��

Age*

One-year increase, mean in sample years (sd) 66.5 (19.9) 77.7 (11.9) 1.04 1.01 to 1.07 0.009��
Sex
Women 305 (48.0) 13 (4.3) 1.00 NA NA
Men 331 (52.0) 27 (8.2) 2.16 1.01 to 4.64 0.049��

Charlson index
� 1 201 (31.7) 7 (3.5) 1.00 NA NA
2 to 3 226 (35.6) 13 (5.8) 0.79 0.23 to 2.81 0.722
� 4 208 (32.8) 20 (9.6) 1.34 0.36 to 5.03 0.664

Type of admission
Scheduled 214 (33.7) 1 (0.5) 1.00 NA NA
Urgent 422 (66.3) 39 (9.2) 17.11 6.33 to 46.26 <0.001���

Type of service
Medical specialities 295 (46.4) 26 (8.8) 1.00
Surgical specialities 268 (42.1) 7 (2.6) 0.64 0.24 to 1.74 0.384
Intensive medicine 36 (5.7) 7 (19.5) 5.77 1.74 to 19.15 0.004��
Paediatrics 19 (3.0) 0 (0.0) NA NA NA
Psychiatry 18 (2.8) 0 (0.0) NA NA NA

Constant 0.00 0.00 to 0.01 <0.001���
CI 95%: 95% confidence interval; p: estimated p-value in logistic regression.
Multivariate analysis by logistic regression of the association between death and AE, adjusted by age, sex, Charlson index, type of income and type
of service.�Age is a numerical variable; ��p< 0.05; ���p< 0.001.
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cost of e909,716.8. In addition, 99.2% of AEs required
additional health care. The gradual increase in IRF and
ERF resulted in a dose-response increase in the preva-
lence of AEs, associated with cardiovascular disease,
hypoalbuminaemia, impaired mobility, and pressure
ulcers in IRF and urinary catheter, peripheral venous
catheter, and central venous catheter in ERF. 30% of
deceased patients had AEs, and overall avoidability
was 70.9%.

First of all, the methodological design is of interest
to give context. As part of the measurement of AEs,
the Brennan et al. study in New York, United States, in
1991 marked the beginning of the development of

studies using the HMPS methodology, allowing com-
parability of results [6]. This study and those per-
formed subsequently by Thomas et al. in Utah and
Colorado in 1992 [8], Wilson et al. in Australia in 1995
[9] and Vincent et al. in the UK in 2001 [10] assessed
the impact of medical errors and AEs from longitu-
dinal designs. Although it establishes causality rela-
tionships and identifies a greater number of AEs, this
methodology consumes more resources and makes it
difficult to assess trends in time. Adapting the HMPS
methodology [6] to a cross-sectional design allows
efficient hospital AEs surveillance. Identifying longer
AEs from a briefer review of the EMR and making it

Table 3. Types of AE and their impact by avoidability.
Avoidability of AE

Total
Not avoidable Avoidable

n (%) n % (CI95%) n % (CI95%) p Value

Types of AE
Healthcare-related infections 53 (45.3) 18 52.9 (35.1 to 70.2) 35 42.2 (31.4 to 53.5) <0.001��
Complications of a procedure 27 (23.1) 13 38.2 (22.2 to 56.4) 14 16.9 (9.5 to 26.7)
Complications in care 24 (20.5) 0 0.0 (0.0 to 10.3) 24 28.9 (19.5 to 39.9)
Adverse effects of medication 8 (6.8) 2 5.9 (0.7 to 19.7) 6 7.2 (2.7 to 15.1)
Other AE 5 (4.3) 1 2.9 (0.1 to 15.3) 4 4.8 (1.3 to 11.9)

The time of health care at which the AE occurred
Before admission 22 (18.8) 8 23.5 (10.7 to 41.2) 14 16.9 (9.5 to 26.7) 0.916
During admission 2 (1.7) 0 0.0 (0.0 to 10.3) 2 2.4 (0.3 to 8.4)
During a procedure 12 (10.3) 4 11.8 (3.3 to 27.5) 8 9.6 (4.3 to 18.1)
After the procedure 13 (11.1) 4 11.8 (3.3 to 27.5) 9 10.8 (5.1 to 19.6)
On the ward 66 (56.4) 18 52.9 (35.1 to 70.2) 48 57.8 (46.5 to 68.6)
At the end of admission 2 (1.7) 0 0.0 (0.0 to 10.3) 2 2.4 (0.3 to 8.4)

Severity
Mild 47 (40.2) 5 14.7 (4.9 to 31.1) 42 50.6 (39.4 to 61.8) <0.001��
Moderate 36 (30.8) 18 52.9 (35.1 to 70.2) 18 21.7 (13.4 to 32.1)
Severe 34 (29.1) 11 32.4 (17.4 to 50.5) 23 27.7 (18.4 to 38.6)

Additional assistance as a result of the AE
Healthcare was not affected 1 (0.9) 0 0.0 (0.0 to 10.3) 1 1.2 (0.0 to 6.5) 0.793
It required only additional observation 4 (3.4) 2 5.9 (0.7 to 19.7) 2 2.4 (0.3 to 8.4)
Only required one additional test 2 (1.7) 1 2.9 (0.1 to 15.3) 1 1.2 (0.0 to 6.5)
Medical treatment or rehabilitation 75 (64.1) 20 58.8 (40.7 to 75.4) 55 66.3 (55.1 to 76.3)
Additional surgical intervention 22 (18.8) 7 20.6 (8.7 to 37.9) 15 18.1 (10.5 to 28.0)
Life support intervention or treatment 13 (11.1) 4 11.8 (3.3 to 27.5) 9 10.8 (5.1 to 19.6)

Affect of AE on stay
It did not lengthen the stay 48 (41.0) 5 14.7 (4.9 to 31.1) 43 51.8 (40.6 to 62.9) <0.001��
Part of the stay 48 (41.0) 23 67.7 (49.5 to 82.6) 25 30.1 (20.5 to 41.8)
Cause of re-admission 20 (17.1) 6 17.7 (6.8 to 34.5) 14 16.9 (9.5 to 26.7)
Unknown 1 (0.9) 0 0.0 (0.0 to 10.3) 1 1.2 (0.0 to 6.5)

Additional days of hospitalization caused by Aes
Mean (SD) 17.3 (40.8) 24.1 (54.8) 4.92 to 43.2 14.5 (34.4) 6.9 to 22.0
Median (IR) 4 (0 to 19) 15 (2 to 20) 0 (0 to 12) 0.002�
Average daily economic cost per AE e268.9 / day e257.9 /day e273.4 /day
Total (Days) 2,001 818 1,183
Total economic cost e 558,326.8 e 227,103.8 e 331,223.0

Additional days of ICU stay caused by AEs
Mean (SD) 1.7 (5.7) 1.6 (4.5) 0.1 to 3.2 1.8 (6.3) 0.5 to 3.2
Median (IR) 0 (0 to 0) 0 (0 to 0) 0 (0 to 0) 0.952
Average daily economic cost per AE e1,712 /day e1,841.6 /day e1,658.5 /day
Total (Days) 206 55 151
Total economic cost e 351,390.0 e 100,980.0 e 250,410.0

Total 117 (100)*** 34 29.1 (21.0 to 38.2) 83 70.9 (61.8 to 79.0)

AE: healthcare-related adverse events; SD: standard deviation; IR: interquartile range.
P for percentage difference: Chi2 (if parametric test conditions are met) and Fisher’s exact test (non-parametric).
P for quantitative variables: using Mann–Whitney U when normal criteria are not met.�p< 0.05; ��p< 0.001; ���4 AE of unknown avoidable nature are excluded.
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possible to compare the results of the Hospital in
cross-sectional sections performed at different
times [32,33].

The estimated frequency of AEs in other studies
ranges from 3% of Brennan et al. [6] and Thomas
et al. [8] – who only analysed episodes to find one AE
per patient – to 34.0% of Larsen et al. in paediatric
ICUs in 2007 [34]. Later, in Spain, in 2005, the ENEAS
study detected an incidence of AEs of 9.3% and was
the first to analyse the total AEs per episode [12]. In a
meta-analysis by Schwendimann et al. in 2018 [35],
the frequency of AEs was 10.0%, and the most fre-
quent type of AE was complications of a procedure,
followed by adverse drug effects and HCAI. This differ-
ence in the most frequent types of AEs detected in
our study is explained for two reasons. On the one
hand, there is a lack of consensus in the classification
of the types of AE. In this study, we have used the cri-
terion established by the EPINE study, which sets out
to be sensitive in detecting them [26]. The second rea-
son is the cross-sectional methodology. HCAI tends to
prolong hospital stay compared to other AEs, so its
proportion in a cross-sectional area is possibly overes-
timated. However, this has no impact on the study.

In our study, a prevalence of AEs of 12.4% is an
intermediate value for high-complexity hospitals. It
should be contextualized with other cross-sectional
design studies, such as the IBEAS, conducted in 2009
in 58 medium and high-complexity hospitals in
Argentina, Colombia, Costa Rica, Mexico, and Peru
[13]. This study showed a prevalence of 10.5% and
almost 12.0% in high-complexity hospitals. HCAI was
also the most frequent type of AE (37.1%), and more
than 60.0% had a moderate-severe impact on the
patient. A lower frequency of AEs was observed
among paediatric patients, consistent with the find-
ings of Requena et al. in 2011 [36]. Patients who had
been in hospital for longer when screened had a

higher prevalence of AEs, which could be caused by
the AEs prolonging the hospital stay in 50% of cases.
This proportion of AEs that prolonged the hospital
stay is consistent with the findings of Sousa et al. in
2018 [37].

A 15.2% of patients with AE died during their hos-
pital stay. This relationship was originally studied by
Brennan et al. descriptively, with 13.6% of AEs associ-
ated with patient death [6]. In 2004, Baker et al. in
Canada found 15.9% [11]. More recent studies, such as
that of Tartaglia et al. in Italy in 2012 [38], and Sousa
et al. in Portugal, in 2014 [39], found 10.6% and
10.8%, respectively. These figures are slightly lower
than in our study, although longitudinal.

On the other hand, the transversal design tends to
over-represent AEs with more serious consequences
for the patient, thus overestimating the proportion of
AEs associated with death [33]. In the IBEAS study,
5.7% of AEs were associated with death, but the sam-
ple is of limited comparability, this being a younger
population (median age 45 years versus 70 years in
this study) [13]. This study estimated an adjusted
measure of association as to how much the risk of
dying from AE increases. This value was more than
twice as high (OR[CI95%]: 2.15[1.07 to 4.52]) adjusted
by age, sex, type of admission, Charlson Index, and
type of service, the association being congruent with
what was found in the study of Martins et al. in Brazil,
in 2011, which estimated an OR of more than 9 [17].

A total of 70.9% of the AEs identified were avoid-
able. The avoidability value was higher than that
observed by Lessing et al. and Panigioti et al. in their
meta-analyses of 2010 and 2019, respectively (50.0%,
regardless of the type of care area), with a similar
impact on the patient (half of AE with moderate-
severe impact) [18,40]. Also, it has been found that
100% of AEs related to care complications were classi-
fied as avoidable. This data is variable in scientific

Table 4. Risk factors associated with avoidable AE records.
Total, n (%) Avoidable AE, n (%) Odds Ratio CI 95% p Value

Intrinsic risk factors (1)
Impaired mobility 260 (39.4) 51 (19.6) 2.24 1.35 to 3.71 0.002�
Cardiovascular disease 382 (57.9) 66 (17.3) 2.24 0.96 to 5.21 0.061
Pressure ulcers 41 (6.2) 16 (39.0) 2.77 1.39 to 5.51 0.004�

Extrinsic risk factors (1)
Central venous catheter 139 (21.2) 34 (24.5) 2.58 1.33 to 5.00 0.005�

Type of service
Medical specialities 310 (46.2) 33 (10.7) 1.00 NA NA
Surgical specialities 272 (40.5) 31 (11.4) 1.41 0.73 to 2.72 0.220
Intensive care unit 52 (7.8) 18 (34.6) 2.75 1.07 to 7.06 0.036�
Psychiatric 19 (2.8) 0 (0.0) 1.00 NA NA
Paediatrics 18 (2.7) 1 (5.6) 0.58 0.15 to 2.28 0.439

Constant 0.29 0.01 to 0.06 <0.001��
CI 95%: Confidence interval of 95%; p: estimated p-value in logistic regression; (1) Reference value: absence of factors.
Multivariate analysis by logistic regression adjusted by type of service, IRF and ERF.�p< 0.05; ��p< 0.001.
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literature, but the trend is consistent with this result.
The meta-analysis by Panigioti et al. found that
adverse drug effects (25%) and complications in care
(24%) were the most avoidable [18]. and a study by
D’amour et al. in Canada in 2014 estimated that inad-
equate care was responsible for 76.8% of AE, which
were, therefore, the most avoidable [41]. HCAI were
classified as avoidable in 66%, slightly more than the
60% found by Corrales-Fernandez et al. in 2011 [42].

Regarding hospitalization days, in this study, avoid-
able AEs caused more days of additional stay than
unavoidable AEs (1,203 additional days of stay, com-
pared with 819 days of unavoidable AEs), resulting in
higher associated direct economic costs (e581,643.0,
compared with e328,083.8, respectively). If this esti-
mate is extrapolated to the 70 hospitals in Spain with
more than 500 beds [43], the avoidable AEs suffered
by hospitalized patients derived from a cross-section
would mean extra costs of e40.7 million.

Limitations

The main limitation of this study lies in its cross-sec-
tional design, which over-represents the AEs that pro-
long hospital stays and underestimate shorter ones, as
well as not allowing the establishment of causation
relationships. However, this is a common limitation of
all cross-sectional studies, which are far more oper-
ational and efficient as surveillance systems for poten-
tial AEs.

The influence of the reliability and accuracy of clin-
ical records should also be considered, and the collec-
tion and interpretation of data have an inherent
component of subjectivity that may affect results. A
standardized, widely used, and recognized method-
ology was used to control these limitations [44], to
which a peer review of all positive screening
was added.

Strengths

The standardization of the methodology is the study’s
main strength since it ensures its reproducibility and
comparability over time, this being a key element for
periodic surveillance of possible incidents related to
patient safety. However, another strength of our study
was the analysis of factors associated with avoidable
AEs. In this regard, it was observed that the records of
patients in the ICU and the previous presence of pres-
sure ulcers, central venous catheter, and impaired
mobility were associated with the development of
avoidable AEs, guiding us for the optimal

management of immobilized patients, which is an
area of improvement to reduce their impact.

In addition, this is one of the few studies that have
collected information from negative screening, which
has allowed us to explore the association between the
presence of AEs and the patient’s death, enabling effi-
cient identification of areas of improvement where a
better impact on patient safety can be achieved.
Finally, this work manages to identify areas for
improvement in patient safety and its dissemination
helps to promote the culture of safety, identified in
previous works as a fundamental factor to achieve
improvements [45].

Future research direction

Future studies, with a longitudinal design, should
delve into the contributing factors of avoidable AEs
specifically in ICUs, something that would allow miti-
gating its direct impact on the patient and the
health system.

Once the previous knowledge of the causes that
produce avoidable AEs has increased, there will be
necessary studies that propose and investigate tar-
geted interventions in order to reduce their frequency.
It would be interesting to consider whether strategies
aimed at ICU patients could be beneficial for them.

Conclusions

The prevalence of AEs was consistent with that
obtained in other hospitals of the same complexity in
studies that applied a similar methodology. Patients
with more serious comorbidities were most likely to
suffer AEs, practically all of them requiring additional
health care.

The AEs had a major impact on health care, show-
ing an association with patient death during hospital-
ization; therefore, raising awareness of its importance
is critical to achieving optimal quality of care.

Avoidable AEs are less severe. However, their high
frequency has greater repercussions on the patient
and healthcare system. For example, patients hospital-
ized in the ICU who have pressure ulcers, impaired
mobility, or cardiovascular disease, or who require a
central venous catheter are those most frequently
affected by avoidable AEs; therefore, optimizing their
management would be beneficial by reducing their
impact on the patient and would represent savings for
the healthcare system.
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