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Abstract

Objective: To assess the impact of the October 29, 2024 DANA-related floods on Intensive Care
Unit (ICU) operations and patient care in the Valencia region. This study aims to characterize the
clinical profiles, logistical pathways, and outcomes of patients requiring intensive care during
the month following the flood event

Design: Multicenter prospective observational study.

Setting: Nine intensive care units in the Valencia region from October 29 to November 30, 2024.
Patients or participants: All ICU admissions prospectively identified as being influenced by the
DANA event using a predefined checklist

Interventions: None.

Main variables of interest: Demographic and clinical data, ICU management, length of stay,
and outcomes.

Results: Twenty-six patients were included and classified as direct (15.4%) or indirect victims
(84.6%). Median age was 60 years, and most had chronic comorbidities. ICU admission causes
included acute cardiac events, trauma, infections, and worsening of chronic conditions due to
treatment disruptions. Delays in diagnosis or transportation were reported in over 50% of cases.
The median ICU stay was 3 days, with 15.4% mortality rate. ICU capacity remained sufficient
throughout the event, and no surge-capacity plans were activated.
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PALABRAS CLAVE
Desastres naturales;
Inundaciones;
Enfermedad cronica;
Servicios médicos de
urgencia;

Cuidados criticos;
Continuidad de la
atencion al paciente;
Accesibilidad a los
servicios de salud

Conclusion: The ICU burden during the DANA event was predominantly due to indirect health
effects, especially in vulnerable populations with chronic diseases. Disaster preparedness
strategies must prioritize continuity of care and address logistical barriers to reduce avoidable
critical care admissions and mortality.

© 2026 The Authors. Published by Elsevier Espana, S.L.U. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Cuidados Criticos durante desastres naturales: qué ocurrié en las UCI valencianas
durante las inundaciones de octubre de 2024

Resumen

Objetivo: Evaluar el impacto de las inundaciones relacionadas con la DANA del 29 de octubre
de 2024 en el funcionamiento de las Unidades de Cuidados Intensivos (UCI) y en la atencion a
los pacientes en la region de Valencia. Este estudio tiene como objetivo caracterizar los perfiles
clinicos, las rutas logisticas y los desenlaces de los pacientes que requirieron cuidados intensivos
durante el mes posterior a la catastrofe.

Diseno: Observacional prospectivo multicéntrico.

Ambito: Nueve UCI de la region de Valencia, del 29 de octubre al 30 de noviembre de 2024.
Pacientes o participantes: Todos los ingresos en UCI identificados prospectivamente como vin-
culados a las inundaciones segln los criterios definidos.

Intervenciones: Ninguna.

Variables de interés principales: Datos demograficos y clinicos, manejo en UCI, estancia y
resultados.

Resultados: Se incluyeron 26 pacientes, clasificados como victimas directas (15,4%) o indirectas
(84,6%). La mediana de edad fue 60 afnos y la mayoria tenia comorbilidades crénicas. Los diag-
nosticos incluyeron eventos cardiovasculares, traumatismos, infecciones y descompensacion de
enfermedades cronicas por interrupcion del tratamiento. Mas del 50% presenté retrasos en diag-
nostico o transporte. La mediana de estancia en UCI fue 3 dias, con una mortalidad del 15,4%.
La capacidad de las UCI fue suficiente sin necesidad de activacion de planes de contingencia.
Conclusion: La necesidad de UCI tras la DANA se debid principalmente a efectos indirectos
en poblaciones vulnerables con enfermedades cronicas. La preparacion ante desastres debe
priorizar continuidad asistencial y superar barreras logisticas para reducir ingresos criticos y
mortalidad evitables.

© 2026 Los Autores. Publicado por Elsevier Espaiia, S.L.U. Este es un articulo Open Access bajo
la CC BY licencia (http://creativecommons.org/licencias/by/4.0/).

Introduction

The Mediterranean region is highly vulnerable to extreme
meteorological events, particularly Cut-off Low phe-
nomenon (DANA, by its Spanish acronym Depresién Aislada
en Niveles Altos), which often results in torrential rain-
fall and significant flooding.”? On October 29, 2024, 75
municipalities south of Valencia experienced a catas-
trophic DANA event, resulting in widespread flooding, severe
infrastructure disruption, and prolonged interruption of
essential services. Although large-scale rescue operations
were deployed—thanks to the swift actions of neighbours
and emergency services—the medical and public health con-
sequences persisted and worsened in the days and weeks
that followed. Official reports confirmed 230 fatalities with
two remains yet to be recovered at the time of this
publication.?> However, the specific impact on critical care
demand and ICU resource utilization remains insufficiently
characterized.*

Flood disasters are known to produce a dual health
burden including direct and indirect victims.*’ Direct
victims include individuals who sustain injuries such as near-
drowning, trauma, or lacerations. Indirect victims comprise
patients whose acute or chronic conditions worsened due to
delays, isolation, treatment disruption, or disaster-related
infections. It has been described before that even long
term all-cause mortality increases in populations exposed
to floods.® Previous studies show that flooding not only
increases immediate healthcare demands but also creates
long-term health risks, including higher mortality rates and
prolonged systemic challenges for healthcare systems.-""

While much of the immediate disaster response focuses
on emergency rescues and initial triage, the full spec-
trum of healthcare demands becomes apparent only in the
aftermath of such events.*%'2"3 This study provides a com-
prehensive evaluation of ICU admissions affected by the
DANA event, characterizing epidemiology, logistical barri-
ers, and clinical outcomes during the first month.
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Figure 1  Flood-affected areas in the Valencia region following the October 2024 DANA event.

Base map obtained from the Visor Cartografic de la Generalitat Valenciana (Institut Cartografic Valencia, ICV), publicly accessible
at the ICV web platform. © Institut Cartografic Valencia (Generalitat Valenciana).

Methods

This was a prospective, multicenter observational study con-
ducted across nine ICUs in Valencia and the surrounding
areas. We included all patients admitted to the ICU between
October 29 and November 30, 2024, whose admission was
prospectively identified as DANA-related.

Seventy-five municipalities were affected, encompassing
over 570 km? of flood-affected terrain (Fig. 1). Authorities
designated 34 municipalities and several smaller districts
as ‘‘ground zero’’ or the ‘‘most severely affected’’ areas,
most of which fell within the healthcare catchment area of
Hospital Universitari i Politécnic La Fe (Fig. 2)." Neverthe-
less, resources were mobilized across the entire Valencian
region, and data were collected from all patients, regardless
of whether the planned out-of-hospital referral pathways
had been followed.

To support this assessment, we developed a standard-
ized checklist to be completed at admission, in which
the attending physician determined whether the catas-
trophic event had affected any aspect of the patient’s
healthcare trajectory. When such an impact was identified,
the patient was assigned a secondary diagnosis indicating
DANA-related involvement. Patients were categorized into
two groups based on their clinical presentations: direct

victims—individuals who sustained direct injuries such as
near-drowning, trauma, or lacerations—and indirect vic-
tims, defined as those patients affected by barriers to
medical access, delays in diagnosis or treatment, and dis-
ruptions in the continuity of chronic care due to the
isolation of affected areas, access to potable water, or
infectious diseases directly related to the catastrophe.
Delay in diagnosis or treatment was defined as longer-
than-expected time interval between the onset of a
patient’s symptoms or first medical contact and a key clin-
ical action, for example >60 min in case of myocardial
infarction.'

Collected data included demographic characteristics,
chronic comorbidities, prehospital care details, timelines of
hospital admission, diagnosis, level of care required and out-
comes. Qualitative variables are reported as percentages,
whereas quantitative variables are expressed as medians
with their respective ranges or interquartile ranges. Addi-
tionally, information regarding prehospital interventions,
delays in treatment initiation, and transportation methods
was recorded to assess the impact of logistical challenges
on patient outcomes.

Due to the lack of digital reports and the presence of too
many different emergency teams in situ, prehospital data
were heterogeneous and often incomplete; therefore, infor-
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Figure 2  Location of surveyed hospitals. '

Base map obtained from the Visor Cartografic de la Generalitat Valenciana (Institut Cartografic Valencia, ICV), publicly accessible

at the ICV web platform. © Institut Cartografic Valencia (Generalitat Valenciana). Modified for scientific illustration

Legend: Hospital de Sagunto; Hospital Arnau de Vilanova; Hospital Clinico; Hospital de Requena; Hospital de La Ribera; Hospital

Lluis Alcanyis; Hospital Manises*; Hospital Doctor Peset*; Hospital La Fe*
*Hospitals with ICU admissions related with the floods.

mation was reconstructed through structured interviews The study was approved by the ethics committee of
with patients and families. After the initial classification by Hospital Universitari i Politécnic La Fe with code 2025-0990-
the attending clinician, a second revision was performed by 1. The study followed STROBE guidelines for observational

the authors of the article. research.



+Model

MEDINE-502395; No. of Pages 10

Medicina Intensiva xxx (xxxx) 502395

Table 1  Patients demographic data.

Variable Value

N 26

Hospitals receiving patients 3 (H. La Fe: 18; H.
Peset: 7; H.
Manises: 1)

Female (%) 9 (34.6)

Median age (IQR) 60 years (52-65.8
years)

Patients with chronic conditions (%) 22 (84.6)

Patients with regular medication (%) 19 (73)

Chronic hypertension (%) 9 (34.6)

Dyslipemia (%) 11 (42.3)

Type 1 diabetes (%) 2 (7.7)

Type 2 diabetes (%) 7 (26.9)

Respiratory condition (COPD, Asthma, 6 (23.1)

OSAS) (%)

Legend: COPD Chronic Obstructive Pulmonary Disease; OSAS
Obstructive Sleep Apnea Syndrome.

Results

A total of 26 patients were included in the analysis from
the three hospitals that received patients related to the
catastrophe (Hospital La Fe: 18, Hospital Peset: 7, Hospi-
tal Manises: 1) out of the nine hospitals surveyed. The other
6 hospitals did not admit any patient matching the inclusion
criteria. The median age of the patients was 60 years (IQR
52-65,8 years). Most of the patients (22) had chronic ill-
nesses, and only 7 were not on any regular medication prior
to admission (Table 1).

The majority of ICU admissions (61.5% - 16 of 26) occurred
between 30 October and 2 November 2024, with all patients
being admitted directly to the ICU on the day of their hospi-
tal arrival (Fig. 3). Regarding transport, 50% of the patients
were transferred via medicalized ambulance (13 of 26),
30.8% arrived by their own means (8 of 26), 15.4% were
transported by security forces (4 of 26), and the remain-
ing patient (1 of 26) were conveyed in vehicles operated by
volunteers.

Based on the clinical presentation, only 4 (15.4%) of the
cases were classified as direct victims, 84.6% as indirect
victims. Prehospital care was administered to 14 patients
(53.8%); however, delays were evident in 53.8% of the cases
(14), with 46.2% (12) experiencing delays in receiving the
appropriate treatment and 38.5% (10) facing delays in hos-
pital transfer (Table 2).

Regarding clinical diagnoses, there were 3 trauma
patients and 1 non-fatal drowning among the four direct vic-
tims. The diagnoses for the indirect victims were diverse:
7 acute cardiac events (comprising 6 ST-segment eleva-
tion myocardial infarctions, 1 non-ST elevation myocardial
infarction), 5 severe infections related to the flood, 2 poly-
trauma (suicide attempt and accidental fall), 2 diabetic
ketoacidosis, 1 bilateral pulmonary embolism, 1 ethanol
intoxication, 1 epilepsy, 1 acute pulmonary edema,1 pneu-
monia and 1 COPD exacerbation, observed among indirect
victims. Three of the described patients were admitted to
the ICU due to decompensations resulting from the inacces-

sibility of their chronic treatments (e.g. oxygen, insulin).
Infectious etiologies included two cases of leptospirosis,
two of salmonellosis, and one case of necrotizing fasciitis
(Table 2). Median ICU length of stay was 3 days (IQR 2-4,75
days). Median hospital stay was 7.5 days (IQR 5-14,5 days).
The overall mortality rate was 15.4% (n = 4), with 90% of the
survivors discharged home. Two of the deceased patients
were diagnosed with brain death (one due to a failed
suicide attempt by defenestration and the other due to
brain edema from diabetic ketoacidosis). The third patient
died from a massive pulmonary embolism, and the fourth
from ventilator-associated pneumonia following admission
for myocardial infarction and cardiac arrest (Table 2).

One patient was admitted during the first hours after the
floods, a STEMI case who experienced a major delay in trans-
fer due to transport unavailability, resulting in ventricular
tachycardia necessitating multiple defibrillations and onsite
thrombolysis. However, most of the admissions occurred on
days 2-4 (Fig. 3). During the first 36 h, the main prob-
lems were trauma-related cases and delays in initial care
and transportation. On days 3 and 4, in addition to delays,
admissions were also influenced by the lack of access to
chronic care. For example, a COPD exacerbation aggravated
by the absence of electricity, preventing the use of home
oxygen and positive-pressure devices, or a case of diabetic
ketoacidosis due to lack of access to oral antidiabetics and
insulin. Infectious complications began to appear from day
11 onwards (Table 2).

None of the ICUs that admitted patients during the
DANA event were required to activate contingency or surge-
capacity plans. Patient arrivals occurred in a staggered
manner over several days, allowing teams to absorb the
increased demand without operational stress. At no point
was the structural capacity of the units or the functional
capacity of the critical care teams exceeded.

Discussion

To our knowledge this is the first multicentric study evalu-
ating the impact on critical care units of a natural disaster
in Spain. This study provides valuable insights into the crit-
ical care challenges following the DANA event in Valencia
and aligns with other studies that demonstrate the relation-
ship between climate change, urban development and flood
risk, highlighting the importance of early warning systems
to minimize casualties. ¢~

It is noteworthy that all ICU admissions affected by the
DANA recorded in this study occurred in only 3 of the 9 par-
ticipating hospitals. This is most likely attributable to the
magnitude of the catastrophe, which affected a large part of
the Valencian territory and severely damaged transportation
routes and systems, the absence of established protocols
and limited resources during the initial days resulted in
a lack of a coordinated emergency response.’” As a con-
sequence, patients were often transferred to the nearest
hospital rather than following a structured referral pathway.
This underscores the need for predefined disaster prepared-
ness plans and resilient healthcare logistics to ensure that
patient transfers and continuity of care are not left to impro-
visation during large-scale emergencies.?°
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Table 2 Diagnosis.

Type of victim  Diagnosis DANA factors Required treatment ICU Stay Hospital stay Mortality
(days) (days)
Indirect STEMI 1,2 Coronary angiography 1 6 No
Indirect STEMI 3 Coronary angiography 3 6 No
Direct Polytrauma 2 Surgical repair of bone 5 19 No
fractures
Direct Polytrauma 2,4 Surgical repair of bone 8 12 No
fractures
Indirect Polytrauma * 4 Monitoring 2 6 No
Indirect STEMI 1,2 Coronary angiography 1 5 No
Indirect COPD 1,4,5 NIMV, bronchodilators, 4 20 No
exacerbation corticosteroids,
ketamine, imipenem
Indirect Ethanol 1,2, 4 OTI 2 3 No
intoxication
Indirect Bilateral 1,2,4,6,7 Vasoactive drugs, OTI, 2 2 Yes
pulmonary intra-arterial
embolism thrombolysis, EKOS,
advanced CPR
Indirect Diabetic 5,6 IV insulin infusion 1 3 No
ketoacidosis
Indirect STEMI 3 Cardiac catheterization 3 7 No
Indirect Polytraumaf 6 OTI, surgical 31 31 Yes
interventions
Direct Traumatic 1,4,6,7 Cervical-cerebral 7 13 No
vertebral angiography, dual
artery antiplatelet therapy
dissection
Indirect Epileptic 1,2,4 OTI 1 3 No
seizure
Indirect Cardiac arrest 1,2,4,7 OTI, coronary 4 12 No
due to STEMI angiography
Indirect Leptospirosis 8 Vasoactive drugs 7 10 No
Indirect Cardiac arrest 1,7, 10 OTI, coronary 5 5 Yes
due to STEMI angiography
Indirect Cardiac arrest 1,2,4,5,6 Vasoactive drugs, OTI 1 1 Yes
due to diabetic
ketoacidosis
Direct Non-fatal 1,2, 4 NIMV 3 29 No
drowning
Indirect NSTEMI 4 Cardiac catheterization 2 4 No
Indirect Acute 4 NIMV 2 7 No
pulmonary
edema
Indirect Leptospirosis 7 Monitoring 2 8 No
Indirect Salmonellosis 6,9 Fluid therapy, monitoring 3 16 No
Indirect Salmonellosis 6,9 Fluid therapy, 3 13 No
monitoring, NIV
Indirect Legionella 1,4 Vasoactive drugs, OTI 16 24 No
pneumonia
Indirect Necrotizing 8 Vasoactive drugs 4 15 No
fasciitis

Legend: * Suicide attempt triggered by stress resulting from the catastrophe; 1 Accidental fall due to access difficulties and ground
conditions; 1. Delayed definitive treatment; 2. Delayed transport; 3. Inability to return to referral hospital; 4. Delayed initial care; 5.
No access to chronic medication; 6. Isolation; 7. Delayed diagnosis; 8. Infection acquired through contaminated wet soil; 9. No access
to potable water; 10. Lack of phone signal to activate STEMI code; STEMI ST-segment Elevation Myocardial Infarction; COPD Chronic
Obstructive Pulmonary Disease; BiPAP Bilevel Positive Airway Pressure; OTI Orotracheal Intubation; CPR Cardiopulmonary Resuscitation;
EKOS Ultrasound-Assisted Catheter-Directed Thrombolysis System; NSTEMI Non-ST segment Elevation Acute Coronary Syndrome; NIMV
Other Non-invasive Mechanical Ventilation.
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Figure 3

ICU admission timeline, ICU length of stay and total hospitalization duration.

Timeline of ICU stay (solid line) and total hospitalization (dashed line) for all admitted patients, ordered by admission date. Red

lines denote patients who died during hospitalization.

In previous global examples, such as the 1997 Czech
Republic floods and the 2012 Beijing floods, healthcare sys-
tems faced significant strain, particularly in ICUs, due to the
compounded effects of direct injuries and indirect health
crises.®?

The magnitude of the tragedy resulted in the vast major-
ity of deaths occurring within the first moments of the
event, consistent with the first peak of the classic tri-
modal distribution of trauma-related mortality.??>* Forensic
reports suggested that the typical second and third peaks -
those resulting from potentially survivable injuries and later
complications — were less apparent than in other large-scale
events.?4?

Our findings highlight a distinct dichotomy between
direct victims, who sustained direct injuries from the dis-
aster, and indirect victims, whose pre-existing or chronic
conditions were exacerbated by delays in care and logistical
challenges.

The predominance of indirect victims underscores the
substantial impact of flooding on health also described by
Paterson et al. in a review in 2018."° Disruptions in medical
access, delays in treatment, and the inability to maintain
continuity of chronic care were significant factors contribut-
ing to ICU admissions. These findings echo the conclusions
of Milojevic et al.* and Alderman et al.,’ who demonstrated
that the indirect health effects of floods can have long-term
repercussions on patient outcomes.

Logistical challenges emerged as a critical determinant of
patient prognosis. The delays in prehospital care and trans-
port observed in our study are consistent with reports from
other flood events, where similar challenges were associated
with increased morbidity and even mortality.®®

In our study, a clear example of how the floods dis-
rupted healthcare logistics is the considerable number of
ischemic heart disease cases that were affected by the
DANA. Although this study does not include a control cohort
to directly compare the incidence of ischemic events with a
similar period unaffected by flooding, clinical experience
from participating centers does not suggest that the dis-

aster itself increased the number of such events. Rather,
the impact was predominantly logistical: patient care was
clearly compromised by the dependence on transportation
for transfers from local healthcare centers to the referral
hospital for catheterization adding in one case the need of
thrombolysis despite being just 3 km away from a catheter-
ization laboratory. This highlights how natural disasters may
not necessarily increase the intrinsic incidence of acute
ischemic events, but can critically affect the timeliness and
quality of care delivery, with potential consequences for
patient outcomes.?6-28

Despite the magnitude of the catastrophe, it is strik-
ing that no ICU admissions were recorded during the first
24 h from any of the 75 flood-affected municipalities,
encompassing approximately 1.8 million inhabitants. Such
an absence of critically ill patients reaching tertiary care
raises important questions about what occurred during the
period of maximal isolation. This pattern raises concern that
some acute emergencies may not have reached the hospi-
tal system during the period of maximal isolation and were
therefore not formally classified as DANA-related if they
resulted in death. This gap between expected and observed
critical-care demand underscores the possibility of unrec-
ognized indirect mortality and substantial unmet health
needs, and highlights the need for improved systems capable
of maintaining essential medical access during large-scale
environmental disasters.

Furthermore, the identification of severe infectious
complications and the exacerbation of chronic conditions
emphasize the need for robust emergency response systems
that integrate both immediate rescue efforts and strategies
for maintaining public health standards and continuity of
care.”'92% |t is particularly alarming to find cases of dia-
betic ketoacidosis in ICU due to lack of insulin and electricity
to store it safely®® making diabetic patients especially vul-
nerable to disasters.?' This must raise awareness to better
prepare and prevent the late consequences of the catas-
trophe, that may lead to many indirect victims even with
available resources and health facilities nearby. It must be
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considered that this study does not include hospital admis-
sions or in situ emergency interventions.

The demographic profile of our patient cohort, with a
median age of 60 years and a high prevalence of chronic
conditions, further highlights the vulnerability of older pop-
ulations during extreme weather events. This is in line with
findings by Hochman et al.," who reported significant soci-
etal impacts and healthcare challenges in regions affected
by extreme weather phenomena in the Mediterranean.

Recent studies underlined the impact of natural disas-
ters on continuity of care for chronic patients establishing
recommendations from previous experiences as hurricane
Katrina in 2005.3? Understanding these dynamics is essen-
tial to improving healthcare system preparedness and
resilience, particularly in regions prone to climate-related
disasters.*?

Protecting highly vulnerable patients during DANA events
requires a combination of household preparedness and coor-
dinated system-level measures. Home contingency plans
with emergency medication kits, backup batteries, and
clear instructions can reduce clinical deterioration during
isolation. Maintaining registries and geolocation of high-
risk patients would help prioritize outreach when access
routes fail, while community education on managing supply
disruptions—such as insulin preservation—remains essen-
tial, as illustrated in the recent case study of flood-risk
education in Valencia.> In parallel, establishing alter-
native, traceable pharmaceutical supply chains would
ensure medication availability if local pharmacies become
inoperable. These actions echo evidence that extreme
weather events disproportionately affect vulnerable popu-
lations, highlighting the need for proactive, equity-focused
preparedness.®

This study presents several limitations inherent to its
design and execution. Being a prospective observational
study without a non-exposed or historical control group,
causal inferences cannot be firmly established, and compar-
isons with baseline ICU activity are limited. Selection bias
may have occurred, as only patients identified by attend-
ing physicians as affected by the DANA were included,
possibly underestimating the total number of indirectly
impacted admissions. Survivor bias must be also present
in this study as potential indirect victims who died before
hospital admission or not considered ICU candidates were
not included. Attribution bias is also possible, since distin-
guishing between health events triggered by the disaster
and those coincidentally occurring during the same period
is challenging. The redistribution of cases among hospitals
due to accessibility constraints may have led to local over-
loads not reflected in the aggregate data. Despite these
constraints, the study provides an essential snapshot of crit-
ical care dynamics during a natural disaster, highlighting
systemic vulnerabilities and areas for improvement in dis-
aster preparedness.

In summary, our study contributes to the growing body
of evidence on the multifaceted health impacts of flood
disasters. The observed patterns of ICU admissions, pre-
dominantly driven by secondary complications, suggest that
disaster preparedness plans should extend beyond imme-
diate rescue operations.**3> Future research should focus
on the long-term health outcomes of flood victims and the
development of comprehensive strategies including emer-

gency medicine, public health and critical care to mitigate
the global effects of such events.?

Conclusions

The DANA event in Valencia led to a significant demand for
intensive care services, with secondary complications pre-
dominating over direct trauma. Our study highlights that
continuity-of-care failures were a major driver of indirect
critical illness. These findings underscore the importance
of integrated disaster response plans that address both
immediate emergent needs and the continuity of chronic
care to mitigate indirect health impacts. Future research
should further investigate long-term outcomes and effec-
tive strategies for improving emergency response in similar
catastrophic events.
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