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Abstract

IMPORTANCE Since the full-scale Russian invasion, hospitals in Ukraine have been compelled to
close or operate at reduced capacity due to inadequate supplies, damage, or destruction caused
by war.

OBJECTIVE To analyze hospital services in Ukraine during the period before and after the Russian
invasion.

DESIGN, SETTING, AND PARTICIPANTS Of the 450 hospitals currently functioning in Ukraine, a
cross-sectional survey was carried out with the participation of 74 hospitals from 12 oblasts. Hospital
administrators responded to an online survey with questions on the use of hospital services. Data
were abstracted from hospital databases for the prewar period (before February 23, 2022) and
during the war (February 23, 2022, to May 30, 2023).

MAIN OUTCOMES AND MEASURES Hospital services (including emergency services, preventive
services, screenings, laboratory tests, obstetrics, telehealth, pharmacy, and rehabilitation services)
were compared during the prewar and war periods.

RESULTS Of 450 Ukrainian hospitals in operation, 74 hospitals (16.0%) across 12 oblasts provided
data for the current analyses. During the war, daily emergency admissions increased to 2830,
compared with 2773 before the war. At the same time, hospitals reported reduced laboratory testing
(72 [97%] vs 63 [85%]), tobacco education (52 [70%] vs 36 [49%]), cancer screening (49 [66%] vs
37 [50%]), gynecological services (43 [58%] vs 32 [43%]), rehabilitation services (37 [50%] vs 27
[36%]), pharmacy services (36 [49%] vs 27 [36%]), and telehealth programs (33 [45%] vs 21 [28%]).
Hospitals reported additional difficulties during the war, including disruptions in the supply chain for
essential equipment and pharmaceuticals, shortages of laboratory test kits, delays in the delivery of
crucial medications, and problems around appropriate medication storage due to power outages.

CONCLUSIONS AND RELEVANCE The ongoing war has inflicted profound devastation on Ukraine’s
hospitals. The findings of this cross-sectional survey offer valuable insights into the formidable
challenges that hospitals confront in war-affected regions and underscore the pressing necessity for
bolstering support to sustain and enhance hospital services during wartime.
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Introduction

War inevitably brings enormous damage and disruption to health care systems.1-7 Before the war,
Ukraine had 3 tiers of hospital system: primary hospital units, which include health posts, health
centers, and primary hospitals; secondary care provided by general hospitals; and tertiary care
served by specialized referral hospitals. Once part of the Soviet Union, Ukraine’s hospital system was
deeply rooted in the Soviet regime when the country gained independence in 1991.8 Before the full-
scale Russian invasion, approximately 720 hospitals were operating in Ukraine. By April 2023, only
450 Ukrainian hospitals were operational. Even before the invasion, the hospital system in Ukraine
was already struggling with a shortage of health professionals, inadequate funding, and outdated
infrastructure resulting in strains on the provisioning of essential services.9 Since the full-scale
Russian invasion in February of 2022, these issues have been exacerbated as Ukrainian hospitals
grapple with an unprecedented influx of patients (including millions of injured and displaced
peoples), the loss of health professionals, shortages of medical supplies, and the destruction of
infrastructure, including hospital facilities.10 According to the Ministry of Health, Ukraine, from
February 2022 to August 2023, medical facilities were damaged and ruined, including health care
assets such as hospital transport, personnel, patients, supplies, and warehouses.10 As of December
2023, hospitals, clinics, and medical facilities had been attacked and damaged an estimated 661
times with additional assaults on other health facilities such as pharmacies, blood centers, dental
clinics, and research institutions.11,12

In addition to direct attacks on hospitals, access to medical services has been indirectly affected
by security concerns, restricted mobility, broken supply chains, shortages of diagnosis kits and
medicine, mass population displacement, and power outages.13 The loss of trained personnel has
exacerbated this crisis; more than 1% of medical personnel left the country during the war and more
than 100 health professionals have been killed as a result of a direct Russian attack. The cumulative
outcome of these challenges has resulted in the Ukrainian hospital system being stretched to its
limits, struggling to meet the needs of a population in crisis.

It is vital to compare hospital services during the prewar period and the ongoing Russian
invasions, in terms of factors such as hospital personnel, service hours and offerings, and storage
capacity for vital supplies (eg, blood, vaccines). To that end, this study investigated the type of
services provided, losses and challenges, and adaptation and mitigation strategies applied by
hospitals since the full-scale Russian invasion began in February 2022.

Methods

Survey Participants
Working closely with Ukrainian collaborators in this cross-sectional survey from May 2023 to June
2023, we reached out to administrators at every hospital in Ukraine via email, phone call, and/or text
message, requesting their participation in an online survey on the provision of health services before
and during the Russian war. A pretested PDF version of the questionnaire in the Ukrainian language
was sent to each hospital in advance. Once a hospital agreed to participate, a survey hyperlink was
sent for the representatives to complete the form. Data were provided by hospital statisticians from
their electronic data systems about the health services before the war (March 2021 to February
2022) and during the war (March 2022 to May 2023). During data cleaning, we cross-checked each
variable for accuracy. In total, 74 hospitals provided usable data for analysis.

The survey included 94 questions covering 4 domains: hospital characteristics, key
performance indicators, adaptation and mitigation, and cold weather outcomes. Details about the
participating hospitals are available in eAppendix in Supplement 1. Informed consent was obtained
from the hospital representatives who completed the form. The study protocol was reviewed and
approved by the ethical approval committee from Poltava State Medical University in Ukraine and
Rutgers University.
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Hospital Characteristics
Respondents provided basic hospital information (ie, name, location, ownership of the hospital,
hospital level [national, oblast, city, or district], and type of hospital [regional, psychiatric, primary
and preventive, secondary, tertiary, palliative care, or emergency medical care system and disaster
medicine]). We also collected data on the hospital’s location and setting, organizational information,
hospital services before and during the war, the loss of hospital professionals (eg, physicians, nurses,
lab technicians, and operators), as well as services provided by each hospital, including as emergency
and surgery departments, obstetrics and gynecology, auxiliary departments, education, mental
health supportive services, and oral health. Respondents were asked to report on the availability of
resources (eg, hospital beds, intensive care beds, ambulances/medical transport vehicles,
ventilators, etc) and services offered in 2021, before the Russian invasion of Ukraine, as well as during
the occupation (February 24, 2022, to May 30, 2023).

Key Performance Indicators
A hospital key performance indicator is a performance measure that is used to observe, analyze,
optimize, and transform a hospital process to increase satisfaction for both patients and hospitals
alike. These metrics are commonly used by care facilities to compare their performance with other
care facilities and identify areas of improvement.14,15 Specifically, we collected detailed data on
hospital operations, services, and staffing. Information was collected from 2 time periods: prewar
(March 2021 to February 2022) and during the war (March 2022 to May 2023).

Challenges, Adaptation, and Mitigation
In this section, we asked questions regarding the losses and challenges of each hospital, as well as the
adaptation and mitigation strategies (new policies implemented to function normally) applied by the
hospital since the Russian Invasion of Ukraine (February 24, 2022).

Cold Winter Outcomes and Attacks on Health Facilities
Hospitals were asked about the outcomes of power outages and winter on the storage and use of
medical products. Location-specific attacks on health facilities were extracted from insecurity insight
monitors in Ukraine.12

Statistical Analysis
We first calculated descriptive statistics including mean (SD) for continuous measures and counts
and percentages for categorical data. χ2 and Fisher exact tests were used to test differences between
health care facilities due to small cell counts. Paired sample t tests were used for normally distributed
continuous variables. Nonparametric tests such as the Wilcoxon signed rank test were applied to
variables that were not normally distributed. Further, Cohen d effect size was evaluated for each
covariate. Repeated measures analysis of variance was used to analyze the changes over time
(prewar vs wartime) in hospital-related facilities. Before analysis, multicollinearity was assessed for
each covariate (tolerance statistic < 0.4). No evidence of multicollinearity was observed so all
variables were retained. Statistical significance was defined based on a 2-sided standard alpha level
of .05. R statistical software, version 4.3.1 (R Project for Statistical Computing), was used to perform
all the statistical analysis.

Results

Hospital Characteristics
Of 450 Ukrainian hospitals in operation, 74 hospitals (16.0%) across 12 oblasts provided data for the
current analyses. Of those 74 hospitals, 39 (52.7%) provided secondary health care, 18 (24.3%)
primary, 16 (21.6%) tertiary, and 1 (1.4%) palliative health care. Of those, 7 were national-level, 16
were oblast-level, 12 were district-level, and 38 were city hospitals (eTable 1 in Supplement 1). Overall,
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60 of the 74 hospitals (81.0%) were communal (ie, owned and operated by local communities or
municipalities), while 8 (10.8%) and 6 (8.1%) were state and private hospitals, respectively. A total of
41 participating hospitals (55.4%) were in Kharkiv; 11 (14.9%) were in Kyiv; 9 were in (12.2%) Poltava;
and 5 (6.8%) were in Sumy oblasts (eTable 1 in Supplement 1).

Key Performance Indicators
The use of health services in Ukrainian hospitals changed substantially from the prewar period to
after the invasion. From before to after the Russian invasion, the percentage of hospitals offering
various services declined across most categories (eTable 2 in Supplement 1). Amidst the war, crucial
services were reduced, including laboratory testing (72 [97%] vs 63 [85%]), tobacco education (52
[70%] vs 36 [49%]), cancer screening (49 [66%] vs 37 [50%]), gynecological services (43 [58%]
vs 32 [43%]), rehabilitation services (37 [50%] vs 27 [36%]), pharmacy services (36 [49%] vs 27
[36%]) and telehealth programs (33 [45%] vs 21 [28%]) (eTable 2 in Supplement 1). The least
affected services include imaging and radiology centers (55 [74%] vs 51 [69%]), routine pediatric
services (38 [51%] vs 33 [45%]), intensive care units (ICUs) (44 [59%] vs 42 [57%]), dialysis centers
(5 [7%] vs 5 [7%]), addiction treatment centers (5 [7%] vs 5 [7%]), and obstetric deliveries (11 [15%]
vs 11 [15%]) (eTable 2 in Supplement 1).

Maternal and newborn health metrics changed substantially with the Russian invasion. In the
year before the war, participating hospitals reported a total of 8114 obstetric deliveries compared
with 3995 deliveries during the wartime (Table). Of the 3995 wartime deliveries, preeclampsia
occurred in 217 (5.4%), preterm birth in 485 (12.1%), and low birth weight in 382 (9.6%). Low birth
weight and premature births significantly increased during the war. Furthermore, newborn
complications, maternal deaths, labor dystocia, stillbirths, and gestational diabetes declined during
the war (Table).

Challenges, Adaptation, and Mitigation
During the Russian occupation, the mean (SD) staff who left their jobs per hospital was 7.9 (6.4)
physicians, 10.3 (9.6) nurses, and 21.6 (18.8) other hospital staff. Although numerous hospital staff
left after February 23, 2022, hospitals hired a mean (SD) of 8.3 (7.8) physicians, 10.6 (9.2) nurses, and
26.2 (24.8) other staff members during the Russian occupation, representing a net gain in hospital
staff during the war (Figure 1). Relatively small numbers of physicians, nurses, and other hospital
staff were injured and died because of the Russian invasion (Figure 1).

Of the 74 participating hospitals, common problems during the war included 22 hospitals
(29.7%) with challenges obtaining supplies, 20 (27.0%) with laboratory test kit shortages, 18 (24.3%)

Table. Maternal and Newborn Health Metrics Before and During the War in Ukraine

Complication
No. of hospitals reporting
birth data

Before war During war Statistical test
Births with complication,
No. (%)

Births with complication,
No. (%) Paired sample t test Cohen d (95% CI)

Obstetric deliveries 11 8114 3995 0.041 0.93 (0.04 to 1.81)

Preterm labor 10 1227 (15.1) 484 (12.1) 0.014 1.78 (0.81 to 2.73)

Preeclampsia 10 420 (5.2) 217 (5.4) 0.12 0.72 (−0.19 to 1.63)

Gestational diabetes 10 432 (5.3) 53 (1.3) 0.0006 1.84 (0.77 to 2.89)

Stillbirth 10 397 (4.9) 53 (1.3) 0.0089 1.31 (0.32 to 2.27)

Labor dystocia 10 227 (2.8) 71 (1.8) 0.02a 1.14 (0.18 to 2.08)

Maternal death 10 7 (0.1) 1 (0.03) 0.33a 0.09 (−0.15 to 0.31)

Newborn complication 7 217 (2.7) 106 (2.7) 0.11 0.93 (0.09 to 1.75)

Low birth weight 10 513 (6.3) 382 (9.6) 0.041 0.38 (−0.51 to 1.26)

Low blood glucose 9 17 (0.2) 22 (0.6) 0.36a 0.43 (−0.50 to 1.37)

Premature birth 9 583 (7.2) 485 (12.1) 0.037 0.44 (−0.51 to 1.37)
a Wilcoxon signed-rank test.
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with issues with the delivery of drugs, and 16 (21.6%) with lack of consumable medical resources,
such as bandages, needles, and antibiotics (Figure 2).

Power Outages
Hospitals reported the outcomes of power outages and winter on the storage and use of 5 types of
medical products: antibiotics, blood products, insulin, vaccines, and other medical products. Among
the responses, power outages caused more storage problems (eg, vaccines and antibiotics)
(Figure 3A), and products were discarded due to loss of temperature control (eg, vaccines and
antibiotics) (Figure 3B). Medical products were also exposed to extreme temperatures (eg,
antibiotics, blood) (Figure 3C), and medical products were discarded due to loss of temperature
control (eg, antibiotics, blood, and vaccines) (Figure 3D). Some hospitals reported the use of
antibiotics, vaccines, and other medical products even after loss of temperature control (Figure 3E).

Overall Changes
The mean (SD) number of physicians and nurses employed by individual hospitals was stable from
before to during the war although the number of other staff slightly decreased from 175 (99.5) before
the war to 162 (94.7) during the war (eAppendix in Supplement 1). The number of weekly hours
worked from before to during the war varied by occupational role, with large increases observed for
nurses and other staff. The results of the study further indicated that increasing staff strength (ie,

Figure 1. Hospital Staff Losses and Challenges Since the Russian Invasion of Ukraine
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Figure 2. Challenges Faced by the Ukrainian Hospital System During the Russian Invasion
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the number of physicians, nurses, and other staff) was significantly associated with job hours
increasing from before the war to during the war (eTable 3 in Supplement 1). Resources such as
vehicles, ambulances, defibrillators, ventilators, ICU beds, and beds in hospitals significantly
decreased from before the invasion to after the invasion (eTable 3 in Supplement 1). In the context of
services provided in health care, nonobstetric operating room procedures decreased, while the
number of operating rooms for surgical procedures increased. From before to during the war, daily
inpatient services (3902 vs 3967) and emergency admissions (2773 vs 2830) both increased
(eFigure in Supplement 1). In contrast, from before to during the war, daily outpatient services
(10 853 vs 9769) and elective admissions (3127 vs 3422) decreased. Hospital admissions were
significantly associated with the availability of hospital resources (ie, beds, ventilators, and ICU beds)
and rooms (eTable 3 in Supplement 1). Hospital-reported maternal deaths decreased from 7 before
the war to 1 during the war (Table), and deaths for children younger than 5 years were the same from
before the war to during the war.

Attacks on Health Facilities
A total of 74 hospitals participated in this study (Figure 4A). Damage to hospitals and health facilities
was most common in oblasts along the front lines or adjacent to Russian borders (Figure 4B).
Hospitals and health facilities were attacked with artillery, aerial bombs (ie, drone attack or attack
from a plane), cluster bombs, mines, missiles, rockets, and shelling (Figure 4C).

Discussion

During the last 2 years of full-scale war in Ukraine, the largest damage to Ukrainian medical
infrastructure has been observed in Kharkiv, Donetsk, Dnipropetrovsk, Mykolaiv, Kherson,
Zaporizhzhia, Kyiv, and Chernihiv regions.16 In this cross-sectional survey of Ukrainian hospitals, we
observed substantial disruptions to hospital services, including reductions in laboratory tests,
educational programs, cancer screening, gynecological services, rehabilitation services, reduction in
staff numbers, as well as increased job hours for hospital staff. Maternal and newborn health was

Figure 3. Situations Experienced by Hospitals Since the Russian Invasion of Ukraine, February 24, 2022
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These data reflect confirmed reports only. Across measures, 5% to 10% of hospitals lacked a mechanism to verify whether these situations had occurred. Additionally, some measures
did not apply to all hospitals based on variations in services provided.
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Figure 4. Participating Hospitals, Damage and Closures, and Attacks on Health Facilities in Ukraine
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negatively affected. Substantial turnover in hospital staff and decreases in the availability of essential
resources such as vehicles, ambulances, defibrillators, ventilators, ICU beds, and hospital beds during
the war were reported. Shifts in the array of services provided were reported, including changes in
the volume of nonobstetric operating room procedures, general surgery department operations, and
inpatient and outpatient admissions.

These changes in services suggest a shift in hospital priorities and the allocation of resources
during the war. General surgical procedures in operating rooms increased during wartime compared
with the prewar period.

Not surprisingly, daily inpatient and emergency admissions significantly increased during the
war indicating an influx of patients requiring immediate care. In contrast, daily outpatient and
elective admissions significantly decreased, likely due to disruption of nonurgent hospital services
such as immunization services and interventions to control communicable diseases.

Data from the period of war indicate a disruption in the provision of essential obstetric and
neonatal services, likely associated with the migration of medical professionals, the destruction of
health facilities, and the displacement of populations. These factors pose a severe risk to the health
outcomes of mothers and newborns. Although the maternal deaths and low birth weight cases
reported by participating hospitals were almost the same before and during the war, the number of
obstetric deliveries at these hospitals also sharply declined, suggesting increases in the rates of these
adverse outcomes. These findings are also consistent with other published studies that showed there
were increased adverse pregnancy-related outcomes among refugee mothers, including a higher
rate of infants with low birth weight, premature births, and miscarriage during this time.17 Ensuring
continuity of care for pregnant patients, access to safe deliveries, and postnatal care must remain a
priority. Mortality rates reported by participating hospitals showed children younger than 5 years and
mothers remained the same. It might be because of mass migration; many pregnant and childbearing
people have migrated to other countries in search of safe havens. However, the ongoing war may
exacerbate by severely disrupting some essential services such as antenatal, childbirth, and postnatal
care, including the provision of necessary cesarean deliveries, which, in turn, elevate the risk of life-
threatening obstetric and neonatal complications.

During the war, the turnover of health professionals was considerable at the hospitals
participating in the survey. The most substantial dropout was observed among staff members. In
some areas, hospitals adjusted to staff shortages by engaging community health workers and trained
community workers, particularly in areas of increased need (immunization, testing and screening for
communicable and chronic diseases, mental health and psychosocial support, and referral and
linkage to care).18 On average, staffing decreased slightly in hospital facilities during the war
compared with before the war, particularly among nurses and other staff. We additionally observed
notable increases in job hours among nurses and other staff, which could be due to increased patient
care demands as well as the need to compensate for staff shortages. Another challenge during the
war was the disruption of hospital supplies.

The Ukrainian energy infrastructure was a major target of Russian attacks, and as a result, many
hospitals experienced power outages, and inadequate storage of supplies such as vaccines,
antibiotics, drugs, blood, and insulin at the required temperature. Some hospitals reported the need
to discard products due to loss of temperature control from power outages, while others reported
the use of these products despite known losses of temperature control. Using these products may
have negative consequences on human health.

Hospital resources such as vehicles, ambulances, defibrillators, ventilators, ICU beds, and
general hospital beds decreased in hospitals during the war compared with before the war. The
reason might be some of the hospital assets were bombed.19 This reduction in resources may have
posed challenges in providing essential medical care and responding to emergencies.

The results suggest a need for continued monitoring of health services among Ukrainian
hospitals. For instance, the findings of reductions in access to vaccines may have implications for
public health and in particular, infectious disease risk. Vaccination coverage was already low in
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Ukraine before the war with outbreaks of measles and poliovirus resulting in more than 115 000
measles and 40 deaths from 2017 to 2020.18,20 The observed decline in access to vaccines may
further exacerbate outbreaks of vaccine-preventable diseases.21

Despite the potentially enormous effects on public health, to date, there have been few studies
examining changes in hospital services during wartime or military invasions. The approach developed
here may lend itself to future investigations in Ukraine as the war continues as well as in other crisis
settings where health care systems may be disrupted. The war in Ukraine is the first conflict in which
the World Health Organization’s new mandate to document attacks on health care facilities and
health care personnel is operating. This is currently the only conflict where the World Health
Organization is required to document and confirm these attacks, and this has been the result of years
of advocacy and a resolution passed by the World Medical Association.

Strengths and Limitations
Understanding the outcomes of the war on health services in Ukraine is particularly salient given
growing evidence of widespread, deliberate attacks on health care facilities in violation of the rules
of war.11,22 Planned attacks on health care facilities can be seen as deliberate campaigns to inflict
suffering on civilian populations and are considered war crimes subject to adjudication by the
International Criminal Court.23 Quantifying the potential outcomes of the war on hospital services
provides critical data on the humanitarian toll of this ongoing crisis.

We note several limitations of this analysis. Given the challenges of accessing certain regions
during the wartime setting, there is a possibility of underrepresentation of heavily affected areas in
the data, as well as a potential bias toward regions more accessible during the conflict. Additionally,
the inability to include hospitals that were destroyed or rendered inoperable may further limit the
representativeness of the findings, potentially leading to an underestimation of the true outcomes of
the war on health services in Ukraine. Such factors could result in either overestimation or
underestimation of the resilience and adaptability of the hospital system. Findings may be lower
bound in that they may not have described changes at hospitals that were destroyed during the war.
Additionally, we cannot evaluate how representative the sample of participating hospitals is of all
Ukrainian hospitals due to a lack of data on nonparticipating hospitals. The findings presented may
be an underestimate of the true outcomes of the war on health services in Ukraine given that
hospitals that were destroyed or incapacitated during the war could not respond to the survey. The
relatively low response rate may be evidence of this concern. Furthermore, the cross-sectional
nature of this study may not fully capture the dynamic changes in health services delivery throughout
the war, which is ongoing at the time of acceptance of this article.

Conclusions

This cross-sectional survey indicates that the Russian invasion of Ukraine has disrupted health
services in numerous ways, causing damage to infrastructure and turnover of staff. A decline in
preventive services, such as vaccination, and elective services can potentially worsen the health of
the population, which will also be adversely affected by exposure to cold temperatures, use of
non–temperature-controlled supplies by hospitals, undernutrition, disrupted sleep, and other
stressors. With international support, a well-considered and prioritized response is needed to rebuild
a smarter health care system that can address new needs while restoring and catching up on
essential services that have been lost due to the war. Priorities for public health services in the short
to medium term can be to ensure appropriate surveillance, preparedness, and responses to
communicable disease threats or outbreaks, expected as a result of lapses in preventive care.
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