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Aim: To investigate the impact of Russian invasion on
Ukrainian healthcare services related to cytopathology
screening and diagnostics.

Methods: The workload and output of the cytopathological
laboratory located in Kyiv before and during 8 months of
Russian invasion were analyzed. The laboratory perfor-
mance was assessed by the total number of cytologic cas-
es, the turn-around time (TAT) index, and the percentage of
timely reported test results. The geographic distribution of
cases was also analyzed.

Results: There was a significant decline in the workload of
the laboratory during the first two months of the war, and
the numbers of cytopathology specimens fell to less than
one third of prewar levels, and the TAT was prolonged.
Since May 2022, the efficiency and quality of cytopathologic
testing has been largely restored in most parts of Ukraine,
only to be affected again by increased Russian bombard-
ment toward the end of summer 2022. The number of cy-
tology specimens was reduced and the source of cytology
specimens changed from the prewar conditions reflecting
the relocation of the CSD Lab to western Ukraine.

Conclusion: Cytolopathological screening and diagnostics
were seriously disrupted in Ukraine during the Russian in-
vasion resulting in a decreased volume of cytology speci-
mens received in the CSD Lab during the early months of
the war. By adapting to the war conditions and reorganiz-
ing the cytology services, CSD Lab has continued providing
cytology services at a level of efficiency similar to those
of the prewar period. However, the volume of cytology
specimens remains much smaller than before war, indi-
cating that the cytology services have been adversely af-
fected by the war.
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Introduction

The Russian invasion of Ukraine and the unprovoked war that followed heavily affect-
ed the life and health of the entire Ukrainian population [1]. Active military actions and
bombings have resulted in a loss of thousands of civilian lives, and even more civilians
were wounded and evacuated [2]. Tragically, most of those wounded or killed were elder-
ly, women, and children. and other vulnerable groups of the population. By now more
than 7.8 million people became refugees and over 6.5 million people were internally dis-
placed [3].

Currently, about 20% of the territory of Ukraine is occupied by Russian aggressors deny-
ing the inhabitants of occupied regions access to medical care. The humanitarian disaster
caused by Russian invasion is further exacerbated by the low functionality and viability of
healthcare facilities — many hospitals were destroyed in missile attacks and shelling, while
many clinics were abandoned due to combat activity or occupation [4].

Damage inflicted to the infrastructure and daily facilities and continuous military at-
tacks directed at the civilian populations have dramatically changed the daily life of most
Ukrainians. War related injuries and stress related pathology have affected people’s health;
they have also imposed new demands on the delivery of health care services, which had
to adjust to new realities of war time medicine. In most hospitals and ambulatory facilities
priority had to be given to trauma surgery and the care for wounded and incapacitated
people. The care for chronic disease patients had to be restructured reduced and adapted
to cover only the basic needs of the population. In this context it is quite understandable
that the war had profound effect on the oncology services and the consequences of the
practice changes that had to be instituted might not be easily assessed for some time to
come.

Laboratory testing is crucial for early diagnosis of cancer and this ancillary service is an
important aspect of prevention of cancer. It has been well established that about 70% of
clinical decisions are based on screening and diagnostics provided by laboratory services
[5]. Cytopathology plays an essential role in preventive oncology and modern medicine
cannot be imagined without the input provided by laboratory services and cytopathology
services in particular [5].

Under normal conditions, cytological specimens such as PAP smears are obtained routine-
ly for cancer screening. Non-gynecology cytopathology (NGC) specimens obtained mostly
by fine needle aspiration biopsy are an important part of the cancer diagnostic work-up
and for monitoring of neoplastic diseases, as well as for the follow up and prognostic eval-
uation of treated cancer patients [6]. Since the beginning of the Russian invasion, most
cytopathologic screening procedures (including cancer screening) in Ukraine were mini-
mized or postponed [7], jeopardizing the ability of medical personnel to provide means for
early detection of cancer. However, even so, laboratory professionals are still expected to
provide timely diagnoses for patients with suspected cancer and premalignant conditions
since the delay of diagnosis may seriously imperil their health.

We work at the CSD Lab in Kyiv, one of the largest private medical laboratories in Ukraine.
We provide a wide range of services in clinical and anatomical pathology, including cyto-
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pathology. Cognizant of our responsibilities to the society but also aware of the problems
imposed by the Russian invasion, we have tried to provide the best possible cytopathol-
ogy services in Ukraine during this war. In the present paper we analyze the function-
ing of our cytopathology services in Ukraine during the first few months of the war. We
show how the war has affected our cytopathology service and how we have adapted to the
less-than-optimal conditions to provide the essential services to our compatriots.

Methods
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We routinely collect data on all aspects of our laboratory services. These data are stored
electronically in our files. We have retrieved these records and from them we have ana-
lyzed the activities of the cytopathology laboratory before and during first 8 months of the
Russian invasion. These data were analyzed using the GraphPad Prism 8.0 software (V.
8.0.2, GraphPad Software, San Diego, CA, USA). The following parameters were used for
the assessment of the laboratory workload and performance:

1) the total number of cases in gynecological (exfoliative) and non-gynecological cytopa-
thology (NGO),

2) turn-around time (TAT) and the percentage of timely reported tests,

3) the geographic distribution of cases.

Results

Due to the immediate threat of missile attacks and combat action near Kyiv during the first
few weeks of Russian invasion, CSD Lab’s our emergency plan called for the relocation of
facilities to the Lviv area in the western part of Ukraine. The relocation of lab facilities
(including the safe accommodation for staff members) was completed by the beginning of
March 2022. Following the rearrangement of the supply chain for cytological specimens,
CSD Lab became fully operational within days of translocation providing screening and
diagnostic services at the new site.

Dynamics of cytological testing during the wartime

Before the Russian invasion, cytopathologists of the CSD Lab performed between 11000
and 13000 PAP tests per month (i.e., about 3000 cases per week) (Figure 1). Since the begin-
ning of the invasion, the number of cytological cases, including PAP and NGC was reduced
significantly, reaching the nadir in mid-March 2022. The numbers of cytology specimens
increased but remained at the level of one third from the prewar times. The relative in-
crease of NGC cytology specimens in April was more pronounced than the increased of
PAP cytology tests probably reflecting the greater need for diagnostic cytology procedures
than for gynecologic cytology screening (Figure 1).
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Figure 1. The weekly dynamics of PAP smears and NGC (non-gynecologic cytopathology) tests performed in the CSD Lab.
The onset of the war and the evacuation of the laboratory to Western Ukraine are marked by arrows.

The number of performed PAP tests and NGC tests in March and April 2022, i.e., during
the first two months after the beginning of the Russian invasion was substantially lower
compared to the same period in 2021. In March and April 2022, the number of PAP tests
was reduced to 1391 (March 2022) and 2503 (April 2022) which was 9 times (12800) and
5.5 times (11178) lower than in March and April 2021, respectively. A similar trend was
recorded for NGC specimens (Figure 2). However, in May 2022 the number of PAP tests
and NGC tests slowly increased and reached about 70% of the number of PAP tests and
NGC tests from the same period in 2021 and kept increasing till August 2022. By that time,
the total number of PAP tests and NGC tests was comparable to the pre-war figures (Figure
2). Due to renewed Russian missile attacks on civilian targets and infrastructure during
September and October 2022, the numbers of cytological specimens received in the CSD

Lab dropped again.
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Figure 2. CSD Lab cytopathology workload from January till October in 2021 and 2022.
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Maintenance of laboratory services in wartime conditions

The wartime conditions have affected many aspects of CSD Lab operations including sam-
ple collection, delivery of consumables, working hours, and work schedules. This was
reflected in the parameters measuring routinely the laboratory performance indicators,
such as TAT and the percentage of reports dispatched on time (Figure 3).

Before the invasion, cytological specimens received from Kyiv residents were processed
and reported to the senders in Kyiv and its surroundings within 2 days (48 hours) from
receipt. It took up to 3 days (72 hours) to fully process cytological specimens from other
regions of Ukraine. The overall TAT of PAP-tests was 41.62+4.11 hours, and the percentage
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of timely reports was 97.9%. During the first 2 months following Russian invasion, the pro-
cessing time for cytological specimens was extended up to 5 days. TAT was also extended
to 56.8+5.9 hours, amounting to a prolongation of the processing/reporting period by 37%.
Furthermore, the percentage of timely reports dropped to 31% for PAP tests, and 12.5%
for NGS tests relative to pre-war standards. By optimizing the transportation of cytologi-
cal samples during April 2022, the laboratory performance indices were significantly im-
proved, and by May 2022, the percentage of timely reports was 95% which was compa-
rable to the pre-war standards. However, another prolongation of TAT was recorded in
September and October 2022, albeit less significant than in March and April 2022. This
coincide with an increased level of missile attacks on civilian targets and infrastructure
which disrupted electric power and water supply and interfered with the daily logistics of
our laboratory.

Figure 3. Turn-around time (TAT index) and percentage of timely reports as indicators of CSD Lab performance in 2022.
Periods before and during the Russian invasion are separated by the red vertical line.

Geographic distribution of customers for cytological services before and during the
Russian invasion

In the prewar period CSD Lab has been receiving routinely cytopathology samples from
governmental and private clinics from all regions of Ukraine. Before the invasion, about
half of all cytopathological samples arrived from the northern regions of Ukraine includ-
ing the greater Kyiv area and the capital itself. The remaining specimens were collected
from eastern (17.4%), western (12.5%), southern (13.5%), and central (6.3%) regions of
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Ukraine (Figure 4A). During the first two months of the Russian invasion samples from
western Ukraine increased to 41% of all specimens received by the CSD Lab probably
reflecting in part the fact that the laboratory was relocated to western parts of Ukraine
(Figure 4B). The proportion of cytopathological samples from other parts of Ukraine de-
creased proportionately. The decrease was most prominent in the eastern part of Ukraine,
reflecting the severity of combat activities in that part of the country. CSD Lab offices in
cities occupied by Russians (such as Kherson, Mariupol, and Melitopil) were closed and
became nonoperational.

Since May 2022, the demand for CSD Lab services from Kyiv and other cities in northern
Ukraine increased proportionally. The number of specimens from eastern provinces re-
mained low amounting for less than one half of prewar numbers for that region. We think
that this reduced influx of cytology specimen was caused mostly by severe military activi-
ties in the eastern regions (Figure 4C-I).

Figure 4. Geographical distribution of cytopathological samples processed in CSD Lab before (A) and during 8 months
of the Russian invasion (B-I).

Discussion

The unprovoked war initiated in February 2022 by the Russians and followed by an inva-
sion of large parts eastern Ukraine and bombing of infrastructure and civil populations
in the entire country caused a major tragedy and affected the lives of all Ukrainians [8].
This humanitarian disaster was followed also by changes in the delivery of healthcare ser-
vices [9]. Due to military actions, millions of Ukrainian people had to leave their homes,
emigrated abroad, or became internally displaced in Ukraine. These population changes
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were particularly challenging for those with chronic illnesses and systemic conditions,
such as oncology care patients [10].

According to the Ukrainian National Cancer Institute (NCI), at the onset of Russian inva-
sion, about 139000 individuals in Ukraine were living with recently diagnosed cancer [9].
Many oncology patients under medical care were relocated to European countries where
they are currently treated. However, most Ukrainians suffering from malignancies still re-
side in Ukraine and need regular medical treatment. Some cancer treatment services, in-
cluding inpatient and outpatient chemotherapy, urgent surgery, and palliative care, have
been available at the Ukrainian NCI and other regional Ukrainian centers for cancer treat-
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ment [9]. Unfortunately, the services of cancer diagnostics and screening were not avail-

able in many centers for cancer treatment. Many healthcare institutions were damaged
due to missile attacks and military actions, others ceased to operate because of frequent
air raids and the risk of destruction [11]. Furthermore, many physicians and laboratory
technicians had to be relocated causing staff shortages [1].

In this paper we show that even the cytopathology services were negatively affected and
even partially disrupted by the war. This has also been demonstrated by the substantial
drop in routine diagnostics and screening services in cytopathology such as PAP tests [6,
12]. It should be noted that even before the Russian invasion, the prevalence of cervical
cancer in Ukraine was very high due to the lack of national anti-HPV vaccination and
cervical screening programs [13]. Comprehensive healthcare reforms were initiated in
2014 to mitigate these issues [7]. However, the reforms (which included financial invest-
ments in medical facilities) were disrupted by the Russian invasion. Consequently, most
“non-emergency” medical services and procedures were either postponed or suspended.
This includes cervical screening and non-gynecological cytological diagnostics.

Impaired logistics and a shortage of consumables also contributed to the lower perfor-
mance of medical laboratories throughout Ukraine. However, as demonstrated by the
example of the CSD Lab presented here, a gradual adaptation of operations to wartime
conditions is possible. As a result, the laboratory performance can be increased so that
reliable cytological diagnostics and screening can be provided to patients despite ongoing
military activities.

In summary, the Russian invasion has severely affected cytologic practices resulting in
a reduced number of PAP cytologic and non-gynecologic cytologic diagnosis. The war
slowed down the processing and reporting of cytology specimens, but these aberrations
were rapidly corrected as the CSD Lab personnel adjusted to the wartime conditions. The
uninterrupted functioning of the CSD Lab during the war is a guarantee that this laborato-
ry could resume its full-time activities once the war ends.
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