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Abstract

Background: The COVID-19 pandemic led to several surges in the mass hospitalization rate. Extreme increases in hospital
admissions without adequate medical resources may increase mortality. No study has addressed the impact of daily census of
ventilated patients on mortality in the context of the pandemic in a nationwide setting.

Objective: This study aimed to determine whether daily census of ventilated patients affected COVID-19 mortality rates
nationwidein Israel.

Methods: We conducted a cohort study using nationwide, public-domain, population-based COVID-19 data of hospitalized
patients from an Isragli database from March 11, 2020, until February 11, 2021. Weincluded all COVID-19 hospital admissions,
classified as mild to severe per the Centers for Diseases Control and Prevention classification irrespective of whether they were
mechanically ventilated. Outcome measures were daily death rates and death rates expressed as a percentage of ventilated patients.

Results: During the study period (338 days from March 11, 2020, to February 11, 2021), 715,743 patients contracted and were
clinicaly confirmed as having COVID-19. Among them, 5577 (0.78%) patients died. In total, 3398 patients were ventilated

because of severe COVID-19. Daily mortality correlated with daily census of ventilated patients (R?=0.828, P<.001). The daily

percent mortality of ventilated patients also correlated with the daily census of ventilated patients (R°=0.365, P<.001)—backward
multiple regression analysis demonstrated that this positive correlation was still highly significant even when correcting for the

average age or gender of ventilated patients (R?=0.4328, P<.001) or for the surge in their number. Overall, 40% of the variation
in mortality was explained by variationsin the daily census of ventilated patients. ANOVA revealed that at |essthan 50 ventilated
patients per day, the daily mortality of ventilated patients was dlightly above 5%, and it nearly doubled (10%) with 50-149 patients;
moreover, in all categories of =200 patients ventilated per day, it more than tripled at >215% (P<.001).

Conclusions. Daily mortality rates per ventilated patient increased with an increase in the number of ventilated patients,
suggesting the saturation of medical resources. Policy makers should be aware that expanding medical services without adequate
resources may increase mortality. Governments should perform similar analyses to provide indicators of system saturation,
although further validation of these results might be needed to use thisindicator to drive public policy.

(Interact J Med Res 2024;13:e41749) doi: 10.2196/41749
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Introduction

SARS-CoV-2, the causative agent of COVID-19, was first
identified on November 17, 2019, and was declared a pandemic
by the World Health Organization on March 11, 2020 [1]. The
virus is extremely contagious and the emergence of multiple
mutated strains increased its contagiousness [2]. The disease’s
severity, as observed in asmall percentage of patients, warrants
complex intensive care facilities [2]. At the onset of the
pandemic, medical systemsworldwide have been tremendously
challenged by COVID-19, leading to major disruptions in
routine hospital services, leading to chaos and exhausting reserve
medical supplies[3-6]. Excess mortality beyond expected rates
has been observed in many countries, including Israel [7].
Possibly, many potentially curable patients might have died
because medical services were overwhelmed [6-8]. However,
the extent of the impact of the saturation of medical services
on acountry’s COVID-19 mortality has not been systematically
studied, and no study has addressed the impact of census on
mortality in the context of the pandemicsin anationwide setting.
The existence of such a relationship may be suggested by the
strong correl ation reported between the number of hospital beds
per population size and COVID-19-specific mortality both in
the United States [9] and worldwide [10]. In Israel, the number
of intensive care units (ICU) beds is much lower than that in
other high-income countries such as Germany or the United
States [11,12].

We analyzed the national database of the Israeli Ministry of
Health (MOH), systematically collected and reported since
March 11, 2020, until February 11, 2021, that is, prior to mass
vaccination conducted in Isragl.

We hypothesize that daily COVID-19 mortality rates would be
directly related to the daily national census of ventilated patients,
increasing each timewith an increasein the number of ventilated
patients. Alternatively, it was also possible that because of
routine experience in treating ventilated patients in regular
wards, there would be no discernable effect of workload on
mortality.

M ethods

Study Design

In this retrospective cohort study, data were extracted from a
nationwide, official, open-access COVID-19 database of |srael
[13] and the MOH [14], specifically constructed for the purpose
of reporting and research.

Setting
We used a national, public repository database, which was

curated and made available on a government website to the
genera public for free use.

We collected datafrom all 31 general public hospitalsin Israel,
whereby clinical datawere reported to the MOH 3 times daily.
Datawere uploaded automatically through adedicated interface.
After processing and quality control testing, it became possible
to obtain a nationwide perspective of hospitalized patients.
Simultaneously, with automatic transfer of information, manual
reports were al so transmitted from hospitals for the purpose of
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quality control, as described below. Data for a particular data
werefinalized, and updated data were uploaded into the system
by midnight of any particular day. These databases were updated
every weekday, 3 times daily. The data included the daily
cumulative number of patients having tested positive for
COVID-19, new laboratory-proven cases, vaccinated people
(newly and cumulative), hospitalized patients (with mild,
moderate, or severe COVID-19), mechanically ventilated
patients with their average age and gender, and
COVID-19—elated deaths.

In addition to hospital -generated data, |aboratory dataof al new
patientswere regularly uploaded to the database through specific
interfaces between testing laboratories and MOH computers.
Inlsrael, SARS-CoV-2 positivity was confirmed via polymerase
chain reaction—based swab tests using samples obtained from
both the throat and one nostril in each patient. Testing was
conducted at designated testing sites, such as task-specific health
maintenance organizations clinics converted to testing sites,
task-specific testing tents, mobile vans, and Home Front
Command run testing compounds, in association with Magen
David Adom (the Israeli “Red Cross’) and health maintenance
organizations. In addition, patients in isolation or those who
were unable to reach the testing site for medical reasons were
tested at home. These laboratories reached a peak of >120,000
tests per day, while the Israeli population is approximately
9,300,000 [13].

To fully understand the settings of this study, one must be aware
of how the pandemic washandled in Israel. The lsragli national
health system is highly centralized and is under strict MOH
regulation. During the pandemic, and in view of the chaos
publicized in many countries whose medical systems were
overwhelmed, the MOH took the following measures (among
others): (1) throughout the whole pandemic, it facilitated the
redirection of critically ill patients among medical centers to
distribute the patient burden evenly; (2) all elective surgeries
were canceled to focus hospital activities on patients with
COVID-19—thelatter requirement was strictly followed during
the first peak of the pandemic, and was thereafter canceled to
prevent potential harm; and (3) during surges in the number of
hospitalized patients, care of critical patients (both ventilated
and nonventilated) was provided by additional physicians and
nurseswho are not related to anesthesiology or | CU departments
but have previous experience of handling ventilated patientsin
non-1CU wards; indeed, there are not enough ICU bedsin I srael
to take care of al ventilated patients, and many of them are
cared for in non-ICU wards [15]. Owing to the scarcity of
experienced physicians and nurses (some of whom were in
guarantine due to unprotected, inadvertent exposure to
SARS-CoV-2) during peaks of the COVID-19 pandemic,
additional medical personnel were assigned to coronaviruswards
after receiving a “crash” course on ventilator management. In
Israel, ICU bedsareusually occupied at arate of approximately
100%, and the overflow is taken care of on regular wards.
During the pandemic, most critically ill patientswith COVID-19
ended up being cared for in satellite units (designated
coronaviruswards) because of 100% occupancy rates of formal
ICUs, and to facilitate the isolation of these patients.
Importantly, in Isragl, there are no hospital s such asthe so-called
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“community hospitals’ (level 1 hospitals) present in the United
States, which do not contain ICUs; thus, all hospitals
contributing to this database are regional, tertiary care centers.

The period of data collection in this study was from March 11,
2020, when the database was implemented, until February 11,
2021. All hospitalized patients were followed up from exposure
and until death or discharge from the hospital (hereinafter the
“follow-up period”). As part of quality control processes, a
comparison was made between automatic and manual reports.
Gaps were checked manually and corrected as needed.
Additional checks were carried out for deceased patients, and
hospital reports and death certificates were additionally
compared to verify that the main cause of death was
COVID-19—elated.

Participants

The participants in this study were al the patients who tested
positive for COVID-19 at some point during the study period.
They were selected in accordance with alaboratory-confirmed
diagnosis as described above. The patients were classified by
the severity of symptoms: mild, moderate, and severe. Initially,
each hospital report used its own criteriafor levels of severity.
From July 12, 2020 (day 123 of the study period since the
implementation of the database on March 11, 2020), the MOH
i ssued specific definitions established by the Nationa Institutes
of Hedth [16,17]: ventilated patients were those requiring
invasive mechanical ventilation (with an endotracheal or
tracheostomy tube). Mild disease was defined as laboratory
confirmation in combination with mild symptoms (fever, cough,
weakness, and loss of taste and smell). Moderate disease was
defined as laboratory confirmation together with pneumonia
(clinical or through imaging). Severe disease was defined as
laboratory confirmation with one or more of the following: a
respiratory rate of >30 breaths per minute, oxygen requirement
of >30%,; oxygen saturationin arterial blood of <93%in ambient
air, and a ratio of arterial oxygen pressure and oxygen
requirement of <300.

Follow-Up Methods

The number of deaths was updated daily. The overwhelming
majority of patients who died were invasively ventilated prior
to dying, and several of them were even placed on mechanical
ventilation during transport to the hospital . We cannot, however,
rule out that some patientsdied prior to arriving at the hospital;
nonetheless, they were customarily ventilated by paramedics
en route to the hospital unless they belong to the very small
group of “do not resuscitate” patients because they have an
incurable disease that would potentially lead to their death within
less than 6 months (according to the Israeli “Dying Patient
Law™).

Assessments

The main outcomes of interest were whether the patient died or
not, was ventilated or not, their length of stay (LOS) in the
hospital, and the duration for which they received mechanical
ventilation. Potential confounders, predictors, and effect
modifiers were the only variables that were prospectively
collected from this database, namely gender, patients’ age, and
the daily census of ventilated patientsin Isragl.
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Data Source

The data source is the Israeli MOH'’s National COVID-19
Database, systematically collected and reported since March
11, 2020, until February 11, 2021, that is, prior to mass
vaccination that occurred in Isragl.

Ethical Considerations

The website we used is a public repository, available free of
charge to the public. It is completely anonymized and
deidentified; therefore, it was appropriate to not apply for
approval from an ethics review board. Under the federal
regulations for human subjects research (45 CFR Part 46),
research involving publicly available data setswould not require
review by an institutional review board—no application is
required—aslong asthe data are obtained from sourcesthat are
publicly available and are deidentified and uncoded as in this
study [18]. Nevertheless, sincethe datawere collectedin Israel,
the National Committee for Human Medical Research of the
Israeli MOH provided itsfull approval for the study and waived
the requirement for obtaining informed consent. The Isragli
National Committee for Human Medical Research deemed this
study exempt from ethical approval since this study involves
public data processing for the purposes of policy making and
reflecting on the national system’s dealings with the epidemic;
therefore, it does not require to adhere to the tenets of the
declaration of Helsinki.

Statistical Analysis

The Minitab Statistical Package (version 16; Minitab, LLC)
was used for analyses. Data were tested for normality and
expressed as mean (SD) or median (IQR) values as requested.
Stepwi se backward multiple regression analysiswas carried out
to determine the correlation between daily percent mortality per
group of ventilated patients (dependent variable) and the daily
census of ventilated patients (independent variable), whiletaking
into account potential confounding variables that may affect
daily percent mortality, such as mean patient age, gender, and
COVID-19 surge (surges 1, 2, or 3). This method places all the
independent variables at once in the equation, and eliminates
those found to be insignificant sequentially step by step,
repeating the operation each time until only the significant
variables remain in the final eguation. This method allows for
results that are not influenced by the order of introduction of
the independent variables. Daily percent mortality per group of
ventilated patients was calculated as the daily mortality ratein
Israel divided by the census of ventilated patients on the same
day. Independent variables entered in the regression equation
were only those found to influence (in univariate analysis) the
daily percent mortality of ventilated patients at an a value of
<.10.

Analysis of means using ANOVA was carried out to determine
differencesin the mortality rates of ventilated patientsby group
based on their number in the daily census. We arbitrarily
analyzed daily census according to 8 groups of increasing census
size: group 1 containing 1-49 ventilated patients, group 2
containing 50-99 ventilated patients, group 3 containing 100-149
ventilated patients, group 4 containing 150-199 ventilated
patients, group 5 containing 200-249 ventilated patients, group
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6 containing 250-299 ventilated patients, group 7 containing
300-349 ventilated patients, and group 8 containing 350-399
ventilated patients.

No sample size calculation was carried out as we used al the
available numbers nationwide.

Results

During the study period (338 days from March 11, 2020, to
February 11, 2021) 715,743 patients contracted and had a
laboratory-confirmed diagnosis of COVID-19. They constitute
the study population. Among them, 5577 (0.78%) patients died.

Table 1. Demographic datafor ventilated patients (N=3373).

Mendlovic & Mimouni

In total, 3398 patients were ventilated because of severe
COVID-19. We retrieved complete data (including outcomes,
gender, age, and LOS in hospital) for 3373 of them (as of this
writing, there was no determined outcome for 25 patients who
aretill ventilated). These dataare presented in Table 1. Briefly,
patients who died were older, and there were many more men
ventilated than women, but mortality among ventilated men
and women was similar (approximately one-third of patients).
LOS in hospita was much shorter among patients who died
than among those who survived. The LOS to ventilation (from
hospital admission to the end of hospital stay) was shorter for
patients who died, and the LOS from ventilation to outcome
(discharge or death) was much longer for survivors.

Gender? (maefe
male), n:n (% males)

Age? (years), mean
(SD; median; IQR)

Length of stay to out-

come (days)?, mean
(SD; median; IQR)

Length of stay to venti-

lation (days)® mean
(SD; median; IQR)

Length of stay from
ventilation to outcome
(days)?, mean (SD;
median; IQR)

Alive (n=1128; 33.44%) 60.3 (16.3; 62; 51-71)
Dead (n=2245; 66.56%) 72.2 (13.0; 74; 65-82)

721:407 (63.9%)
1487:758 (66.2%)

35.7 (29.4; 27; 15-47)
18.7 (16.5; 15; 8-25)

49(5.9;3; 1.6)
6.0 (6.6; 4; 1-8)

30.8(28.4; 22; 11-42)
12.8(15.1; 8, 3-17)

3p<.001.
bp=18.

Figure 1 depictsthe daily number of patients hospitalized every
day of the study for severe disease and the number of ventilated
patients, showing 3 surges of frequencies. Figure 2 depicts the
daily mortality per day of the study, which also shows 3 surges
of daily death rates, parallel to the surges in the number of
patients with severe disease and ventilated patients. Figure 3
shows the daily percent mortality of ventilated patients over
time, which also follows a similar pattern to the 3 peaks.

Daily mortality correlated with the daily census of ventilated
patients (R?=0.828, P<.001; Figure 4). The daily percent
mortality of ventilated patients also correlated with the daily
census of ventilated patients (R?=0.365, P<.001; Figure 5).
Backward multiple regression analysis revealed that the latter

positive correlation was still highly significant even when
correcting for the average age or gender of ventilated patients

(RP=0.4328, P<.001) or for the wave number (P>.05). Both
average age and gender remained significant (P<.001) in the
final analysis (older age and a higher percentage of females
contributing to higher mortality; Table 2). The R? value of the
correlation equation predicting the percentage mortality per
ventilated patient was at best 0.4, implying that 40% of the
variation in mortality can be explained by variationsin thedaily
census of ventilated patients. Obviously, the rest or the
variability (60%) was explained by other factors that were
probably patient-dependent (such as BMI, diabetes, or other
chronic diseases), which were not retrievable from this database.

Figure 1. Daily rates of patients with severe COVID-19 (black dots) and those ventilated (red dots) over time.
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Figure 2. Daily mortality over time.
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Figure 3. Daily percent mortality of ventilated patients over time.
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Figure4. Daily mortality rates versus the daily census of ventilated patients.
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Figure5. Daily percent mortality of ventilated patients versus daily census of ventilated patients.
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Table 2. Multiple regression analysis results showing the relative contribution of the daily census of ventilated patients, gender, and age (independent
variables) on the daily percent mortality of ventilated patients (dependent variable).

Daily censusof ventilat-

ed patients? Gender? Age? Model summary
Partial K2 0.3574 0.0275 0.0005 0.3915
Effect size (adjusted sum of squares) 3772.7 290.7 68.6 5012.5
P value <.001 <.001 .09 <.001

8A|| variables here refer to the dependent variable, that is, daily percent mortality of ventilated patients.

ANOVA (Figure 6) revealed that with <50 ventilated patients
per day, the daily mortality of ventilated patients was slightly
above 5%; with 50-149 patients, it nearly doubled (10%); and

inall 3 categories of 200 and more patients, it more than tripled
at >15%.

Figure 6. Anaysisof the mean percent mortality of ventilated patients by ventilated patients' groups (group 1: 1-49; group 2: 50-99; group 3: 100-149;
group 4: 150-199; group 5: 200-249; group 5: 250-299; group 6: 300-349; group 7: 350-399).
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Weinvestigated whether an increase in the number of ventilated
patients during a specific surge may have been related to an
accumulation of mechanically ventilated patientsfrom previous
surges. Infact, LOS or length of ventilation did not differ among
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patients who were admitted during surges 1, 2, or 3 (ANOVA
P>.05). Moreover, among 11 of 164 patients admitted to hospital
during surge 1 died during surge 2, and none died during surge
3; 65 of the 1088 patients admitted to hospital during surge 2
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died during surge 3 (together with 993 patients admitted to
hospital during surge 3)—among them, the vast magjority (n=63)
were admitted within the last 20 days of surge 2.

Discussion

Principal Findings

This is the first nationwide study demonstrating increasing
mortality with increasing demand for heath care resources
during the COVID-19 pandemic. Indeed, daily mortality rates
expressed as a percentage of ventilated patients correlated with
the daily census of ventilated patients. We do not believe that
this increase in percent mortality rates during surges was due
to the accumulation of mechanically ventilated patients who
stayed aive until but died during the following surge because
the LOS or length of ventilation until death did not differ anong
patients who were admitted during surges 1, 2, or 3, and aso
because such “leftovers’ were much less than 10% of a given
surge.

In China, higher mortality was recorded in Wuhan than in other
Chinese provinces, which is related to the rapid escalation in
the number of infected patients with insufficient accessto health
careresources[19]. In the United States, a retrospective cohort
study of a 26-hospital—integrated delivery system showed an
association between agreater percentage of COVID-19—related
admissions of hospital capacity and alower survival rate [20].
There are multiple examples in the news media describing
“accidental deaths’ due to improper care of patients with
COVID-19 [21]. To limit the dimensions of this catastrophe,
many countries had imposed lockdowns and quarantines, leading
to consecutive pesks of the pandemic [21].

Israel isgenerally considered to betechnol ogically sophisticated
[22], but its medical system is greatly stretched [23]. In a2020
report from the 37 nations bel onging to the OECD (Organisation
for Economic Co-operation and Development), |srael features
among the bottom 4 nationsin terms of acute hospital care beds
(2.2 per 1000 population), which is well below countries such
as Japan (7.8 per 1000 population) [23]. Israel aso features
among the 11 countries with the lowest numbers of both
physicians and nurses per 1000 population [23]. The Isragli
system considersitself efficient, reporting daily occupancy rates
among the highest worldwide, at 93.3% on average, second
only to Ireland among the 37 OECD countries [23]. In Isradl,
the number of ICU bedsis 4.6 per 100,000 population and 2.2
ICU beds per 100 hospital beds (reported in 2007) [11], which
is much lower than that in other high-income countries such as
Germany (24.6 hospital beds per 100,000 population and 4.1
ICU beds per 100 hospital beds), or the United States (20
hospital beds /100,000 and 9 ICU beds per 100 hospital beds)
[12]. In Israel, every winter, many patients are ventilated in
internal medicine wards because of the unavailability of ICU
beds [15]. However, in non—COVID-19 times, the mortality of
ventilated patients in non-ICU wards was higher than that of
formal 1CU beds, proving that the system might be “cheaper”
but not necessarily better [15]. There is a strong correlation
between the number of hospital beds per population size and
COVID-19-specific mortality both in the United States[9] and
globally [10]. This does not imply that more is necessarily
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better. Indeed, case-mix and ICU organization are important to
consider. Strategies for how to use ICU beds, the proportions
of mechanically ventilated versus nonventilated patients, the
availability of intermediary care, and other factors areimportant
to consider. For instance, if a country has a policy of admitting
nonventilated patients to high- or medium-care departments
instead of ICUs or transferring extubated patients to
intermediary care unitsimmediately, such a country will need
fewer 1CU beds than those that do the opposite.

Daily mortality expressed as a percentage of ventilated patients
correlated with the daily census of ventilated patients. Thiswas
true even after taking into account the average age of ventilated
patients and their gender or surge number. We suggest that the
medical system reached saturation, that is, its inability to
adequately handle complex ventilated patients. The reasons for
this saturation are multiple. We cannot currently determine
whether or not there was a shortage of specific drugs,
mechanical ventilators, oxygen, or other supplies, or ashortage
of personnel, higher patient-nurse ratios, lack of 1CU beds, etc,
but these have been reported anecdotally in the general
nonmedical literature [24]. In fact, it is highly possible that
whenever the census of ventilated patients increased, some
patients died because they could not receive proper care and
not because their disease was incurable. These data should be
considered within the context of the quasi-heroic behavior of
exhausted, overworked teams of caretakersthat performed their
duties throughout the pandemic under perilous circumstances.
Furthermore, it is highly possible that parallel increasesin the
mortality of mechanically ventilated patientswithout COVID-19
occurred during the same periods. Unfortunately, no similar
database for was maintained for patients without COVID-19,
and we were not able to verify if this occurred.

In this study, mortality was observed among approximately
two-third of patients—a number difficult to compare to that of
other countries since reported death rates of ventilated patients
with COVID-19isalso dependent upon case-mix, varying from
48% among younger patients (younger than 40 years) to 84%
among older ones (>80 years of age) [25]. It has recently been
shown that for instance, the physical manifestations of frailty
and comorbidity, particularly ahistory of cognitive impairment
and falls, may be useful inidentifying patientswith COVID-19
who need additional support during hospitalization and may be
at a higher mortality risk [26]. This may also be dependent on
noninvasive and invasive ventilation strategies. A recent
meta-analysis by Lim et a [26] estimated the mortality rate
among such patients to reach 45% on average, which is lower
than that reported in this study. In our study, the effect of the
census of ventilated patients census on daily mortality was
nearly identical during the 3 different surges, which suggests
that the SARS-CoV-2 variants, likely to differ anong the various
waves, affected mortality in a similar manner.

Worldwide, there have been reports of “spontaneous’ reductions
in critical care admissions, such as those related to stroke and
cerebral emergencies [27], accidents, emergency surgery, and
acute coronary events [28-30], which may have reduced the
ICU burden. We suspect that it may have existed in Israel as
well in particular during the first surge, but it did not reduce the
ICU burden to a point that prevented an increase in mortality
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ratesreported here. A recent study reported that the management
of critically ill patientswith COVID-19 in the United Kingdom
wasfar fromideal in numerous cases, with systematic errorsin
the measurement of height and derived ideal body weight and
delayed applications or nonimplementation of evidence-based
interventions for acute respiratory distress syndrome (in
particular, prone positioning) [31].

Our findings may not be exclusive to the COVID-19 pandemic.
For instance, Israel has not yet achieved peace with all its
neighbors, and alarge-scaleincreasein hostilities may haveled
to anumber of casualtiesthat the Israeli medical system might
not be able to handle. Israel is also located on The Great
Syria-African Rift and isat risk of major and potentially deadly
earthquakes to occur.

The major strengths of this study are the use of anational large
database, a long study period for most part of the pandemic,
and the measures undertaken for quality control. A limitation
of this study relatesto changesin some definitionsin the middle
of data collection. These changes are unlikely to influence our
main findings, in that mortality rates (regardless of severity
staging) correlated with the workload of ventilating patients.
Another limitation of this study is that the data set did not
evaluate workload in individual hospitals and individual 1CUs
(occupancy rates, staffing patterns, and hours of nursing care
per patient per day) relative to resource availability, which
somewhat limitsdrawing causal inferences. It isunclear whether
our findings are universal or change when examined in
accordance with a hospital’s geographic location or size;
however, of note, during each surge, the Israeli MOH frequently
intervened and helped individual hospitals to move patients
between hospitals to prevent maldistribution. We also provide
no data on ventilated patients in non—-COV1D-19 beds, whose
survival might also have been affected by the shift of many
medical resources from other departments to care for patients
with COVID-19; hence, we were unable to provide data on
noninvasive ventilation or the use of vasoactive drugs or even
extracorporeal membrane oxygenation that was administered
to some patients. Thisinformation would have potentially helped
stratify the complexity of health care requirements but was not
available in this database. Finally, outcomes noted were either
discharge from hospital or death, while some patients may have
died after discharge. We do not believe that withholding
strategies due to lack of bed availability may have influenced
survival since in Israel, since patients requiring ventilation are

Data Availability

Mendlovic & Mimouni

not dependent upon bed availability, and are ventilated in
non-1CU settings. Additionally, thelaw in Israel doesnot allow
extubating of a dying patient.

Recommendationsto the Health Care L eader ship

Recognizing the fact that the ability to provide adequate
intensive care and respiratory care services is a critical and
unique national resource during pandemics and other
emergencies. The use of percentage mortality or the census of
ventilated patients as a potential key tool for monitoring the
hospital system nationwide.

An information system should be constructed such that it
supports the provision of a nationwide perspective on all ICU
bedsin Isragl so asto divert patientsin emergencieswherethere
is an unusual load while smultaneously taking advantage of
the relatively short geographical distances in the country.

A multiyear program for intensive caretraining for medical and
nursing teams shoul d be devel oped, while finding solutions that
enable maintaining an adequate professional level even for
teams that have undergone intensive care training but do not
regularly work in ICUs.

Conclusions

Since this study is a noninterventional observational study, the
correlations we found (ie, an increase in the percent mortality
of ventilated patientswith an increasein the census of ventilated
patients) are concerning, and suggest, but do not prove,
causality. We specul ate that the results of this study might help
health policy makers to address medical capacities on a
nationwide scale, determine how much their system has been
affected by pandemics, and to what extent it should be
strengthened by the addition or expansion of intensive care
facilities. This should facilitate better preparation for future
pandemics, the appearance of the next mutant of SARS-CoV-2
that may be resistant to currently available vaccines, or future
events potentially resulting in a burden on the health care
system. Obvioudly, there should be abal ance between the needs
of acountry under extraordinary circumstances and needsduring
“routine” circumstances. An increase in the number of beds
might not be the only way out, especially when there are no
trained personnel to take care of patients. Increasing 1CU
training and ICU rotations of health care workers might better
prepare a country to handle alarge-scal e catastrophe.

Data are available on the Ministry of Health's World of Data’'s website [32].

Authors Contributions

JM designed the study and drafted the manuscript. FM conducted the statistical analysis and drafted the manuscript.

Conflictsof Interest
None declared.

References

1.  WHO Director-General's opening remarks at the media briefing on COVID-19 - 11 March 2020. World Health Organi zation.
2020. URL: https://tinyurl.com/y82h7bza [accessed 2021-02-25]

https://www.i-jmr.org/2024/1/e41749

Interact JMed Res 2024 | vol. 13 | 41749 | p. 8
(page number not for citation purposes)


https://tinyurl.com/y82h7bza
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Mendlovic & Mimouni

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

About variants of the virus that causes COV1D-19. World Health Organization. Feb 21, 2021. URL: https.//www.cdc.gov/
coronavirus/2019-ncov/transmission/variant.html [accessed 2021-02-21]

Maves RC, Downar J, Dichter JR, Hick JL, Devereaux A, Geiling JA, et al. ACCP Task Force for Mass Critical Care.
Triage of scarce critical careresourcesin COVID-19 an implementation guidefor regional allocation: an expert panel report
of the task force for mass critical care and the American College of Chest Physicians. Chest. Jul 2020;158(1):212-225.
[FREE Full text] [doi: 10.1016/j.chest.2020.03.063] [Medline: 32289312]

Rosenbaum L. Facing Covid-19in Italy - ethics, logistics, and therapeutics on the epidemic'sfront line. N Engl JMed. May
14, 2020;382(20):1873-1875. [doi: 10.1056/NEJM p2005492] [Medline: 32187459]

Critical preparedness, readiness and response actionsfor COVID-19. World Health Organization. 2021. URL : https.//www.
who.int/publications/i/item/criti cal -preparedness-readi ness-and-response-actions-for-covid-19 [accessed 2021-02-25]
Wang X, Zhang X, He J. Challenges to the system of reserve medical supplies for public health emergencies: reflections
on the outbreak of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) epidemic in China. Biosci Trends.
Mar 16, 2020;14(1):3-8. [FREE Full text] [doi: 10.5582/bst.2020.01043] [Medline: 32062645]

Hakla Z, Aburbeh M, Goldberger N, Gordon E. Excess mortality during the COVID-19 pandemicin Isragl, March-November
2020: when, where, and for whom? Isr J Health Policy Res. Feb 26, 2021;10(1):17. [FREE Full text] [doi:
10.1186/s13584-021-00450-4] [Medline: 33637126]

Horton R. Offline: COVID-19 and the NHS-"anational scandal”. Lancet. Mar 28, 2020;395(10229):1022. [FREE Full text]
[doi: 10.1016/S0140-6736(20)30727-3] [Medline: 32222186]

Janke AT, Mei H, Rothenberg C, Becher RD, Lin Z, Venkatesh AK. Analysisof hospital resource availability and COVID-19
mortality across the United States. JHosp Med. Apr 2021;16(4):211-214. [FREE Full text] [doi: 10.12788/jhm.3539]
[Medline: 33496664]

Sen-Crowe B, Sutherland M, McKenney M, Elkbuli A. A closer look into global hospital beds capacity and resource
shortages during the COVID-19 pandemic. J Surg Res. Apr 2021;260:56-63. [ FREE Full text] [doi: 10.1016/}.js5.2020.11.062]
[Medline: 33321393]

Thelack of intensive care bedsis general hospitalsin Israel [Articlein Hebrew]. State of Israel, Parliament's Research and
Information Department. URL: https.//fs.knesset.gov.il/global docs’'M M M/aef26d8d-f 1f 7-e411-80c8-00155d01107¢/

2 _aef26d8d-f1f7-e411-80c8-00155d01107¢ 11_9172.pdf [accessed 2021-03-26]

Adhikari NK, Fowler RA, Bhagwanjee S, Rubenfeld GD. Critical care and the global burden of critical illnessin adults.
Lancet. Oct 2010;376(9749):1339-1346. [doi: 10.1016/50140-6736(10)60446-1]

Coronavirus. State of Israel, Ministry of Health. 2021. URL : https.//www.gov.il/en/departments/topi cs/corona-main-sub
[accessed 2021-03-08]

Admissions. State of Israel, Ministry of Health. 2021. URL : https.//www.gov.il/he/pages/general -hospitalization [accessed
2021-03-08]

Simchen E, Sprung CL, Galai N, Zitser-Gurevich Y, Bar-Lavi Y, Levi L, et al. Survival of critically ill patients hospitalized
in and out of intensive care. Crit Care Med. Feb 2007;35(2):449-457. [doi: 10.1097/01.CCM.0000253407.89594.15]
[Medline: 17167350]

Final Coronavirus Disease (COVID-19) Treatment Guidelines (February 29, 2024). National Institutes of Health. URL :
https.//www.covid19treatmentquidelines.nih.gov/ [accessed 2020-03-09]

Berlin DA, Gulick RM, Martinez FJ. Severe Covid-19. N Engl JMed. Dec 17, 2020;383(25):2451-2460. [doi:
10.1056/NEJM cp2009575] [Medline: 32412710]

45 CFR 46. US Department of Health and Human Services. URL: https.//www.hhs.gov/ohrp/regulations-and-policy/
regul ations/45-cfr-46/index.html [accessed 2024-06-11]

Ji Y, Ma Z, Peppelenbosch MP, Pan Q. Potential association between COVID-19 mortality and health-care resource
availability. Lancet Glob Health. Apr 2020;8(4):e480. [FREE Full text] [doi: 10.1016/S2214-109X(20)30068-1] [Medline:
32109372

Dae CR, Starcher RW, Chang SC, Robicsek A, Parsons G, Goldman JD, et a. Surge effects and survival to hospital
dischargein critical care patientswith COV1D-19 during the early pandemic: acohort study. Crit Care. Feb 17, 2021;25(1):70.
[FREE Full text] [doi: 10.1186/s13054-021-03504-w] [Medline: 33596975]

Staff T. COVID patient dies after breathing tube detaches, staff fails to notice in time. The Times of Israel. 2021. URL:
https://www.timesofisrael.com/covid-pati ent-dies-after-breathi ng-tube-detaches-staff-fail s-to-notice-in-time/ [accessed
2021-02-25]

Bridgwater A. How Israel became atechnology startup nation. Forbes. 2020. URL: https://www.forbes.com/sites/
adrianbridgwater/2020/02/21/how-israel -became-a-technol ogy-startup-nati on/?sh=2039274b780e [ accessed 2021-03-18]
Building aresilient recovery: emerging stronger from the COVID-19 pandemic. OECD. URL: https://www.oecd.org/
coronavirus/en [accessed 2021-02-25]

Staff T. Hospitals reportedly told to prep to reuse protective gear amid shortage fears. The Times of Israel. 2020. URL:
https.//www.timesofisrael .com/hospital s-reportedly-tol d-to-prep-to-reuse-protective-gear-amid-shortage-fears/ [accessed
2024-06-11]

https://www.i-jmr.org/2024/1/e41749 Interact JMed Res 2024 | vol. 13 | e41749 | p. 9

RenderX

(page number not for citation purposes)


https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant.html
https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant.html
https://europepmc.org/abstract/MED/32289312
http://dx.doi.org/10.1016/j.chest.2020.03.063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32289312&dopt=Abstract
http://dx.doi.org/10.1056/NEJMp2005492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32187459&dopt=Abstract
https://www.who.int/publications/i/item/critical-preparedness-readiness-and-response-actions-for-covid-19
https://www.who.int/publications/i/item/critical-preparedness-readiness-and-response-actions-for-covid-19
https://dx.doi.org/10.5582/bst.2020.01043
http://dx.doi.org/10.5582/bst.2020.01043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32062645&dopt=Abstract
https://ijhpr.biomedcentral.com/articles/10.1186/s13584-021-00450-4
http://dx.doi.org/10.1186/s13584-021-00450-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33637126&dopt=Abstract
https://europepmc.org/abstract/MED/32222186
http://dx.doi.org/10.1016/S0140-6736(20)30727-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32222186&dopt=Abstract
https://europepmc.org/abstract/MED/33496664
http://dx.doi.org/10.12788/jhm.3539
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33496664&dopt=Abstract
https://europepmc.org/abstract/MED/33321393
http://dx.doi.org/10.1016/j.jss.2020.11.062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33321393&dopt=Abstract
https://fs.knesset.gov.il/globaldocs/MMM/aef26d8d-f1f7-e411-80c8-00155d01107c/2_aef26d8d-f1f7-e411-80c8-00155d01107c_11_9172.pdf
https://fs.knesset.gov.il/globaldocs/MMM/aef26d8d-f1f7-e411-80c8-00155d01107c/2_aef26d8d-f1f7-e411-80c8-00155d01107c_11_9172.pdf
http://dx.doi.org/10.1016/s0140-6736(10)60446-1
https://www.gov.il/en/departments/topics/corona-main-sub
https://www.gov.il/he/pages/general-hospitalization
http://dx.doi.org/10.1097/01.CCM.0000253407.89594.15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17167350&dopt=Abstract
https://www.covid19treatmentguidelines.nih.gov/
http://dx.doi.org/10.1056/NEJMcp2009575
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32412710&dopt=Abstract
https://www.hhs.gov/ohrp/regulations-and-policy/regulations/45-cfr-46/index.html
https://www.hhs.gov/ohrp/regulations-and-policy/regulations/45-cfr-46/index.html
https://linkinghub.elsevier.com/retrieve/pii/S2214-109X(20)30068-1
http://dx.doi.org/10.1016/S2214-109X(20)30068-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32109372&dopt=Abstract
https://ccforum.biomedcentral.com/articles/10.1186/s13054-021-03504-w
http://dx.doi.org/10.1186/s13054-021-03504-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33596975&dopt=Abstract
https://www.timesofisrael.com/covid-patient-dies-after-breathing-tube-detaches-staff-fails-to-notice-in-time/
https://www.forbes.com/sites/adrianbridgwater/2020/02/21/how-israel-became-a-technology-startup-nation/?sh=2039274b780e
https://www.forbes.com/sites/adrianbridgwater/2020/02/21/how-israel-became-a-technology-startup-nation/?sh=2039274b780e
https://www.oecd.org/coronavirus/en
https://www.oecd.org/coronavirus/en
https://www.timesofisrael.com/hospitals-reportedly-told-to-prep-to-reuse-protective-gear-amid-shortage-fears/
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Mendlovic & Mimouni

25.

26.

27.

28.

29.

30.

31.

32.

Lim ZJ, Subramaniam A, Ponnapa Reddy M, Blecher G, Kadam U, Afroz A, et al. Case fatality rates for patients with
COVID-19 requiring invasive mechanical ventilation. A meta-analysis. Am J Respir Crit Care Med. Jan 01,
2021;203(1):54-66. [FREE Full text] [doi: 10.1164/rccm.202006-24050C] [Medline: 33119402]

Heyl J, Hardy F, Tucker K, Hopper A, Marchd MJM, Navaratnam AV, et a. Frailty, comorbidity, and associations with
in-hospital mortality in older COVID-19 patients: exploratory study of administrative data. Interact JMed Res. Dec 12,
2022;11(2):e41520. [FREE Full text] [doi: 10.2196/41520] [Medline: 36423306]

Uchino K, KalikondaMK, Brown D, Kovi S, CollinsD, KhawajaZ, et al. Declinein stroke presentations during COVID-19
surge. Stroke. Aug 2020;51(8):2544-2547. [FREE Full text] [doi: 10.1161/STROKEAHA.120.030331] [Medline: 32716818]
DeFilippo O, D'Ascenzo F, Angelini F, Bocchino PP, Conrotto F, Saglietto A, et a. Reduced rate of hospital admissions
for ACS during Covid-19 outbreak in Northern Italy. N Engl JMed. Jul 02, 2020;383(1):88-89. [FREE Full text] [doi:
10.1056/NEJM c2009166] [Medline: 32343497]

Maleitzke T, Pumberger M, Gerlach UA, Herrmann C, Slagman A, Henriksen LS, et al. Impact of the COV1D-19 shutdown
on orthopedic trauma numbers and patternsin an academic Level | Trauma Center in Berlin, Germany. PL0S One.
2021;16(2):e0246956. [FREE Full text] [doi: 10.1371/journal.pone.0246956] [Medline: 33592046]

COVIDSurg Collaborative. Elective surgery cancellations due to the COVID-19 pandemic: global predictive modelling to
inform surgical recovery plans. Br JSurg. Oct 2020;107(11):1440-1449. [FREE Full text] [doi: 10.1002/bjs.11746] [Medline:
32395848]

Patel BV, Haar S, Handdlip R, Auepanwiriyakul C, Lee TM, Patel S, et al. United Kingdom COVID-I1CU Nationa Service
Evaluation. Natural history, trajectory, and management of mechanically ventilated COVID-19 patients in the United
Kingdom. Intensive Care Med. May 2021;47(5):549-565. [ FREE Full text] [doi: 10.1007/500134-021-06389-7] [Medline:
33974106]

Ministry of Health'sWorld of Data. URL : https://datadashboard.heal th.gov.il/portal /dashboard/corona [ accessed 2024-06-13]

Abbreviations

ICU: intensive care unit

LOS: length of stay

MOH: Ministry of Health

OECD: Organisation for Economic Co-operation and Development

Edited by T de Azevedo Cardoso; submitted 07.08.22; peer-reviewed by SDe Leo, B Sainz-de-Abajo, SPesild, C Zhao; comments to
author 14.11.23; revised version received 06.12.23; accepted 20.05.24; published 09.07.24

Please cite as:

Mendlovic J, Mimouni FB

Census-Dependent Mortality of Ventilated Patients With COVID-19 in Israel: Noninterventional Observational Cohort Study
Interact J Med Res 2024;13:e41749

URL: https://www.i-jmr.org/2024/1/e41749

doi: 10.2196/41749

PMID:

©Joseph Mendlovic, Francis B Mimouni. Originally published in the Interactive Journal of Medical Research
(https:.//www.i-jmr.org/), 09.07.2024. Thisis an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Interactive Journal of Medical Research, isproperly cited. The complete
bibliographic information, a link to the original publication on https.//www.i-jmr.org/, as well as this copyright and license
information must be included.

https://www.i-jmr.org/2024/1/e41749 Interact JMed Res 2024 | vol. 13 | e41749 | p. 10

RenderX

(page number not for citation purposes)


https://europepmc.org/abstract/MED/33119402
http://dx.doi.org/10.1164/rccm.202006-2405OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33119402&dopt=Abstract
https://www.i-jmr.org/2022/2/e41520/
http://dx.doi.org/10.2196/41520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36423306&dopt=Abstract
https://www.ahajournals.org/doi/abs/10.1161/STROKEAHA.120.030331?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/STROKEAHA.120.030331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32716818&dopt=Abstract
http://hdl.handle.net/2318/1742457
http://dx.doi.org/10.1056/NEJMc2009166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32343497&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0246956
http://dx.doi.org/10.1371/journal.pone.0246956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33592046&dopt=Abstract
https://europepmc.org/abstract/MED/32395848
http://dx.doi.org/10.1002/bjs.11746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32395848&dopt=Abstract
https://europepmc.org/abstract/MED/33974106
http://dx.doi.org/10.1007/s00134-021-06389-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33974106&dopt=Abstract
https://datadashboard.health.gov.il/portal/dashboard/corona
https://www.i-jmr.org/2024/1/e41749
http://dx.doi.org/10.2196/41749
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

