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Abstract

Background: The new coronavirus led the world into the pandemic known as COVID-19. Still, without any effective treatment, oxygen therapy
is the most used treatment for patients. Without proper management of this medicinal gas, lives can be lost for lack of it. Aim: Find an indicator
of a strong correlation with oxygen consumption. Methods: A single-center retrospective study, that evaluated the oxygen consumption billing
data and patient-day indicator of Central Institute of HCFMUSP between 2019 and 2020. Results: A total of 380,245 patient days were
analyzed. A strong correlation was identified between oxygen consumption and patient day with invasive mechanical ventilation (0.92). An
average of 41.6 (x 7.8) cubic meters per patient day with invasive mechanical ventilation was found. Conclusion: There is a strong correlation
between oxygen consumption in cubic meters and patient days with invasive mechanical ventilation at the Central Institute of HCFMUSP. The
average values of consumption per patient day can help in planning oxygen management in other hospitals.
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Introduction COVID-19 that prompted the World Health Organization (WHO)

to declare a pandemic, named COVID-19, on March 11, 2020, ™
The sudden surge of severe acute respiratory syndrome coronavirus has at;fected the health management of countries around the
(SARS-CoV-2), caused by a novel RNA coronavirus named world'.
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Still without an effective treatment, since the beginning of
the pandemic, the use of oxygen has been the most used therapy to
treat patients *, and sustainable access to oxygen has been a
challenge in low- and middle-income countries ©°!.

In these countries, hospitals are running out of oxygen,
which makes the management of this supply essential for the
healthcare of patients affected by COVID-19, where its lack can
mean loss of life *7,

Despite this importance, there is little data on the
consumption of this material in hospitals, which could be used for
planning and action in times of health crisis.

To fill this knowledge gap, the authors carried out a survey
of oxygen consumption at the Central Institute of Hospital das
Clinicas of the University of Sdo Paulo School of Medicine
(HCFMUSP) and correlated it with one of the most common
indicators of hospital management, the patient day.

Objective

This study aims to seek a correlation between oxygen consumption
and the patient day and look for an index that can be used for
planning the use of oxygen by hospitals.

Methods

Study Type
This is a single-center retrospective study.

Study Setting

The study was carried out using Oxygen consumption billing data
and the Patient-Day indicator of the Central Institute of
HCFMUSP.

Population and Sample

A survey of oxygen consumption billing and amount regarding
patient-days was conducted in the Central Institute of HCFMUSP
between the periods January 2019 to December 2020.

A total of 380,245 patient-day, all anonymous, were found.
For each patient-day was checked the use of invasive mechanical
ventilation was by medical order from the electronic medical
record (EMR).

Data Collect and Analysis
The data was extracted in Excel version 2010 Microsoft Inc® from
the Billing System and EMR.

Excel’s Pivot Table was used for calculating the mean,
percentages, standard deviation e correlation.

Variables
Oxygen consumption is taken from the billing system in cubic
meters by month.

Patient day and patient day with invasive mechanical
ventilation by medical order is taken directly from the EMR and
grouped by corresponding month.

A rate of invasive mechanical ventilation (RIMV) was
obtained by dividing the patient day with invasive mechanical
ventilation by the total patient day of the corresponding month.

Oxygen consumption per patient day with invasive
mechanical ventilation was obtained by dividing the total oxygen
consumed in cubed meter by the total patient day with invasive
mechanical ventilation of the corresponding month.

Results

Patient-Day and Invasive Mechanical Ventilation

As shown in Table 1, in 2019, the rate of invasive mechanical
ventilation (RIMV) inpatient days ranged between 9% to 12%, as
well the first quarters of 2020, ranging between 12% to 14%. As
soon as the COVID-19 breakout in Sao Paulo, the RIMV increased
to 41% in April, peaking at 48% in the months June and July, with
a gradual decrease down to 16% in December of 2020.

Table 1: Patient day, a patient day with the use of invasive mechanical ventilation and rate of use of invasive mechanical ventilation

along 2019 to 2020

Year Month Patient Day Patient Day with IMV RIMV

2019 January 17.899 2.045 11%
February 16.940 1.706 10%
March 17.990 1.658 9%
April 17.969 1.935 11%
May 18.593 2.036 11%
June 17.531 1.764 10%
July 18.634 1.914 10%
August 18.695 2.003 11%
September 17.865 1.838 10%
October 17.552 1.760 10%
November 16.848 1.574 9%
December 16.731 1.993 12%

2020 January 18.247 2.114 12%
February 16.371 1.821 11%
March 15.398 2.083 14%
April 9.556 3.962 41%
May 15.603 6.738 43%
June 15.124 7.202 48%
July 10.353 4.923 48%
August 8.312 3.001 36%
September 12.345 2.515 20%
October 15.110 2.111 14%
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November

15.297

2.105 14%

December

15.282

2.413 16%

IMV = invasive mechanical ventilation

RIMV = Rate of invasive mechanical ventilation

Oxygen Consumption
As shown in Table 2, the oxygen consumption ranged from 65
thousand cubic meters to 80 thousand cubic meters in 2019, and

increased along the months of 2020, peaking at 240 thousand cubic
meters in June of 2020 and ending 2020 at 142 thousand cubic
meters in December.

Table 2: Oxygen Consumption, Patient Day, and Patient Day with invasive mechanical ventilation along 2019 to 2020 by month.

Year Month Oxygen Consumption in a cubic meter Patient Day Patient Day with IMV

2019 January 76.924 17.899 2.045
February 73.428 16.940 1.706
March 69.314 17.990 1.658
April 69.726 17.969 1.935
May 80.010 18.593 2.036
June 70.343 17.531 1.764
July 67.874 18.634 1.914
August 79.392 18.695 2.003
September 66.949 17.865 1.838
October 75.793 17.552 1.760
November 65.715 16.848 1.574
December 75.382 16.731 1.993

2020 January 86.590 18.247 2.114
February 72.191 16.371 1.821
March 90.292 15.398 2.083
April 123.301 9.556 3.962
May 205.441 15.603 6.738
June 240.107 15.124 7.202
July 169.121 10.353 4.923
August 159.667 8.312 3.001
September 131.975 12.345 2.515
October 111.619 15.110 2.111
November 117.389 15.297 2.105
December 142.604 15.282 2.413

IMV = invasive mechanical ventilation

Applying the correlation test for the variable oxygen consumption

was obtained a result of -0.60 when matching with the variable
patient day, and 0.92 when matching with the variable patient day

with invasive mechanical ventilation Indicating that the variables

oxygen consumption and patient day with invasive mechanical
ventilation have a strong positive linear correlation (Table 3).

Table 3: Correlation of Oxygen Consumption with Patient Day, and Correlation of Oxygen Consumption with Patient Day with invasive
mechanical ventilation.

Variables

Correlation (R)

Oxygen Consumption and Patient Day

-0.60

Oxygen Consumption and Patient Day with IMV

0.92

IMV = invasive mechanical ventilation

Due to the strong positive linear correlation, a patient day with
invasive mechanical ventilation was used to obtain the index
oxygen consumption per patient day.

As shown in Table 4, the consumption ranged from 35.5 to
43.1 cubic meters per patient day in 2019. And in 2020, ranging
from 30.5 to 43.3 cubic meters per patient day until July, with an

increase in the last five months, ranging from 52.5 to 59.1 cubic
meters per patient day.

The average oxygen consumption was 41.6 (+ 7.8) for the
2019 and 2020 periods, 39.3 (+ 2.7) in 2019, and 43.9 (= 10.4) in
2020 (Table 5).

Table 4: Oxygen Consumption along 2019 to 2020 by month and per patient day with invasive mechanical ventilation.

Year Month Oxygen Consumption in a | Patient Day with | Oxygen Consumption per
cubic meter IMV Patient Day with IMV
2019 January 76.924 2.045 37,6
February 73.428 1.706 43,0
March 69.314 1.658 41,8
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April 69.726 1.935 36,0
May 80.010 2.036 39,3
June 70.343 1.764 39,9
July 67.874 1.914 35,5
August 79.392 2.003 39,6
September 66.949 1.838 36,4
October 75.793 1.760 431
November 65.715 1.574 41,8
December 75.382 1.993 37,8
2020 January 86.590 2.114 41,0
February 72.191 1.821 39,6
March 90.292 2.083 43,3
April 123.301 3.962 31,1
May 205.441 6.738 30,5
June 240.107 7.202 33,3
July 169.121 4,923 34,4
August 159.667 3.001 53,2
September 131.975 2.515 52,5
October 111.619 2.111 52,9
November 117.389 2.105 55,8
December 142.604 2.413 59,1

IMV = invasive mechanical ventilation

Table 5: Oxygen Consumption per Patient Day with invasive mechanical ventilation per periods

Year 2019 and 2020 2019 2020
Mean 416 39,3 439
SD 7,8 2,7 104

Discussion and Analysis Conclusions

The wvariable with the greatest comparison for resource
consumption in the hospital is the patient day. A patient day is a
unit of measure that represents the care provided to an inpatient
during a hospital day .

It is a widely used measure in the area of hospital
management based on the construction of other indicators to assess
productivity in hospitals [/, or for team sizing °!.

This way, when the indicators are simple to obtain and easy
to understand, it helps managers in the art of hospital
administration, from its planning to its execution [,

Having a strong correlation between oxygen consumption
in cubic meters and patient day with invasive mechanical
ventilation, the average value of 41.6 cubic meters of consumption
per patient day with invasive mechanical ventilation opens away in
hospital management of medicinal gases, instead of the common
Vendor Managed Inventory Supply Chain System model ™%,

With this average value found, it can be estimated, for
example, in a field hospital with 1,000 beds for COVID-19, a tank
of 50 to 60 thousand cubic meters per day is needed. As the lack of
oxygen in a crisis like COVID-19 can mean loss of life,
contingency measures such as one or two reserve tanks of the same
size can be planned.

Therefore, the importance of this indicator of oxygen
consumption per patient day with invasive mechanical ventilation.

Limitations

This study is based on a single-center experience and results may
not be widely generalizable.

The 2-year study period is short and it is not possible to
state the result of the long-term average, being necessary the
elaboration of further studies and future research.
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There is a strong correlation between oxygen consumption in cubic
meters and patient days with invasive mechanical ventilation at the
Central Institute of HCFMUSP.

The average values of consumption per patient day found
can help in planning oxygen management in hospitals.
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