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Abstract

Background The coronavirus disease 2019 (COVID-19) pandemic has increased the use of drugs administered for mechani-
cal ventilation, leading to shortages in some countries.

Objective The aim was to identify trends in the consumption of sedatives, hypnotics, neuromuscular blockers, and opioids
used for anesthetic induction and deep sedation in hospitals in Colombia.

Method This was a descriptive, longitudinal, and retrospective study with monthly follow-up of sedative, hypnotic, opioid,
and neuromuscular blocker dispensing in 20 clinics and hospitals from January to November 2020. The frequencies of use
of each drug and variations in the institutions and intensive care units (ICUs) were identified.

Results A total of 1,252,576 units of the analyzed drugs were delivered to 79,094 treated patients, 55.0% of whom were
women (n = 43,521). The drugs with the greatest increase in consumption were rocuronium (1058% variation in March—
November) and propofol (511%). The consumption of midazolam and vecuronium initially increased, but by the end of the
study period, it decreased. Among drugs dispensed only in ICUs, 920,170 units were delivered (73.5% of the drugs dispensed
during the study), and the most often dispensed drugs were fentanyl (n = 251,519; 27.3% of the drugs used in the ICU) and
midazolam (5 mg/5 mL) solution (rn = 188,568; 20.5%). Specifically in the ICU, the drugs with the greatest increase in use
were rocuronium (19,709%), propofol (2622%), and ketamine (2591%).

Conclusion Rapid changes in the use of drugs were evident, which demonstrates the need for closer cooperation among
treating physicians, service providers, pharmaceutical managers, and state institutions to maintain a sufficient and timely

supply of critical drugs in this type of contingency.

Correct management of critically ill patients with severe
coronavirus disease 2019 (COVID-19) requires mechani-
cal ventilation.

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) pandemic significantly increased the
consumption of sedatives and anesthetics.
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1 Introduction

The end of 2019 marked the beginning of the pandemic
officially known as coronavirus disease 2019 (COVID-
19), caused by the viral pathogen severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), which has a
high transmission rate and can cause severe acute respira-
tory syndrome (SARS) [1, 2]. The pandemic led to a 91%
increase in the number of beds occupied in intensive care
units (ICUs) in cities in Colombia [3], and the number
of patients hospitalized in these departments with SARS
increased up to 90% [3, 4].

Correct management of critically ill patients with
severe COVID-19 and SARS requires the use of mechani-
cal ventilation to improve gas exchange and oxygen trans-
port to the tissues [5], which in turn requires sedation with
drugs such as midazolam, propofol, and dexmedetomidine,
opioids such as fentanyl, and, with some frequency, neu-
romuscular blockers to better tolerate the course of the
intervention [5, 6].

The increase in the number of ICU beds occupied and
in the number of patients requiring mechanical ventilation,
some of whom are overweight and require higher drug
doses, has led to a shortage of certain drugs in hospitals, as
has been reported by health teams in France [7]. Therefore,
it is of interest to determine the trends in the consump-
tion of sedative-hypnotics, neuromuscular blockers, and
opioids used for anesthetic induction and deep sedation in
Colombian hospitals during 2020, which may be useful to
improve the planning and supply of these drugs.

2 Materials and Methods

A retrospective, longitudinal, descriptive study was con-
ducted based on hospital drug-dispensing data provided
by Audifarma S.A., which included information from 20
clinics and hospitals in 14 cities of Colombia. Audifarma
S.A. is the largest drug-dispensing company in Colom-
bia, and provides medications to over 8 million people in
the country, both for ambulatory and hospital centers. All
study sites were tertiary to quaternary care level of atten-
tion and had a mean of 170 beds (range 60—405 beds).
Regarding location, four institutions were from Bogota
(20.0%), three from Pereira (15.0%), and the remaining
from 12 other cities in Colombia (Armenia, Barranquilla,
Bello, Guadalajara de Buga, Cali, Cartagena, Chia, Ibagué,
Itagiii, Manizales, Medellin, and Popayén).

The study included all data on monthly deliveries of
sedative-hypnotics, opioids, and neuromuscular blockers
in each hospital from January 1 to November 30, 2020,
to calculate the total of each drug dispensed and the total
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number of patients to whom the drugs were dispensed for
all clinics/hospitals and in ICUs. The dispensing infor-
mation includes drug name, quantity, date, hospital ser-
vice, etc. Data from all patients, of any age and sex, who
received the study medications were included.

A database was created in Microsoft Excel with the infor-
mation obtained, which included sociodemographic varia-
bles, clinic/hospital name and department, city of care, and
the dispensing of the following drugs: (1) sedative-hypnot-
ics: propofol, midazolam, dexmedetomidine, and ketamine;
(2) neuromuscular blockers: rocuronium, cisatracurium,
vecuronium, and succinylcholine; (3) opioids used for anes-
thetic induction: fentanyl and remifentanil. The quantity
(units, equivalent to each vial of the study medications) and
month of delivery were obtained for each drug.

2.1 Statistical Analysis

The data were analyzed using the statistical package SPSS
v26.0. Frequencies of use of each drug were determined as
well as the variation (percentage change) in monthly con-
sumption as well as changes between the months of March
and November because the mandatory quarantine began in
Colombia on March 25, 2020 (baseline). Percentage change
was calculated as [(final value — initial value)/initial value]
x 100.

The total number of COVID-19 cases reported in Colom-
bia during the study period was obtained from the official
figures reported by the Colombian Government [8]. This
was compared with the number of patients who received the
study medications.

The study was classified as risk-free research according
to Resolution No. 8430/1993 of the Ministry of Health of
Colombia, which indicates that risk-free research does not
require informed consent, and abided by the principles of
data confidentiality established by the Declaration of Hel-
sinki. Ethical approval was not sought for the present study
because data did not contain patient names or any data that
may individualize the person. Also, the database is owned
by Audifarma S.A., and researchers had the approval to
use it considering that no personal data from patients were
included. There was no direct contact with any patient. No
personal data (such as identifications, names, contact infor-
mation) were used. Informed consent was not necessary to
conduct this study.

3 Results

A total of 1,252,576 units of the drugs included in the anal-
ysis were delivered to 79,094 patients. Of these patients,
55.0% were women (n = 43,521).
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% Variation
March—

Number (% monthly variation)

Table 1 (continued)

Drug
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April May June July August September October November November

March

January February

4560 33%

13808

3801 (55.6)

3188 (— 1.7) 2443

3242 (41.1)

2298 (79.8)

3426 1278

3978 (9.8)

3624

Remifen-

(- 67.0)

(263.3)

(= 23.4)

(- 62.7)

(- 13.9)

tanil, 2 mg
powder for
solution

Of the drugs analyzed, the most commonly used in all
hospital departments according to the quantity delivered
were fentanyl (0.5 mg/10 mL solution) (n = 312,270;
24.9%), midazolam (5 mg/5 mL solution) (n = 236,783;
18.9%), and propofol (10 mg/mL solution) (n = 204,877,
16.4%). Table 1 shows the quantities delivered, the monthly
percentage variation, and a comparison between the months
of March and November for each analyzed drug. The drugs
with the greatest increase in consumption were rocuro-
nium (% variation March-November 1058%) and propofol
(511%). In contrast, the final consumption of midazolam and
vecuronium decreased.

Analysis of the subgroup of drugs dispensed only in the
ICU showed that 920,170 units were delivered (73.5% of
the drugs dispensed during the study), and the most com-
monly dispensed were fentanyl (0.5 mg/10 mL solution) (n
= 251,519; 27.3% of the drugs used in ICUs), midazolam
(5 mg/5 mL solution) (n = 188,568; 20.5%), and midazolam
(15 mg/3 mL solution) (n = 147,200; 16.0%). The drugs
with the greatest increase in consumption were rocuro-
nium (19,709%), propofol (2622%), and ketamine (2591%).
Table 2 shows the details of the monthly consumption and
its variation throughout the 11 months of follow-up, and
Figure 1 shows the number of patients who received any of
the five most commonly used drugs compared to the total
number of COVID-19 cases reported in Colombia.

Table 3 shows the monthly quantities delivered for the
entire institutions, excluding the ICUs. In this setting, the
drugs with the greatest increase in consumption were rocu-
ronium (166%) and dexmedetomidine (110%). Finally, in
the supplementary figure (see the electronic supplementary
material), the number of patients with the most commonly
used drugs are also compared to the total number of patients
attended in the study hospitals.

4 Discussion

The present study results reveal the changes in the frequency
of use of drugs administered for anesthetic induction and
sedation and in mechanical ventilation procedures in patients
treated in hospital departments in general and specifically
in the ICUs of a group of clinics and hospitals in Colombia
during the first 9 months of the COVID-19 pandemic. These
results show increases of more than 200% for most of the
analyzed drugs and up to 19,709% for rocuronium use in
ICUs.

Dispensing of different pharmaceutical forms of mida-
zolam showed a particular pattern due to the sustained
increase in use during the months of May—July and August
of 2020 and the subsequent decrease starting in September
due to a general shortage of the drug; an increase in the
consumption of propofol started this month. In addition,
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dispensing of fentanyl showed a sustained increase starting
g 5 in April, likely because of rescheduling of various medical-
g é % < surgical procedures, until September, followed by a marked
~E33|3 decrease in October, when remifentanil use significantly
R increased.
. _ The observed increase in propofol and remifentanil con-
-Qg :’7: sumption occurred because they were used to a greater
Qg’ s L extent together with other drugs due to the shortage of other
Z = options resulting from the increased number of patients
_ requiring invasive mechanical ventilation due to COVID-
5 = 19 in ICUs in the country [5]. In addition, it should be noted
2 2 z that remifentanil, within opioid analgesics, is preferred in
S |8~ patients with impaired renal or hepatic function and in obese
= and older adults [9]. Reports from Germany and Belgium
g ér have shown that patients with COVID-19 have required
g % higher doses of sedatives compared to patients without this
A | 2 pathology [10, 11], which could also partly explain the sig-
nificant increase in their consumption.
i The dramatic increase in the consumption of rocuronium
z [T was probably due to the difficulty in obtaining the other neu-
%ﬂ g romuscular blockers due to their shortage in Colombia (such
N as cisatracurium). A high variation in the consumption of
§ this type of medication was also reported in ICUs in France,
U with changes of more than 100% for rocuronium and atracu-
z 5 rium, and greater than 300% for cisatracurium, comparing
- March 2019 to March 2020 [12]. This study also reported
@ great variations for other molecules, such as propofol (>
S + 160%) and midazolam (> + 200%) [12]. Of note, these
§ q comparative values change according to the study periods
Sl I and the baseline chosen for comparison.
S This analysis highlights the changes in drug use that in
< some cases occurred quickly and emphasizes the need for
z g closer and more coordinated work among treating physi-
= | = cians, service providers, pharmaceutical managers, and state
_ institutions. Such coordination is necessary to maintain a
e sufficient and timely supply of critical drugs in these types
"TE_ i of contingencies, which can often exceed the forecasts and
< | = supplies of high-complexity care providers [13]. This situ-
N ation even led the Colombian Ministry of Health to recom-
= mend the use of single doses of sedatives, anesthetics, and
g g % other drugs at risk of shortages, in services other than ICUs
:§ =S | & [14]. Likewise, the Colombian Association of Intensive
g Care Medicine and the Colombian Society of Anesthesiol-
= = | O ogy generated specific documents with recommendations
& s S for the sedation and analgesia approach in the context of the
§ é 4 pandemic and drug shortages [15], which included the use
5 = of inhaled sedatives (a suggestion also reviewed by other
= g § authors [16, 17]). The call for the rational use of pharma-
é z1s | R ceutical resources was widely described in the world, taking
£ 5
2|y |EEiZ
e A g7
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% Variation
March-

Number (% monthly variation)

Table 3 (continued)

Drug
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April May June July August September October November November

March

January February

7%

3363

4462 (46.1)

3055 (26.8)

2409

2150 (68.4) 2700 (25.6) 2757 (2.1)

3150 1277

3853 (8.5)

3551

Remifen-

(= 24.6)

(- 12.6)

(- 59.5)

(- 182)

tanil, 2 mg
powder for
solution

as example some publications in Singapore [18], the United
States [19, 20], India [21], and Italy [22].

Some limitations of this type of analysis are recognized,
including that it did not consider variables related to drug
consumption such as patient age, weight, and diagnosis, or
the production and importation conditions according to the
global demand for sedatives, opioids, and neuromuscular
blockers. The use of inhaled anesthetics was also not taken
into account, which has been promoted during the pandemic
as an alternative treatment, because of the shortage of first-
line drugs, due to their practicality and cost-effectiveness
in low- and high-income countries [9, 23]. Data were only
available for the study period, and other information pre-
vious to the pandemic or during further waves was not
included.

It is evident that during the health emergency due to
COVID-19, the health systems of Colombia and the world
have faced difficulties [24]. Therefore, a priority for gov-
ernments, drug regulatory agencies, manufacturing labora-
tories, and logistics companies should be to identify these
challenges. Doing so may help to transform the manufac-
turing, import, export, and distribution systems that can
affect the provision of services and maintain supply chains
to both hospital and outpatient pharmacies. In addition
to recognizing the increased needs of healthcare person-
nel for the correct prescription and application of these
medications, it is important to strengthen risk assessment
and management plans to include the increasing need for
these and other health technologies based on integrated
information systems, epidemiological control of demand
by geographic levels, cooperation within the supply chain
with other stakeholders in permanent round-table discus-
sions, and monitoring and control of adequate resource use
based on the recommendations of scientific societies using
specific decision trees. The recognition of these risks and
methods to manage them are vital for any health system
[25].

5 Conclusion

The study data revealed trends in the use of sedative-hyp-
notics, opioids, and neuromuscular blockers. The results
showed large and rapid variations resulting from the impact
of the pandemic in Colombia during 2020. These findings
emphasized the recommendation for closer work among
treating physicians, state institutions, service providers, and
pharmaceutical managers to maintain a sufficient and timely
supply of critical drugs in this type of contingency.
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