Original Article

©2023 NRITLD, National Research Institute of Tuberculosis and Lung Disease, Iran

TANAFFOS £)

ISSN: 1735-0344  Tanaffos 2023; 22(1): 230-235

Effect of Oral Caffeine on Weaning from Mechanical
Ventilation in Intubated ICU Patients

Seyedpouzhia Shojaei ', Alireza Ebrahimi ',
Mir Mohammad Miri !, Mehran Kouchek °,
Sara Salarian !, Mohammad Sistanizad 2,
Behnam Arabzadeh ', Nazanin Hajizadeh 3,
Padideh Ansar *

' Department of Anesthesiology And Critical Care,
Critical Care Quality Improvement Research Center,

Shahid Beheshti University of Medical Sciences, Tehran,

Iran, 2 Department of Clinical Pharmacy, School of
Pharmacy, Shahid Beheshti University of Medical
Sciences, Tehran, Iran, 3 Preventative Gynecology
Research Center, Shahid Beheshti University of Medical
Sciences, Tehran, Iran, 4 Department of Anesthesiology,

Shahid Beheshti University of Medical Sciences, Tehran,

Iran.

Received: 13 May 2022
Accepted: 4 January 2023

Correspondence to: Shojaei S

Address: Department of Anesthesiology And
Critical Care, Critical Care Quality Improvement
Research Center, Shahid Beheshti University of
Medical Sciences, Tehran, Iran

Email address: poujsh@gmail.com

INTRODUCTION

Mechanical ventilation in intensive care units is one of

Background: The role of caffeine as a brain stimulant in improving the
respiratory characteristics of patients under mechanical ventilation is unclear.
This study aimed at determining the effect of oral caffeine in helping to release
(Liberation) from the ventilator in intubated patients under mechanical
ventilation admitted to the intensive care unit.

Materials and Methods: General ICU patients with more than 48 hours of
dependency on a ventilator were randomly divided into two groups. The
intervention group received 200mg caffeine tablets twice a day through a
gastric tube, while the control group received a placebo of the same amount.
Every day, patients were assessed for the likelihood of being disconnected from
the device. If their clinical condition was deemed suitable, the device mode was
switched to spontaneous, and their Rapid Shallow Breathing Index (RSBI) was
calculated. Based on this information, a decision was made regarding whether
to proceed with weaning.

Results: Caffeine use in ICU patients significantly reduced the airway
resistance index of patients (P <0.05). However, although this drug reduced the
length of hospital stay in the ICU and the duration of intubation of patients,
these changes were not statistically significant (P> 0.05).

Conclusion: Caffeine may improve respiratory status and reduce the duration
of intubation and hospitalization in the ICU.

Keywords: Caffeine; intubation; ICU; Respiratory system; Mechanical
ventilator

lack of equipped beds in intensive care units and

mechanical ventilation facilities in hospitals, especially in

the primary measures in patient cares in situations such as
emergencies and dysfunction of vital organs, especially
respiratory disorders (1). While mechanical ventilation can
be life-saving for patients, it also has the potential to cause
various physical and psychological complications and
stress (2). It is recommended to start preparing for the
patient's removal from the ventilator as soon as they start

receiving mechanical ventilation (3). On the other hand, the

developing countries, has been an essential daily issue in
the intensive care system (4). It is important to note that 3-
10% of ICU patients require long-term mechanical
ventilation, accounting for 37-40% of ICU resources (5).
Successful isolation of patients from mechanical
ventilation depends on several factors such as age, lack of
underlying disease, nutritional status, muscle strength, and

lung function (6,7). One reason for the delay in the process



of separating from mechanical ventilation is due to a lack
of awareness and attention to the predictable
characteristics of the separator (8). When attempting to
separate from mechanical ventilation, certain parameters
are important to consider. These include arterial blood
gases, maximum inspiratory force, current volume, minute
ventilation, and respiratory rate. These factors can all
impact the success of separating from mechanical
ventilation (9-11).

Proper nutrition is one way to improve isolation
parameters for patients. Nutritious food can strengthen the
immune system and respiratory muscles (12). Tea and
caffeinated foods are commonly consumed in many
countries, particularly in Iranian culture. It is notable that
the average daily consumption of these products is
approximately 3 mg/kg among adults in the United States,
4 mg/kg in the United Kingdom, and 7 mg/kg in
Denmark (13-15).

The primary source of caffeine among various foods is
coffee beans (16). After caffeine is taken orally, it is rapidly
and almost entirely (99%) absorbed into the bloodstream
through the digestive system, penetrates quickly into the
brain, and reaches its peak plasma concentration in
approximately 30 to 60 minutes after ingestion (17). This
alkaloid belongs to the methyl family of xanthine which is
similar to theophylline and theobromine. Methylxanthines,
including theophylline and caffeine, have many benefits
including increasing respiratory center stimulation and
increasing the ability of respiratory muscles to contract
(18). In the human infant, methylxanthines including
caffeine are used to prevent and treat apnea and safe
removal of the endotracheal tube, increase minute
ventilation, and improve system capacity. It also improves
respiratory effort and reduces diaphragmatic fatigue. Early
initiation of caffeine use is associated with a reduction in
the duration of mechanical ventilation and an
improvement in short-term pulmonary outcomes (19-21).
Studies have shown the anti-inflammatory and stimulant
properties of caffeine urine (22). Caffeine has also been

shown to reduce neonatal endotracheal failure (23), reduce
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neonatal cardiomyopathy (24), and prevent intermittent
neonatal hypoxia.

This study investigates the effect of oral caffeine in
helping to separate the intubated patient from the

ventilator.

MATERIALS AND METHODS

The present double-blind clinical trial study has been
registered (Registration number: IRCT20210110049990N2)
and approved by the ethics committee in biomedical
research of Shahid Beheshti University of Medical Sciences
with code number: IR.SBMU.RETECH.REC.1400.515.
Patients admitted to the general ICU of Imam Hossein
Hospital in Tehran were included in the survey if they met
the inclusion criteria (18<Age< 80, written consent to
participate in the study, intubated patients in the general
ICU who are expected to be dependent on a ventilator for
more than 48 hours). Also, excluded criteria were:
myopathy, ischemic heart problems, cardiac arrhythmia,
neurosurgery patients, caffeine sensitivity, defect inpatient
record, and dissatisfaction. Patients were enrolled after
providing full explanations and obtaining written consent.
The research physicians were blinded to the patient group,
and the patients were blinded to the drug (double-blind).
In the end, 70 patients were included in the study and
randomly divided into two groups: intervention and

control (Figure 1).

Assessed for eligibility (n=79)

Excluded (n=9)

+ Mot meeting inclusion criteria (n=5)
—p| ¢+ Declined to participate {(n=3)

+ Other reasons (n=1)

Grouping (n= 70)

¥

1 l

Intervention {n=35)

Figure 1. Consort diagram

Control (n= 35)

In the intervention group, a dose of 200 mg caffeine

(From Karen Pharmaceutical co) was given to patients
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every 12 hours for 5 days, through the gastric tube. In the
control group, placebo capsules were administered
precisely same as the above intervals. Then, variables were
measured during the study period. All statistical analysis
performed with a level of significant 0.05 using Stata
software (Version 17.0, StataCorp, College Station, Texas,
USA).

RESULTS

A total of 79 patients participated in the study between
20 August 2019 and 20 August 2020. Of whom, 70 (78.65%)
with an average age of 70.85 years, provided complete data
on variables included in the present analyses. According to
Table 1, 52 (74.28%) of all individuals were men and 18
(25.71%) were women. No significant difference was
observed between the two groups regarding their
demographic data (p>0.05) (Table 1).

Table 1. Evaluation of the demographic conditions of the patients

INDEXES Control Intervention P-Value
Age (year) (mz SD) 69.2+15.0 72.51%£16.0 0.4702
Gender (Male) (n) 27(77.14%) 25(71.42%) 0.137
Height (m+ SD) 172435719  174.01£58.09 0.137
Weight (m+ SD) 73.63+31.05  71.84+29.23 0.093
Tobacco (n) 24 (68.57%) 6 (42.85%) 0.069
Opium (n) 2 (5.711%) 1(2.85%) 0.064
APACHE 2 score (m SD) 9.89+4.23 9.21+4.18 0.107

Accordingly, 29.33% of patients had a history of COPD.
However, asthma, bronchiectasis, pneumonia, and
atelectasis were the most common underlying diseases. No
significant difference was observed between the two

groups in this regard (p>0.05) (Figure 2).
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Figure 2. Evaluation and comparison of factors causing ICU hospitalization in
patients

Based on the results in Table 2, RR (respiratory rate),
EX-V (expiratory volume), VT (tidal volume), peak
pressure, and plateau pressure were evaluated in two
groups. No  noticiceable

(P> 0.05) (Table 2).

changes were seen

Table 2. Evaluation and comparison of assessment indicators of respiratory
status and hemodynamic indicators in the patients

Indexes Control (m+ SD) Intervention (m+ SD)  P-Value
RR 19.75£3.9 20.5143.5 0.595
EXV 0.510.09 0.4840.1 0.093
VT 476.21+98.24 474.44+103.71 0.168
Peak pressure 22.94+9.21 23.33+8.96 0.127
Plateau pressure 19.5946.71 20.03+11.03 0.100

Based on the results in Table 3, respiratory indicators
are shown during day 1, day 2, day 3, and day 4 of
intubation in two groups. The airway resistance index in
the intervention group decreased significantly over time
(day 2, day3, and day4) (P <0.05). Other indicator did not

show a significant change over time (Table 3).

Table 3. Comparison of indicators of respiratory and hemodynamic status in
patients using ANOVA test

Control Intervention P-value
RSBI
1 40.6(19.00) 42.77(21.30) 0.184
2 39.33(18.97) 41.50(21.10) 0.161
3 37.71(18.26) 40.84(19.97) 0.083
4 37.05(19.07) 38.19(19.23) 0.235
PEEF
1 5.62(1.26) 5.51(1.93) 0.315
2 5.13(1.61) 5.03(1.29) 0.130
3 4.18(1.07) 4.03(1.01) 0.090
4 3.45(0.98) 3.37(0.86) 0.187
PSUPP
1 13.37(4.23) 12.96(6.70) 0.185
2 12.40(5.01) 12.22(4.8) 0.301
3 11.43(4.25) 11.33(4.61) 0.470
4 10.54(4.02) 10.44(3.98) 0.410
Compliance
1 34.62(17.23) 33.31(17.01) 0.260
2 36.30(18.73) 35.67(17.90) 0.198
3 36.71(17.84) 35.88(18) 0.183
4 41.180(19.34)  38.08(17.25) 0.062
Airway resistance
1 0.05(0.01) 0.05(0.01) 0.823
2 0.15(0.08) 0.04(0.01) 0.037
3 0.09(0.02) 0.03(0.00) 0.049*
4 0.10(0.07) 0.04(0.00) 0.049*
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According to the results in Figure 3, the patients in the
intervention group underwent intubation for an average of
9.92 days and were hospitalized in the ICU for 15.33 days,
while the duration of intubation for patients in the control
group was 10.64 days and the time of ICU stay was 15.62
days.
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Figure 3. Comparison of hospitalization and intubation duration in the ICU
patients

DISCUSSION

This randomized trial evaluated the effect of oral
caffeine administration on the duration of mechanical
ventilation. According to the results of the present study,
the airway resistance index in patients receiving caffeine
has significantly decreased. On the other hand, although
the duration of ICU hospitalization and intubation
duration in patients undergoing intervention did not
change significantly, however, a decrease in the numerical
average of these two indicators was observed in this group.

Many studies have shown that increasing the length of
hospital stay and intubation of patients can be related to
their mortality rate. A large retrospective cohort study also
reported higher mortality in the group with late caffeine
consumption (24). However, as noted by the authors of
that study, this difference may be partly explained by the
survival bias in the late caffeine group, i.e., although all
patients in the primary group received caffeine, only those
in the early days received caffeine after hospitalization
survived. Late caffeine consumption is a standard
procedure by prescribing caffeine bolus before intubation
in most centers (25).

Chapman and Mickleborough have shown that the use

of caffeine has increased athletes' precise ventilation at rest
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and in all types of exercise volumes (26). Also, as a result of
this increase in ventilation, the amount of oxygen
saturation in the blood has increased. Even in non-athlete
studies, caffeine has been found to stimulate respiration by
enhancing the sensitivity of environmental chemical
receptors (27).

The effects of caffeine on improving asthma symptoms
in adults have also been shown (28). According to the
report of Hassanein et al., the oxygen saturation levels in
the blood of neonates improved after receiving injectable
caffeine. Additionally, this treatment was found to reduce
the duration of their stay in the intensive care unit (29). In
their study, Hoecker et al. found that when preterm infants
began consuming caffeine, 6 out of 8 infants who were on
mechanical ventilation were able to remove their
endotracheal tube within 23 hours after consumption (30).

Studies have shown that caffeine is as effective as
injecting theophylline or aminophylline in improving
patients' breathing. But, it can be used safer and easier; it
has even better healing properties. Therefore, it is preferred
in the treatment of neonatal apnea (31,32).

In the present study, several respiratory characteristics
were measured and the effect of caffeine on them was
investigated. So, it is useful to study the effects of caffeine
on more respiratory indicators and its subsequent
consequences. It seems that more research is needed to
investigate the effect of caffeine on respiratory
characteristics and physical and mental conditions in
patients with various disorders and to evaluate its
consequences. Further research is also needed to ensure
that caffeine consumption is safe in adult patients,
especially those with mechanical ventilation hospitalized

in the ICU.

CONCLUSION

The use of caffeine to decrease the duration of
intubation in intensive care unit patients has shown some
positive effects like reducing hospital stay and intubation
time. However, these benefits were not significant enough.

To improve outcomes, larger sample sizes and higher
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doses of caffeine may be necessary, which could lead to

better treatment protocols.
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