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Abstract

Background In acute exacerbation periods of chronic obstructive pulmonary disease (COPD), patients may
experience hypoxemia or hypercapnia. Noninvasive ventilation (NIV) and respiratory stimulant drugs are used to treat
this condition. Medroxyprogesterone acetate (MPA) can cross the blood-brain barrier and cause breathing stimulation
and hyperventilation. This study was conducted to investigate the effectiveness of MPA in hypercapnic exacerbated
COPD patients and the possibility of faster weaning of patients from NIV.

Materials and methods This double-blind clinical trial was conducted on consecutive exacerbated COD patients
referred to Shahid Rahnemoun Hospital, Yazd, Iran, from February 2022 to August 2022. Through a block randomized
sampling method with a 1:1 allocation ratio, 58 eligible patients with hypercapnic exacerbated COPD on NIV were
divided into two study groups: the intervention (treated with MPA 10 mg every 8 h) and the control (treated with
placebo). The clinical and arterial blood gas (ABG) parameters were investigated in both groups.

Results Out of 50 patients, 27 and 23 intervention and control arms cases were analyzed. Although there was a
significant difference in the amount of ABG parameters during the study in each group, there was no statistically
significant difference between the two groups. Also, There was no significant difference in the total weaning rate

of the patients in the two groups. Despite the higher number of early weaning in the MPA group, no significant
difference was reported between the two groups in this regard. In addition, there was no difference between the two
groups in the rate of ICU hospitalization, the length of stay of hospitalization and ICU, and the mortality rate.

Conclusion The administration of MPA has not improved clinical and laboratory results, and MPA is not superior to
placebo in the weaning process of patients undergoing NIV.

Trial registration IRCT20190810044500N21 (01/02/2022), (https//irct.behdasht.gov.ir/user/trial/59402/view)
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Background

COPD is the third cause of death, so in 2019, it was the
cause of three million deaths worldwide [1]. This dis-
ease is characterized by chronic and irreversible airway
obstruction [2, 3]. It is associated with periods of acute
exacerbation of the disease, characterized by worsen-
ing acute respiratory symptoms in patients. It leads to
hospital or Intensive Care Unit (ICU) admission and an
increased financial burden on the healthcare system.
Patients may experience hypoxemia or hypercapnia in
acute exacerbation periods due to gas exchange disorders
requiring noninvasive or invasive ventilation in severe
cases [4, 5]. According to previous studies, despite exist-
ing treatments, the mortality rate of patients with acute
exacerbation of COPD admitted to the ICU is still high.
Treatments that can improve the results of patients are
essential from medical, social, and economic points of
view [6, 7]. Respiratory failure in these patients may be
due to the decrease in the drive of the respiratory cen-
ter, the diminished respiratory muscle strength, and the
respiratory workload elevation. Therefore, mechanical
ventilation and respiratory stimulant drugs are used to
treat this condition [5, 7, 8].

NIV is the first line in treating exacerbated COPD
patients with hypercapnic respiratory failure [9]. The
NIV in exacerbated COPD patients reduces the need for
endotracheal intubation and mortality [6, 7, 10-13].

Using respiratory agents was recommended in the
treatment of COPD patients with severe disease [14].
Many drugs have the property of respiratory stimulation,
but their use is limited due to toxicity in the clinical set-
ting [15]. One of the respiratory stimulating drugs used
in these patients is medroxyprogesterone acetate (MPA)
[16]. MPA is an oral synthetic progesterone-derived
agent. The idea of using progesterone as a respiratory
stimulant came from observations related to hyperventi-
lation in pregnant women and their menses period, which
is related to the serum level of progesterone [17, 18].
Progesterone is a steroidal hormone that is synthesized
in the ovaries by provocation of luteinizing hormone
[19]. Although many studies have revealed the relation
between respiratory stimulation of MPA and hyperven-
tilation, the precise mechanism of its action remains
unclear [20]. Due to its lipophilic properties, MPA can
cross the blood-brain barrier and cause breathing stim-
ulation and hyperventilation [21, 22]. It was shown that
MPA was able to stimulate respiration in normal per-
sons and patients with respiratory disorders [15]. MPA
increased minute ventilation in response to both hypoxia
and hypercapnia [23]. Previous studies showed that MPA
had increased the oxygen pressure and decreased the
carbon dioxide tension in the arterial blood of COPD
patients. Skatrud and Dempsey conducted a study com-
paring the effectiveness of MPA and acetazolamide in
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COPD patients. According to their findings, both drugs
led to increased PO0.1, tidal volume, and mean inspira-
tory flow in eleven out of 15 patients [24]. In a separate
study, 20 mg of MPA was administered three times a day
to 17 men and two women with COPD. The study’s find-
ings indicated that MPA improved oxygenation, reduced
PCO2, and increased PH in awake patients. However, it
did not significantly impact the patients’ sleep disorders
and only partially improved oxygenation during sleep
[25]. In a study by Daskalopoulou et al., it was demon-
strated that the administration of MPA improved the
ventilatory response to hypercapnia in COPD patients.
This led to a greater reduction in PCO2 compared to
treatment with almitrine bismesylate. The study also
revealed that MPA reduced hypoxemic episodes during
sleep [26].

The best place to initiate NIV therapy is yet to be deter-
mined; some believe it should start in the ICU, but this
is only sometimes feasible due to the need for additional
facilities and ICU beds [13, 27]. Based on our experimen-
tal observations at our hospital, we have noticed a short-
age of non-invasive ventilation (NIV) devices for patients.
Due to this shortage, it is crucial to consider alternative
medications that can promote faster recovery and wean-
ing for patients undergoing NIV. Research has shown that
in patients experiencing acute exacerbation of COPD, the
use of acetazolamide as a respiratory stimulant has led
to a reduction in the duration of NIV [28]. Based on our
research, no studies have examined the effectiveness of
MPA in patients experiencing an acute exacerbation of
COPD. Consequently, our study was carried out to assess
the effectiveness of MPA in COPD patients experienc-
ing exacerbation and to explore the potential for quicker
weaning of patients from NIPPV.

Methods

This double-blind, randomized, controlled clinical trial
(RCT) was conducted on patients with exacerbated
COPD who were referred to Shahid Rahnemoun Hospital
in Yazd, Iran, from February 2022 to August 2022.

Inclusion and exclusion criteria

This study included patients with COPD and hypercapnic
respiratory failure. The patients were classified as having
COPD based on their clinical characteristics, physical
examination, and imaging. The study included patients
with moderate, severe, and very severe COPD. The sever-
ity of the disease was determined based on the patients’
most recent spirometry results from the last 6 months.
According to the Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD) criteria, the inclusion criteria
were a FEV1 to FVC ratio less than 0.7 and FEV1 less than
80% [1, 29]. Hypercapnic respiratory failure is defined as
respiratory acidosis (pH below 7.35 and arterial blood gas
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analysis showing carbon dioxide tension (PCO2) above
50 mmHg) with or without hypoxemia.

The following groups of patients were excluded from
the study: those who were pregnant or lactating, those
who had intolerance to non-invasive ventilation (NIV),
those with cystic fibrosis or disseminated bronchiectasis,
those with Alzheimer’s disease, those who had a trache-
ostomy, those who chronically used respiratory stimulant
agents, those who used sedative drugs, those with a his-
tory of medroxyprogesterone allergy, those with decom-
pensated heart failure, liver or kidney failure, those who
needed immediate admission to the intensive care unit
(ICU) for any reason, and those with a history of using
NIV at home. Additionally, patients who required endo-
tracheal intubation during the first 24 h of hospitalization
were also excluded.

Randomization and blinding

In this RCT, 58 eligible patients were divided into
two study groups using a block-randomized sampling
method with a block size of 4 and a 1:1 allocation ratio.
Randomization of patients started from the first day of
hospitalization in the ward. There were 29 cases in the
intervention group and 29 cases in the control group.
All patients were clinically followed up daily. The treat-
ing physician, patients, and the evaluator were unaware
of the treatment assignment throughout the study until
the clinical database had been locked.

Intervention

Patients in the intervention group were administered
10 mg of medroxyprogesterone acetate tablets (manufac-
tured by Iran Hormone Pharmaceutical Company) every
8 h for 96 h. Meanwhile, patients in the control group
were given placebo tablets prepared in the Pharmaceu-
tics Laboratory of Shahid Sadoughi School of Pharmacy,
Yazd, Iran. Both groups of patients received routine
treatment for COPD exacerbation, which included anti-
biotic treatment, inhaled bronchodilator and systemic
anti-inflammatory agents, oxygen therapy as needed, and
NIV. Oronasal masks were used for NIV in all patients.
The NIV device settings were adjusted by a single pul-
monologist with eight years of experience in the medical
ICU. Noninvasive mechanical ventilation was executed
using Bilevel positive airway pressure (BIPAP) mode.
The initial default setting for starting NIV was EPAP 4 to
6 cm of water and PS 8 to 10 cm of water, which was then
adjusted based on arterial blood gas (ABG) levels two
hours later and the patient’s clinical condition. Patients’
treatment was adjusted based on their clinical conditions
and arterial blood gas parameters, were measured daily.
The nurses caring for the patients had at least six months
of experience with NIV. Additionally, all patients were
continuously monitored with cardiac and pulse oximetry.
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Outcomes

In this study, we collected demographic information
such as age, sex, comorbidities, and causes of COPD. We
also recorded spirometric indices including Forced Expi-
ratory Volume in 1 s (FEV1) and Forced Vital Capacity
(FVC), as well as clinical characteristics of the patients
using a pre-designed checklist. The clinical characteris-
tics included arterial blood gas (ABG) parameters (PH,
PaCO2, Pa02, and HCO3), Glasgow Coma Scale (GCS)
score, duration of NIV use, rate of endotracheal intuba-
tion and ICU admission, hospital and ICU length of stay,
successful weaning rate, complication and mortality
rates. Additionally, we recorded the pressures required
for noninvasive ventilation, including primary expiratory
positive airway pressure (EPAP) and primary and maxi-
mum pressure support (PS). PS is defined as the differ-
ence between the Inspiratory Positive Airway Pressure
(IPAP) and EPAP.

Successful weaning was defined as meeting the follow-
ing criteria: requiring a PS level of less than 6 cm H20,
achieving PaCO2 levels less than 45 mmHg, resolving
respiratory distress, and the patient being fully conscious.
Patients who couldn’t tolerate NIV for at least 18 h per
day were considered NIV intolerant, identified through
nursing reports. Any need for endotracheal intubation
and initiation of mechanical ventilation during hospital-
ization was considered a primary treatment failure.

The main objective of this study was to assess the effec-
tiveness of MPA in discontinuing NIV and its impact
on ABG levels. Secondary goals included evaluating the
duration of NIV, the necessity of endotracheal intuba-
tion and admission to ICU, mortality rates, as well as the
length of hospital and ICU stay.

Sample size:

Based on prior experience, we estimated a sample
size of 20 per group to detect a significant difference of
at least eight units in the average PaCO2 between two
groups using the sample size equation.

. (Z(l—%)+zlfﬁ )?25°

o (h1—p 2)2
means, the estimated sample size was increased to 22
per group to account for potential 10% attrition (a =0.05;
B=0.2).

, For comparison of the two

Ethics

The healing attempts were in agreement with the Dec-
laration of Helsinki and with local regulations and local
regulatory authorities. This study was approved by
the ethics committee of Shahid Sadoughi University
of Medical Sciences, Yazd, Iran (IR.SSUMEDICINE.
REC.1400.291), and performed by the CONSORT guide-
lines and reported the required information. The study
was registered with the Iranian Clinical Trial Registry
(IRCT20190810044500N21 (01/02/2022), https://irct.b
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ehdasht.gov.ir/user/trial/59402/view). All patients gave
written informed consent before enrollment into the
study.

Statistical analysis

Statistical analysis was performed using SPSS version
26 software. Quantitative and qualitative variables were
reported as Mean, SD, and frequency, respectively. Kol-
mogorov-Smirnov was used to analyze the normality of
quantitative variables. An independent t-test was per-
formed to compare between groups, and a paired t-test
and repeated measures ANOVA test were performed to
compare within groups. In addition, regarding qualitative
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variables, Chi-square and Fisher’s exact tests were used.
P-value<0.05 was considered statistically significant.

Results
In this RCT, 27 and 23 patients in the MPA and placebo
groups were subjected to statistical analysis. During fol-
low-up, 2 and 6 cases were excluded from the interven-
tion and control groups, respectively (Fig. 1). As Shawn
in Table 1, no significant differences were found between
the baseline demographic, clinical, and para-clinical
parameters.

In the present study, the clinical characteristics of
patients were recorded daily. The findings of ABG
Parameters three times (at the baseline, at the mid-time

[ Enrollment ]

Assessed for eligibility (n=127)

Excluded (n=69)
+ Refused to participate (n=13)

+ Not meeting inclusion criteria (n=56)

*  Opium addiction or drug abuser (n=31)

¢ Using NIPPV at home (n=9)

¢ Lack of spirometry report in Last 6 months (n=8)
*  ESRD (n=4)

¢ Decompensated heart failure (n=3)

¢ Disseminated Bronchiectasis (n=1)

Randomized (n=58)

A 4

[ Allocation ]

A

Allocated to MPA (n=29)
+ Received allocated intervention (n=29)

Allocated to Placebo (n=29)
¢ Received allocated intervention (n=29)

[ Follow-Up ]

Lost to follow-up (n=2)
¢ Endotracheal intubation in first 24 hours (n= 1)

¢ NIPPV Intolerance (n=1)

Lost to follow-up (n=6)
+ Endotracheal intubation in first 24 hours (n= 3)
+ NIPPV Intolerance (n=2)

+ Early discharge with self-consent (n=1)

v [

Analysis ]

Analysed (n=27)

Fig. 1 CONSORT flow diagram

Analysed (n=23)
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Table 1 Comparison of primary demographic and clinical variables between the two study groups
Primary Variables MPA (n=27) Placebo (n=23) P-Value
Age,y Mean+SD 64.22+9.03 66.83+12.60 040
BMI, kg/m2 23.67+3.39 2495+557 0.32
FEV1, liters 58.89+13.72 5483+16.27 0.34
FVC, liters 7211+9.14 7326+161 0.63
Smoking (Pack-Year) 4450+21.63 46.00+21.64 0.84
Exacerbation 1.00£1.00 1.35+£1.07 0.24
PS 11.30£249 11.43£259 0.84
EPAP 511257 504£3.73 0.94
Sex (Male) N (%) 24 (88.9) 20(86.9) 0.58
COPD Etiology 19(70.3) 15 (62.5) 0.69
Smoking 6(22.2) 4(17.4) 047
Occupational 3(11.1) 3(13.0 0.58
Traditional Cooking 13.7) 1(4.3) 0.71
Idiopathic
Comorbidities 16 (59.3) 12(52.2) 061
HTN 5(185) 1(4.3) 0.13
IHD 4(14.8) 2(83) 041
DM 0(0.0) 2(8.7) 0.20
CKD
GOLD Stage 21(77.8) 16 (69.6) 0.70
2 5(185) 5(21.7)
3 1(3.7) 2(8.7)
4

N: Number; SD: Standard Deviation; %: Percent; DM: Diabetes Mellitus; HTN: Hypertension; IHD: Ischemic Heart Disease; CKD: Chronic Kidney Disease; COPD: Chronic
Obstructive Pulmonary Disease; MPA: Medroxyprogesterone Acetate; BMI: Body Mass Index; FEV1: Forced Expiratory Volume in second 1; GCS: Glasgow Coma Scale;
EPAP: Expiratory Positive Airway Pressure; PS: Pressure Support; GOLD: Global Initiative for Chronic Obstructive Lung Disease; FVC: Forced Vital Capacity; y: year; kg/

m? Kilograms per Square Meter

Table 2 Comparison of ABG parameters in the three periods between the two studied groups

Variable MPA (n=27) Placebo (n=23) P-Value?
(Mean+SD)

PH Start 7.28+0.07 7.32+0.05 0.07
Mid 7.32+0.08 7.35+£0.07 0.18
End 7.37+0.10 7.39+0.04 0.54

Within groupP—Va/ueb 0.001 0.001

PCO2 Start 72.22+13.98 64.92+12.18 0.57
Mid 61.27+£14.13 57.38+11.12 0.29
End 50.14+£12.19 5236+7.38 045

Within groupP-Value® <0.0001 0.001

PO2 Start 38.83+£15.79 4596+16.89 0.13
Mid 472942484 45011714 0.71
End 50.08£26.97 52.87+17.94 0.67

Within groupP—Va/ueb 0.181 0312

HCO3 Start 33.89+7.06 33.15+4.29 0.66
Mid 30.33+£5.87 3236+4.73 0.19
End 29.41+4.30 32.03+£3.65 0.02

Within groupP-Value® 0015 0.655

2 Student’s t-test; ® Repeated Measures ANOVA

of the intervention (48 h after the start of the study), and
at the end of the intervention (96 h after the start of the
study)) were analyzed with repeated measures ANOVA.
Although there was a significant difference in the amount
of ABG parameters in each group during the study, there
was no statistically significant difference between the two

groups with Student’s t-test (Table 2). Figure 2 shows the
mean difference of ABG parameters at three different
time points of the study.

In terms of the Clinical outcome of the patients, no sig-
nificant difference was seen between the two groups. The
total weaning rate of patients in the MPA and placebo
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Fig.2 Mean Differences of ABG parameters (A: PH; B: PaCO,; C: PaO,; D: HCO;) between study Groups at different Time Points; (1: Start of the intervention;

2: Mid time of the intervention; 3: End of the intervention)

groups was 11 and 9, respectively (P-Value=0.23). Out
of the 11 cases of weaning in the MPA group, three
cases were on the first four days, and the weaning
time in 8 cases was after the fourth day of hospitaliza-
tion. In the placebo group, all nine weaning cases were
after the fourth day of hospitalization. However, there
was no significant difference between the two groups
(P-Value=0.145). During the study, 17 patients (includ-
ing 10 patients in the MPA group and seven patients
in the placebo group) needed to be admitted to the
ICU due to the deterioration of their clinical condi-
tion (P-value=0.42). The cause of hospitalization in 6
cases (60%) in the MPA group and five cases (71.4%) in
the placebo group were due to pulmonary causes, and
the remaining cases were due to non-pulmonary causes.
Other study findings showed that the maximum of PS
required ventilating to MPA and placebo groups were
16.93+3.82 and 17.17+3.35, respectively, and was not
statistically significant (P-Value=0.21) (Table 3). No
adverse effects were seen in any of the participants who
completed the treatment period.

Discussion

Various studies have investigated the use of respiratory
stimulating drugs in weaning from the ventilator [10, 30,
31]. However, limited studies have been conducted on
using these drugs in weaning from NIV [28]. According
to our findings, the current study is the first to investi-
gate the effectiveness and safety of MPA in the weaning
of Exacerbated COPD patients with hypercapnia treated
with NIV.

The current study showed that MPA is not superior to
placebo in the weaning process of patients undergoing
NIV. The administration of MPA has not improved clini-
cal and laboratory results in Exacerbated COPD patients.
Fontana et al. showed that acetazolamide improves the
clinical condition and blood gas parameters in patients
with COPD exacerbated by metabolic alkalosis treated
with NIV [28]. Despite the positive results of their study,
the number of participants in the RCT was small, and
acetazolamide was administered in only two days. Com-
pared to Fontan’s study, our study was conducted with a
larger sample size and a longer duration of medication.
Still, positive clinical and laboratory results were not
observed in the patients.

In our study, even though in the groups treated with
MPA compared to the control group, a greater number
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Table 3 Comparison of clinical outcomes between study groups
Variable MPA (n=27) Placebo (n=23) P-Value
NIV Days Mean+SD 6.37+1.88 7.26+1.86 0.62
Hospital LOS 9.63+3.11 9.30+2.93 0.99
ICU LOS 6.60+2.50 6.29+3.49 0.18
ICU Admission N (%) 10 (37) 7(304) 0.62
Cause of ICU admission COPD Exacerbation 6 (60) 5(71.4) 0.45

CVA 0(0.0) 1(14.3)

GIB 0(0.0) 1(14.3)

Empyema 1(10) 0(0.0)

ACS 1(10) 0(0.0)

AKI 1(10) 0(0.0)

PTE 1(10) 0(0.0)
Intubation 4(14.8) 1(4.3) 0.22
Mortality 2(74) 1(4.3) 0.56
Weaning 11(40.7) 9(39.1) 0.90

LOS: Length of Stay; NIV: Non Invasive Ventilation; MPA: Medroxyprogesterone Acetate; CVA: Cerebrovascular Accident; GIB: Gastrointestinal Bleeding; ACS: Acute

coronary syndrome; AKI: Acute Kidney Injury; PTE: Pulmonary Thromboembolism

of patients succeeded in early weaning from NIV, there
was no significant difference between the two groups in
this regard, and the total weaning rate was similar in the
two groups. The results in other studies about using MPA
in weaning from the ventilator have not been promising
either. Alizadeh et al. showed that the administration of
MPA in intubated patients was not associated with sig-
nificant changes in the amount of blood gas parameters
[30]. Also, there was no significant difference in the
weaning rate from the NIV, the length of hospital stay,
and the mortality rate in the group receiving MPA; how-
ever, the weaning duration decreased by 1.429 days.

Previous studies show the positive effects of MPA in
improving the laboratory parameters of hypercapnic
COPD patients. Dolly et al. showed in an RCT that the
administration of 60 mg of MPA in COPD patients for
one month leads to an improvement in oxygenation and
a decrease in PCO2 level in the awake state, but these
effects were not seen in the sleep state [25]. It should be
noted that the sample size used in this study was small,
but the dose and duration of drug use were more than
our study. Similar results have been seen in other stud-
ies about the effectiveness of MPA in COPD patients [16,
32, 33]. It should be remembered that these studies were
conducted in chronic stable hypercapnic COPD patients.
In addition to the difference in the dose and duration of
drug administration, this important point may have been
effective in the difference between the results of this
study and previous studies.

It has been shown that the mechanism of hypercapnia
in COPD patients in stable condition and acute exacer-
bation differs. The results of the studies on the state of
respiratory drive in stable COPD patients with hyper-
capnia have been contradictory. Despite the increased
respiratory drive reported in some studies [34—36], some
evidence points to a decreased drive of the respiratory

center as one of the causes of chronic hypercapnia in
these patients [37, 38]. It needs to be clarified whether the
increase in respiratory drive in these patients is propor-
tional to the increase in their respiratory work [34]. The
improvement of blood gas status with respiratory stim-
ulating drugs is probably due to the stimulation of the
respiratory center and the creation of hyperventilation in
these patients. In exacerbation, hyperactivity of the respi-
ratory drive is observed in the clinics as tachypnea in
COPD patients [37, 39]. In fact, in the acute exacerbation
of the disease, the deterioration of V/Q mismatch, bron-
chospasm, and hypersecretion leads to increased respira-
tory work in these patients [37, 40—42]. The increase in
respiratory work leads to fatigue of the respiratory mus-
cles, which cannot effectively respond to the increased
impulses sent from the respiratory center [39]. Therefore,
in these patients with increased respiratory drive activity,
more stimulation with drugs that stimulate the respira-
tory center does not help, and this lack of drug response
was also seen in our study. In this situation, reducing the
workload of exhausted respiratory muscles by positive
pressure ventilation plays a major role in improving the
performance of the respiratory system and the resolu-
tion of hypercapnia in these patients [43]. For this reason,
an additional response from respiratory stimulant drugs
may not be seen in patients under invasive or noninva-
sive mechanical ventilation. Therefore, conducting more
RCTs with a larger sample size is necessary to understand
this issue better.

Limitation

This study has several limitations. The low sample size
may have contributed to the results despite the higher
sample size than many previous studies. In addition, we
did not have any information about blood gas param-
eters and PCO?2 status of patients in stable condition
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before entering the study, and the presence or absence
of chronic hypercapnia may have been effective in the
results obtained from this study. The last point is that we
did not include patients with very severe exacerbation
of COPD requiring hospitalization in the ICU. Patients
were admitted and treated in the non-ICU department.
In this situation, they may have yet to receive complete
and direct nursing care. Due to our hospital facilities, we
had to admit patients in non-ICU departments.

Conclusion

Based on this study’s findings, administration of
medroxyprogesterone acetate in hypercapnic exacer-
bated COPD patients treated with NIV did not improve
laboratory and clinical parameters. Due to the limited
available evidence, subsequent RCT studies with a larger
sample size are recommended.
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