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Abstract

Introduction:
Hypertensive crisis de�nes as a sudden rise in blood pressure that can adversely affect the vital organs.
As such, it is recommended to take midazolam to lower the blood pressure in patients of hypertensive
crisis. This study aims to investigate the midazolam e�cacy as an emergency care to control the blood
pressure in patients diagnosed with hypertensive crisis.

Methods
The current paper represents a double-blinded clinical trial study that examines the patients of the
hypertensive crisis who referred to Imam Hossein Hospital of Shahroud, 2018. Patients with
systolic/diastolic blood pressure greater than 180/110 mm Hg and with healthy vital organs were
selected randomly and divided into three groups of 43 participants. All patients’ blood pressure in both
arms, and after a period of 10 minutes in the left arm, was checked and was checked again after
administering the medication for 4 times of 15 minutes till 1 hour complete. IBM SPSS Amos 23 was
implemented. One-way ANOVA, Chi-Square and Repeated measure tests were performed to carry out
statistical analysis. The level of signi�cance of 0.05 was considered.

Results
in the group of midazolam, it was observed a reduction of 20.6% (P = 0.024), 17.4% (P = 0.001), and
19.1% (P = 0.009) for the systolic blood pressure, diastolic blood pressure, and blood pressure average,
respectively. In such case, it was also indicated to be a signi�cant difference of the reduction before and
after the treatment. The group of captopril showed a decrease of 19.9% (P = 0.001), 13.5% (P = 0.008),
and 16.7% (P = 0.001) for the systolic blood pressure, diastolic blood pressure, and blood pressure
average, respectively. It was also observed to be a signi�cant difference in reducing the blood pressure
before and after the treatment. The group of midazolam and captopril showed the greatest reduction of
blood pressure before, in the middle, and after carrying out the treatment methods. As such, systolic
blood pressure, diastolic blood pressure, and the blood pressure average changed to the reduction of
23.5% (P = 0.047), 17.4% (P = 0.021), and 20.5% (P = 0.031), respectively. No signi�cant difference was
observed among these three groups (P = 0.239).

Introduction
Hypertension can mainly risk cardiovascular and non-communicable diseases. Some factors including
life expectancy, health care improvement, and appropriate treatment serves to increase hypertension
prevalence (1, 2). In developed countries, nearly 20 to 30 percent of adults are suffering from
hypertension (3) Some previous studies reported a 10 to 17 percent incidence of hypertension for the
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eastern Mediterranean and middle east countries (4). Nowadays, hypertension and cardiovascular
diseases are increasing in Iranian people. Results of studies in 2006 revealed that the hypertension
prevalence is 23.13% in Iranian population aged 25–64 years (5, 6). World health organization estimates
that 1 in 8 cause of death is due to hypertension. It is also known as the third biggest risk factor for death
(7).

Hypertension may also pose a major problem by emerging ‘hypertensive crisis’ in its patients. Only 1
percent of patients potentially meet a hypertensive crisis (8). In patients with hypertensive crisis, this
problem acts to suddenly rises blood pressure that may or may not injure vital organs such as heart,
kidney, brain, and eyes. Patients’ blood pressure should be lowered within minutes to hours under that
condition. Therefore, appropriate treatment serves crucially as a controller of blood pressure (9, 10). Any
immediate and appropriate lack of dealing over hypertension crisis results in early death due to kidney
failures (11).

Patients of hypertensive crisis are administered either with oral or sublingual medications. Till 1996, it
was instructed to administer nifedipine as emergency care for patients of high blood pressure (12–15).
Later, studies revealed and recommended to use the captopril (16) over nifedipine due to the harmful and
deadly effects of nifedipine including sudden fall in blood pressure, brain and heart ischemia, and sudden
death. Besides, other studies proved the bene�cial affects this medication show (17, 18). Both nifedipine
10 mg and captopril 25 mg indicated to lower blood pressure almost similarly according to the studies.
As a sublingual tablet, however, captopril showed no serious side effects. It should be noted that
nifedipine can lower the pressure of blood more immediate than captopril, which this can also make this
medication to its fatal side effects (19, 20). However, nifedipine and captopril can only display the blood
pressure control, means that their e�cacy strongly depends on their half-life. Therefore, it highlights the
importance of those medications that can prevent hypertension reoccurrence by controlling the
underlying mechanism such as stress in patients. They can also ensure the effectiveness by affecting the
psychological systems. In this de�nition, sedative and antianxiety medications such as benzodiazepine
can help considerably (21, 22). Midazolam, a new benzodiazepine, can decrease the pressure of blood by
taking the anxiety as well as stress into control. Midazolam can also help patients with immediate
actions. However, a few studies have investigated the clinical effectiveness in midazolam on blood
pressure (23). Some side effects such as airway obstruction are expected if the medication is exceeded
the stated doze (24). Midazolam is maintaining its popularity as emergency care for the fast action, short
elimination time of half-life, minor side effects, and the low cost (25). However, a comparative study of
intervention methods is required to provide evidence in case of the effectiveness of midazolam. This
paper, thus, compares the e�cacy of controlling blood pressure in both midazolam and captopril
administration in patients diagnosed with hypertensive crisis.

Methods

Study design
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The present study is a double-blind randomized clinical trial (RCT) performed on patients with
hypertensive crisis presenting to Imam Hossein, Shahroud, Iran, from December 2018 to May 2019, to
evaluate the e�cacy of midazolam in control the blood pressure in patients diagnosed with hypertensive
crisis. The study protocol was approved by ethics committee of Shahroud University of Medical Sciences
under the number IR.SHMU.REC.1397.076 and registered on Iranian registry of clinical trials under the
number IRCTID IRCT20181010041299N1. Researchers adhered to the principles of Helsinki ethical
recommendations and con�dentiality of patients’ information throughout the study period.

Study population
All adult patients with hypertensive crisis were enrolled in our study. The sampling was convenient and
we used random allocation software. We enrolled 129 patients based on our inclusion criteria; Patients
with a systolic and/or diastolic blood pressure greater than 180/110 mm Hg, aged between 18–80 years
were included in this study and asked to sign the informed consent by stating their agreement. Patients
with the left-sided chronic heart failure, chronic renal failure, cardiovascular diseases, history of brain and
heart stroke, usage of benzodiazepines during the last week, usage of muscle relaxation medications
such as baclofen or antianxiety medications such as zolpidem or buspirone, allergy to
captopril/midazolam, pregnancy and infant, an acute hypertension condition in which doctor prefers
rather midazolam and captopril, and patients with a difference of 15 mm Hg for blood pressure indicated
by each arm were excluded.

Based on Yilmaz et al study (26), for each group after the calculation of systolic blood pressure deviation
and mean score in the patients who were administered by captopril and midazolam, and the signi�cant
level of 0.05 and the power size of 80%, the total sample size reached the number of 129 by considering
10% loss of our samples. Thus, each group of treatment added 43 more participants to investigate.

Intervention
Comparison was performed for the two main drugs, captopril orally (25 mg) (Exir Pharma Co, Tehran,
Iran) and midazolam intramuscularly (1 mg) (Exir Pharma Co, Tehran, Iran). This research, on the other
hand, employed two placebos including vitamin B and distilled water instead of captopril and midazolam,
respectively, for patients to receive.

Using randomization software, individuals were divided into three treatment groups. Patients who agreed
with the informed consent were randomly chosen to participate in one of the groups of treatment. In
Control group (captopril tablets and injected placebo distilled water), Intervention group 1 (midazolam
injection and placebo vitamin B tablets) and Intervention group 2 (midazolam injection and Captopril)
was prescribed. For blinding patients and analyzing the type of drug used in each individual, a placebo
was used, and each medical group was assigned a code that only an emergency specialist could
interpret.

Procedure
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Data of the patients’ information were collected based on a questionnaire the represents two sections.
The �rst section asks for demographic information such as age, location, and sex. The second one
represents patients with the required information on the procedure of treatment including
systolic/diastolic blood pressure, pulse and breath rate, side effects, etc.

All patients’ blood pressure in both arms, and after a period of 10 minutes in the left arm, was checked by
the nurse doing the shift work. Blood pressure in patients was also checked while laying them on the bed
and on the standard basis, using a mercury manometer. If a patient was reported to have a greater
systolic and diastolic blood pressure greater than 180/110 mm Hg after the period of 10 minutes or more,
the patient must be transferred to one of the groups of treatment after revising exclusion and inclusion
criteria by the medicine specialist. The patients in each group of treatment were given medications in
accordance with the treatment protocols stated. On the standard basis, all Patients blood pressure were
checked for 4 times of 15 minutes after administrating treatment methods to compare them in details. If
patients experience any side effects after giving them any speci�c medication and in the middle of
checking the blood pressure, the patient should visit the medicine specialist for the required treatment
and stop attending the study. In the case of lack of success to lower patients’ blood pressure after
checking the blood pressure for the last time, it was instructed to employ other treatment methods to
control the pressure of blood in the patient and to avoid giving the medications investigated in this study.

Outcome
This study mainly focused on the outcome of blood pressure in patients. The secondary outcome that
was investigated was about the side effects cause of the treatment methods. To calculate the mean
arterial pressure, the systolic and diastolic blood pressure was calculated by the sum of systolic
pressures and two times of diastolic pressure divided by the number of three. The nurse specialist
checked the patients for the interval of 15 minutes to give the required medications to patients in the case
of developing some side effects in them, including drowsiness and shortness of breath.

Statistical Analysis
Data were analyzed using SPSS software version 16 and with intention to treat analysis method. One-
way ANOVA, Chi-Square and Repeated measure tests were used for comparisons. Normality of the data
was measured by the KS test. In this study, p = 0.05 was considered as signi�cance level. Findings were
presented as mean ± standard deviation or frequency and percentage.

Results
This study investigates 129 patients including 45 males (34.9%) and 84 females (65.1%). The number of
106 (82.2%) patients' lives in the city and 23 patients (17.8%) live in the village. The average age of the
participants is 61.76 ± 11.44 year. As Table 1 shows, no signi�cant difference is observed among the
groups of treatment in terms of sex type (P = 0.398), location (P = 0.809), age (P = 0.634), history of
diseases (P = 0.858), and history of blood pressure (P = 0.956) (Table 1).
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Table 1
Patients Characteristics in the treatment groups.

Variable Midazolam
group

Captopril
group

Midazolam and
Captopril group

Level of
Signi�cant

Number
(percent)

Number
(percent)

Number

(percent)

Sex Male 18 (41.9) 15 (34.9) 12 (27.9) 0.398

Female 25 (58.1) 28 (65.1) 31 (72.1)

Location City 36 (83.7) 34 (79.1) 36 (83.7) 0.809

Village 7 (16.3) 9 (20.9) 7 (16.3)

Age Man 62.9 ± 9.9 62.1 ± 11 55.5 ± 19.1 0.634

Woman 61.2 ± 10.9 63.2 ± 8.7 62.4 ± 11.2

History of
Disease

Yes 36 (83.7) 38 (81.4) 34 (79.1) 0.858

No 7 (16.3) 8 (18.6) 9 (20.9)

History of blood
pressure

Yes 33 (76.7) 33 (76.7) 34 (79.1) 0.956

No 10 (23.3) 10 (23.3) 9 (20.9)

Checking blood pressure in patients as the �rst time in different speci�c timings, Table 2 indicates
systolic, diastolic, and the mean of blood pressure as 195.1 ± 15.5, 107.3 ± 11.5, and 136.5 ± 10.2 mm Hg,
respectively. After the period of 10 minutes, the numbers changed to 191.7 ± 13.7, 104.7 ± 9.6, and 133.7 
± 7.4 mm Hg by checking the blood pressure for the second time with no intervention. The numbers
decreased to 151.9 ± 24.5, 86.2 ± 10.9, and 108.1 ± 14.2 after the intervening as to administer the
medications and checking the blood pressure in an interval of 15 minutes till 1 hour complete. The
signi�cant difference is observed among systolic (P = 0.024), diastolic (P = 0.001), and the mean of blood
pressure (P = 0.009) comparing before and after the treatment. The participants of captopril group report
199.6 ± 17.4, 107 ± 12.6, and 137.9 ± 11.7 for systolic and diastolic mean of blood pressure and the mean
of blood pressure, respectively, for the �rst time attending the study. After the period of 10 minutes the
numbers changes to 193.6 ± 15.5, 103.9 ± 10.2, and 133.8 ± 10, with no intervention. The numbers
decreased to 111.2 ± 11.9, 89.4 ± 8.9, and 155 ± 20.6 after the intervening as to administer the
medications and checking the blood pressure in an interval of 15 minutes till 1 hour complete. The
signi�cant difference is observed among systolic (P = 0.001), diastolic (P = 0.008), and the mean of blood
pressure (P = 0.009) comparing before and after the treatment. The participants of captopril and
midazolam groups report 198.6 ± 12.9, 106.4 ± 11.3, and 137.1 ± 9.3 for systolic and diastolic mean of
blood pressure and the mean of blood pressure, respectively, for the �rst time attending the study. After
the period of 10 minutes the numbers changes to 195.7 ± 13, 104.7 ± 9.1, and 135 ± 8.3, with no
intervention. The numbers decreased to 149.4 ± 23, 86 ± 9.1, and 107.1 ± 11.4 after the intervening as to
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administer the medications and checking the blood pressure in an interval of 15 minutes till 1 hour
complete. The signi�cant difference is observed among systolic (P = 0.047), diastolic (P = 0.021), and the
mean of blood pressure (P = 0.031) comparing before and after the treatment.

Table 2
Blood pressure average at different times in the treatment groups

Time of Measurement 0 10 15 30 45 60 Level of
Signi�cant

Midazolam Group Systolic 195.1 
± 15.5

191.7 
± 13.7

191.7 
± 19.5

161.7 
± 21

155.3 
± 22.4

151.9 
± 24.5

0.024

Diastolic 107.3 
± 11.5

104.7 
± 9.6

94.3 
± 10.3

89.5 
± 10.8

86.9 
± 9.8

86.2 
± 10.9

0.001

Average 136.5 
± 10.2

133.7 
± 7.4

118.4 
± 11.5

113.6 
± 12.4

109.7 
± 12.5

108.1 
± 14.2

0.009

Captopril group Systolic 199.6 
± 17.4

193.6 
± 15.5

170.8 
± 20.2

163 ± 
17.7

158.7 
± 17

155 ± 
20.6

0.001

Diastolic 107 ± 
12.6

103.9 
± 10.2

97 ± 
11.6

93.8 
± 10.1

91.4 
± 10.6

89.4 
± 8.9

0.008

Average 137.9 
± 11.7

133.8 
± 10

121.6 
± 12.9

116.8 
± 11.2

113.8 
± 12

111.2 
± 11.9

0.001

Midazolam and
Captopril group

Systolic 198.6 
± 12.9

195.7 
± 13

163.7 
± 23.2

158.4 
± 23.4

152.7 
± 22.6

149.4 
± 23

0.047

Diastolic 106.4 
± 11.3

104.7 
± 9.1

93 ± 
11.7

90.1 
± 11.1

87.4 
± 9.6

86 ± 
9.1

0.021

Average 137.1 
± 9.3

135 ± 
8.3

116.5 
± 14.5

112.9 
± 13.4

109.2 
± 11.8

107.1 
± 11.4

0.031

As it can be seen in Table 3, the average of systolic blood pressures was decreased to 20.6, 19.9, and
23.5 for the groups of midazolam, captopril, and midazolam and captopril group, respectively. The
analysis results indicate that there is no signi�cant difference among all three groups in terms of
lowering the blood pressure (P = 0.239), although the greatest reduction of intragroup has targeted the
group of both midazolam and captopril administration. Besides, the diastolic blood pressure drops in the
groups of midazolam, captopril, and midazolam and captopril indicating the percentages of 17.4, 13.5
and 17.4, respectively. Despite the highest reduction in the group of captopril, there is no signi�cant
difference among the groups of treatment (P = 0.083) in terms of diastolic blood pressure decrease. With
respect to the average pressure of blood in all three groups, it is observed that the midazolam, captopril,
and midazolam and captopril groups show the average blood pressure reduction of 19.1%, 16.7%, and
20.5%. Note that this reduction obtains no signi�cant difference in all three groups (P = 0.123).
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Table 3
Blood pressure reduction Percentage among treatment groups

Time of Measurement 0 10 15 30 45 60 Level of
Signi�cant

systolic blood
pressure

Midazolam 1.6 
± 
2.9

12.8 
± 8.8

2.9 ± 
7

3.8 
± 
7.1

2.1 
± 
6.9

20.6 
± 12

0.239

Captopril 2.8 
± 
4.3

11.8 
± 7.2

4.2 ± 
6.4

2.5 
± 
4.8

2.4 
± 
2.5

19.9 
± 7.5

Midazolam and
Captopril

1.4 
± 
2.8

16.2 
± 11

2.6 ± 
9.6

3.2 
± 7

1.2 
± 
5.5

23.5 
± 10.9

Diastolic blood
pressure

Midazolam 2 ± 
5.4

9.8 ± 
7.6

4.7 ± 
9.2

2.5 
± 
5.9

0.7 
± 
6.4

17.4 
± 9.5

0.083

Captopril 2.5 
± 
5.3

6.3 ± 
9.2

2.9 ± 
7.7

2.6 
± 
3.8

1.8 
± 
4.9

13.5 
± 8.9

Midazolam and
Captopril

1.1 
± 
5.9

11.2 
± 8.6

2.4 ± 
10.8

2.5 
± 
6.9

1.4 
± 
5.3

17.4 
± 9.3

Normal blood
pressure

Midazolam 1.8 
± 4

11.3 
± 7.2

3.9 ± 
7.2

3.2 
± 
5.6

1.4 
± 
5.9

19.1 
± 9.8

0.123

Captopril 2.7 
± 
4.6

9 ± 7 3.6 ± 
6.4

2.6 
± 
3.5

1.2 
± 
4.5

16.7 
± 7

Midazolam and
Captopril

1.3 
± 
4.2

13.7 
± 9

2.5 ± 
9.3

2.9 
± 
5.9

1.7 
± 
4.6

20.5 
± 8.2

As Fig. 1 suggests, blood pressure is reduced in all three groups over time. Although the blood pressure in
the midazolam and captopril group (Intervention group 2) is shown to be highest, but, as time passes, this
group also shows the highest decrease of blood pressure comparing the other two groups. The
midazolam group (Intervention group 1) outperforms the captopril group (Control group) in terms of the
highest reduction of systolic blood pressure. Despite that fact that the blood pressure in the midazolam
and captopril group is shown to be highest, but, as time passes, this group also shows the highest
decrease of diastolic blood pressure comparing the other two groups. Figure 2 also indicates that the
midazolam group outperforms the group of captopril in terms of lowering the pressure of blood in
patients.
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In terms of side effects in each of the treatment groups, people were examined at different times of the
study. A total of 7 patients (5.4%) of the total subjects underwent complications from the drug. Of these,
3 were in the midazolam and placebo groups, 1 was in the captopril and placebo groups, and 3 were in
the midazolam and captopril groups. The results showed that there was no signi�cant difference
between the three treatment groups in terms of the side effects of drug use (P = 0.547).

Discussion
Hypertension can cause serious problems including Hypertension Crisis. Since controlling hypertensive
pressure suggest not to lower the blood pressure greater than 30% of its primary level, performing an
appropriate treatment is, thus, crucially effective in controlling blood pressure (27) .

In this study, the highest blood pressure reduction in the �rst measurement (15 minutes after prescription)
was observed after the medication administration in all three treatment groups and gradually met the
maximum reduction. As such, the blood pressure decreased deliberately and no brain nor cardiac side
effects were observed in the patients. There was no signi�cant difference in systolic, diastolic and normal
blood pressure in all three treatment groups.

But in all three measurements, midazolam and captopril groups showed the greatest reduction in blood
pressure, which can be due to the simultaneous effect of the two medications on blood pressure in the
patients. There was no signi�cant difference between Midazolam group and captopril group in terms of
systolic blood pressure reduction. While in diastolic blood pressure and the average blood pressure the
midazolam group decreased greater than the captopril group. Although this difference was not
statistically signi�cant, it could indicate that Midazolam peak effect is greater in reducing blood pressure.
In this study, the groups were similar in terms of age, sex, hypertension history and other diseases and
also high blood pressure medication history, as no signi�cant difference were observed.

All three groups of this investigation showed the highest blood pressure reduction within 15 minutes after
performing the treatment. While in many studies, the most reduction of pressure in patients with
hypertensive crisis occurred 30 minutes after medications (17, 18, 28).This can be due to different levels
of measuring in different studies that were not equal. Some investigations on captopril showed the peak
effect timings of a 25-mg sublingual dose. It was shown to be 30 minutes after administration and
continued for at least two hours (17, 18, 28).

In the study by Castillo, 12.35 mg captopril resulted to a decrease of 66% of the diastolic blood pressure
in patients with critical hypertension within 30 minutes as the diastolic pressure reached below
100 mmHg (28). In a survey conducted in Turkey, 90% of people with diastolic blood pressure greater
than 120 mmHg reported to have a reduction of blood pressure using 25 mg sublingual captopril with the
action time of 60minutes (29). In the Kazerney study, more than 65% of the patients with diastolic blood
pressure observed a decrease within 30 minutes after administrating captopril (30).
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The present study showed greater blood pressure reduction in the midazolam group comparing to the
captopril group. Although observing the effect of this drug on decreasing diastolic blood pressure and the
average blood pressure showed no signi�cant difference between treatment groups, these results can be
indicative of the e�cacy of midazolam in reducing the pressure in the patients of hypertensive crisis.
This can also be due to the effects midazolam aims at physiological and biological stresses that can
lead to a greater reduction in blood pressure. In a study by Jones et al. (31) that was performed on
animals, midazolam reported to be able to decrease the pressure about 10–20% on arterial blood
pressure after performing the injection.

A study by Forester et al. (32) on several volunteers showed a medium decrease in arterial blood pressure
by midazolam. In a study by Heikkilä et al. (33), a rapid decline in systolic blood pressure between 24%
and 32% and diastolic blood pressure was observed between 29% and 33%.

Limitations
One limitation of our study was that the sample size might be insu�cient to detect the exact drug effects.
Further clinical trials with larger sample sizes and longer follow-up should therefore be performed to
identify its role. Another limitation of this study is the lack of measurement of stress and anxiety in
patients with hypertensive crisis. Regarding the effect of stress and anxiety on hypertension, and
considering that midazolam as an effective drug in reducing stress, it is recommended to measure stress
and anxiety in these patients using standard instruments.

Conclusion
Midazolam is a suitable drug, safe, effective, affordable and accessible with low side effects that can be
useful for controlling hypertensive. Considering the fact that it is a sedative drug, it is also bene�cial in
the rapid reduction of blood pressure associated with stress and has several therapeutic effects.
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Figures

Figure 1

The decreasing process of systolic blood pressure at different times.



Page 14/14

Figure 2

The decreasing process of diastolic blood pressure at different times.


