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Background: This study aimed to explore the feasibility of guiding the application of metoprolol succinate in

patients with moderate to severe heart failure (HF) through monitoring plasma brain natriuretic peptide (BNP)

levels.

Methods: A total of 195 patients with moderate to severe HF (NYHA Functional Class III to IV) were selected and

randomized into two groups: an observation group and a BNP group. The groups were established to observe the

clinical conditions and establish plasma BNP levels to guide the application of metoprolol succinate. The average

start-up of metoprolol succinate and average dose of metoprolol succinate after one month, as well as the

recurrence rate and mortality of HF during hospital stay were compared between the two groups.

Results: Start-up of metoprolol succinate was shorter in the BNP group than in the observation group [(5.89 �

1.76) d vs. (7.03 � 2.08) d, p < 0.01], but no significant differences in recurrence rate (26.60% vs. 23.91%, p > 0.05)

and mortality (6.38% vs. 5.43%, p > 0.05) of HF were observed between the two groups. The average dose of

metoprolol succinate after one month was higher in the BNP group compared with that of the observation group

[(47.65 � 13.09) mg/d vs. (35.08 � 11.08) mg/d, p < 0.01].

Conclusions: Although monitoring plasma BNP might have limited the clinical impact on the change of left

ventricular ejection fraction, recurrence of HF or mortality within 1 month, it could safely facilitate early use and

up-titration of the metoprolol succinate in patients with moderate to severe HF.
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INTRODUCTION

Moderate to severe heart failure (HF) is not only

characterized by dyspnea, but also by abnormal hemo-

dynamics and neuroendocrine system activation.
1

The

customary treatment for HF includes symptom improve-

ment, correction of hemodynamic abnormalities and

prevention of excessive neuroendocrine system activa-

tion.
2

However, the assessment of these curative effects

on HF is mainly based on the subjective judgment of cli-

nicians instead of reference to a quantitative standard.

The assessment of plasma brain natriuretic peptide

(BNP) level in patients facilitates HF diagnosis and prog-

nosis, and reflects drug efficacy as well.
3-5

Researchers

have observed that BNP levels significantly decrease as

HF symptoms improve. Moreover, the decreased ampli-

tude of BNP correlates with the degree of heart function

improvement.
6,7

In recent years, monitoring plasma BNP

level in patients has been extensively studied to guide

the drug treatment for chronic HF,
8-12

but rarely for

moderate to severe HF.
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�1 receptor blocker is the basis for the treatment of

HF.
13-15

However, its application in patients with mo-

derate to severe HF is always late with a typically in-

sufficient dose.
16

How to treat HF patients earlier and

more reasonably with �1 receptor blocker has become a

challenge for many clinicians. We aimed to explore the

feasibility and safety of guiding metoprolol succinate

application in patients with moderate to severe HF

through monitoring the plasma BNP level.

MATERIALS AND METHODS

Subjects

A total of 195 patients with moderate to severe HF

(NYHA Functional Class III to IV), including 44 cases of

hypertension, 112 cases of coronary heart disease, 22

cases of valvular heart disease and 17 cases of dilated

cardiomyopathy, were selected from the Department of

Cardiology in our hospital between March 2008 and

March 2012. The subjects were observed in a hospital

environment for at least one month. The patients with

severe renal function damage (serum creatinine > 265

umol/l), bronchial asthma or chronic obstructive pulmo-

nary disease were excluded, as well as end-stage HF pa-

tients without response to intravenous drug treatment.

This study was performed in accordance with the de-

claration of Helsinki. Additionally, this study was con-

ducted with approval from the Ethics Committee of

Huai’an First People’s Hospital, Nanjing Medical Univer-

sity. Written informed consent was obtained from all

participants.

Grouping

The subjects were randomized into an observation

group and a BNP group. All the patients were intrave-

nously treated with diuretic (furosemide), vasodilator

(nitroglycerin or sodium nitroprusside) and cardiotonic

(cedilanid, dobamine, dobutamine, milrinone), followed

by metoprolol succinate treatment according to BNP

level or clinical conditions.

Experiment protocol

Start-up and incremental use of metoprolol suc-

cinate in the observation group patients were according

to their clinical manifestation as assessed by our deputy

chief physician, or another more highly placed medical

professional in cardiology. The patients stopped using

intravenous cardiotonic, vasodilator and diuretic, with-

out resting or recumbent asthma, and started to take

metoprolol succinate in an initial dose of 6.25 mg bid

after their body weight was stable for three days. The

clinical manifestation of patients was evaluated; the

dose of metoprolol succinate was doubled every week

until the maximum tolerated dose or target dose if no

HF signs and symptoms were observed. Otherwise,

metoprolol succinate was reduced and intravenous

cardiotonic, vasodilator or diuretic was applied until HF

signs and symptoms improved, and then metoprolol was

gradually applied again in patients. Start-up of meto-

prolol succinate in the patients of BNP group was ac-

cording to their plasma BNP level. The basal BNP level of

patients was checked prior to hospital admission, and

plasma BNP level was controlled every 3-5 days during

the application of intravenous cardiotonic, vasodilator

and diuretic. The threshold of metoprolol succinate

start-up was defined as a more than 50% reduction of

basal BNP level, or a BNP value that was less than 300

pg/ml,
6,17,18

and then the dose of metoprolol succinate

was enhanced. The dose was doubled every time and

the BNP level was tested every week; when the BNP

level did not decrease but was elevated more than 10%,

metoprolol succinate was stopped or reduced and intra-

venous cardiotonic, vasodilator or diuretic was applied

until the BNP level reduced to 50% of the basal level or

less than 300 pg/ml. Then, metoprolol was again gra-

dually applied in patients.

Observation index

The general data of patients were collected, includ-

ing but not limited to medical history, age, gender, blood

pressure, blood sugar, and blood lipids. Additionally, pa-

tient heart rate, physical examination, electrocardio-

gram (ECG), left ventricular ejection fraction (LVEF) by

echocardiograph, renal function and electrolytes were

also observed during the treatment.

BNP was measured with immunofluorescence. Then,

2 ml of venous blood was collected from the patients at

resting state and put into the tube with EDTA anticoa-

gulant. Plasma was isolated after centrifugation and

placed into a Triage Instrument (Biosite, Inc., San Diego,

CA, USA), which quantified BNP concentration according
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to the intensity of fluorescence that was generated by

the reaction of the plasma sample and BNP rat-anti-

human monoclonal and polyclonal antibody.

We thereafter observed the average start-up of me-

toprolol succinate and the maximum dose of metoprolol

succinate after one month, as well as the recurrence

rate (refers to patients who need increase dose of di-

uretics or intravenous inotrophic agents again) and mor-

tality of HF during one month follow-up observation.

Statistical analysis

Statistical analysis was performed with SPSS v.19 for

Windows (SPSS Inc, Chicago, IL) and measurement data

was presented as mean and standard deviation. Com-

parison of mean values between the two groups used

the two-sample t test, while enumeration data em-

ployed Chi-square test or Fisher’s test. A result of p <

0.05 was considered statistically significant.

RESULTS

Patient group

Our study involved a total of 195 patients from

38-81 years of age (61 � 12 y), which included 99 cases

in the observation group and 96 cases in the BNP group.

No significant difference in general data was observed

(Table 1). Five patients in the observation group and

four in the BNP group quit the clinical trial due to severe

bradycardia. There were no marked changes of blood

glucose and renal function and other data in patients

during hospital stay.

Analysis of drug combination with diuretic and

vasodilator and cardiotonic

There was no difference in the drug combination in-

volving necessary vasodilator and cardiotonic between

the two patient groups. However, the BNP group pa-

tients medicated considerably more intravenous diuretic

than the observation group patients [(39.03 � 11.08)

mg/d vs. (28 � 9.11) mg/d, p < 0.01, Table 2].

Follow-up outcome about LVEF and BNP value

The left ventricular ejection fraction showed no dif-

ference between the two groups, regardless of whether

the LVEF was a baseline or follow-up observation. The

study indicated that the left ventricular ejection fraction

was increased after one month of medication (Figure 1).

Meanwhile, the BNP value decreased dramatically over

the duration of medication, but there was no difference

between the two groups (Figure 2). This showed that rea-

sonable medication could improve the heart function.
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Table 1. Comparison of general data between BNP and observation groups

BNP group (N = 94) Observation group (N = 92) p value

Average age 57 (40-78) 58 (38-81) NS

Gender (male/female) 53/41 51/41 NS

Coronary heart disease 58 54

Hypertension 22 22

Dilated cardiomyopathy 08 09

Valvular heart disease 13 09

Diabetes mellitus 30 33

Hyperlipidemia 29 27

LV ejection fraction 30 � 8.1 28 � 7.9 0.55

Revascularization therapy 10 12

ACE inhibitors 78 75

Angiotensin receptor blockers 11 08

Loop diuretic agents 94 92

Aldosterone antagonists 81 79

Thiazide diuretic agents 05 07

Nitrates 67 70

Basal BNP value (pg/ml) 1167.8 � 219.9 1145.8 � 224.9 0.61

Values are expressed as mean and SD or as indicated, p < 0.05 was considered statistically significant.

ACE, angiotensin-converting-enzyme; BNP, brain natriuretic peptide; LV, left ventricular.



Start-up of metoprolol succinate and average dose of

metoprolol succinate

The start-up of metoprolol succinate was shorter in

the BNP group than that of the observation group [(5.89

� 1.76) d vs. (7.03 � 2.08) d, p < 0.01]. The average dose

of metoprolol succinate per day after one month was

higher in the BNP group compared to the observation

group (47.65 � 13.09) mg/d vs. (35.08 � 11.08) mg/d, p

< 0.01, Table 3]. This indicated that monitoring BNP level

allowed patients with moderate to severe HF to use a

relatively high dose of metoprolol succinate earlier and

easier compared with clinical observation (Table 3).

Recurrence rate and mortality of HF

There were no distinct differences in the recurrence

rate (26.60% vs. 23.91%, p > 0.05) and mortality rate

(6.38% vs. 5.43%, p > 0.05) of HF between the two

groups (Table 4). In ischemic subgroup analysis, there

were no differences in the recurrence rate and mortality

of HF. In the BNP group, dosages of metoprolol suc-

cinate had to be adjusted more frequently. For patients

with HF recurrence that were sensitive to diuretic, ces-

sation of metoprolol succinate use was not necessary.

While the patients with recurrence of HF in observation

group were also sensitive to diuretic, 28% of them had

to stop using metoprolol succinate.

DISCUSSION

Sympathetic activation during decompensated HF
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Figure 1. The change of left ventricular ejection fraction after one-

month medication. The left ventricular ejection fraction were amelio-

rated after medication, but on deference between two groups. BNP,

brain natriuretic peptide; LVEF, left ventricular ejection fraction.

Figure 2. The change of serum BNP level duration of one month

medication between BNP group and observation group. The BNP level

decreased dramatically, but no difference was detected between the

two groups. BNP, brain natriuretic peptide.

Table 2. Medication of diuretic agents and inotropic administration

Medication BNP group (N = 94) Observation group (N = 92) p

Dose of furosemide per day

Intraveneous dose (mg/d) 39.03 � 11.08 0.28 � 9.11 < 0.01

Oral dose (mg/d) 20.30 � 2.080 20.65 � 3.090 NS

Dobamine

Frequency 10/84 12/80 NS

Dose (ug/mg/min) 4.3 � 1.8 4.5 � 1.7 NS

Administration period (days) 2.0 � 1.1 1.9 � 1.1 NS

Dobutamine

Frequency (%) 03/91 05/87 NS

Dose (ug/mg/min) 2.3 � 0.8 2.5 � 0.6 NS

Administration period (days) 1.0 � 0.5 1.0 � 0.5 NS

Milrinone Frequency (%) 25/69 23/69 NS

Dose (ug/mg/min) 0.3 0.4 NS

Administration period (days) 4.0 � 1.2 3.9 � 1.1 NS

Cedilanid dose (mg/d) 4.0 � 1.0 3.9 � 0.9 NS

Values are expressed as mean and SD or as indicated, p < 0.05 was considered statistically significant.

BNP, brain natriuretic peptide; SD, standard deviation.



serves as an important short-term compensatory me-

chanism to maintain stable hemodynamics, but exces-

sive or persistent sympathetic activation is also a pre-

cipitating factor in worsening ventricular remodeling

and heart failure. �1 receptor blocker ameliorates ven-

tricular remodeling and the long-term prognosis of pa-

tients with HF by inhibiting excessive or persistent sym-

pathetic activation. Clinicians always worry that early

application of �1 receptor blocker suppresses the com-

pensatory effect of the sympathetic nerve, which deteri-

orates cardiac function or aggravates clinical symptoms

of HF. And late application of �1 receptor blocker typi-

cally fails to prevent excessive activation of neuroendo-

crine system and ventricular remodeling in sufficient

time. CIBIS II, MERIT-HF and COPERNICUS
13-15

showed

that �1 receptor blocker could reduce all-cause mor-

tality, cardiovascular mortality and hospitalization rate

in patients with moderate to severe HF. IMPACT-HF
15

confirmed that hospitalized HF patients might benefit

more from early use of �1 receptor blocker. The COMET
16

trial demonstrated that an insufficient dose of �1 re-

ceptor blocker probably influenced the protective effect

on HF. Therefore, early start-up of adequate �1 receptor

blocker may produce an added benefit for hospitalized

patients with HF. However, start-up and incremental use

of �1 receptor blocker in patients with moderate to se-

vere HF mainly is often based on the patients’ clinical

manifestations, and not any objective standard, and �1

receptor blocker is frequently initiated late with a slowly

increasing dose arising from excessive clinician concerns

about potential negative inotropic action. Currently,

there is no objective and reliable standard for the use of

�1 receptor blocker in patient with moderate to severe

HF.

Ventricular myocytes synthesize and secrete most

BNP that is upregulated in right ventricular volume and

pressure overload and ventricular remodeling.
4-7

BNP

not only reflects early volume and pressure loading con-

ditions in patients with HF, but also shows the evolution

of ventricular remodeling that induces progressive and

worsening HF. Prior research
17,18

has demonstrated that

the short-term use of intravenous cardiotonic, diuretic

and vasodilator effectively reduced BNP level by more

than 50% in patients with decompensated HF, whose

hemodynamics also significantly improved to stable

state (cardiac index increased by 30%, pulmonary artery

wedge pressure reduced by 30%). We also observed

that plasma BNP level dramatically declined in patients

with moderate to severe HF after using intravenous di-

uretic and vasodilator, while a slight change of the

plasma BNP level in the patients with acute HF corre-

sponded to the negative response to intravenous drugs.

This indicated that apparent BNP reduction reflected a

reduction in left ventricular volume loading and im-

proved cardiac function, which was consistent with pre-

vious results.
17,18

At the same time, a significant number

of studies on BNP guiding drug treatment for HF were
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Table 3. Comparison of time of start-up of metoprolol succinate (time of start-up) and average dose of metoprolol succinate after

one month(target dosage) between BNP and observation groups (mean and SD)

Outcome BNP group (N = 94) Observation group (N = 92) t value p value

Time of start-up (days) 5.89 � 1.76 7.03 � 2.08 4.409 0.010

Target dosage (mg/d) 47.65 � 13.09 35.08 � 11.08 5.414 0.009

Values are expressed as mean and SD or as indicated. Statistical analysis was performed to compare the two groups. p < 0.05 was

considered statistically significant.

BNP, brain natriuretic peptide; SD, standard deviation.

Table 4. Comparison of recurrence rate and mortality of HF

between BNP and observation groups

Group
Cases

N

Recurrence

rate of HF

Cases (%)

Mortality

of HF

Cases (%)

Observation group 92 22 (23.91) 5 (5.43)

BNP group 94 25 (26.60) 6 (6.38)

x
2

value 0.18 0.08

p value 0.67 0.78

Ischemic (subgroup)

Observation group 54 13 3

BNP group 58 16 3

x
2

value 0.18 0.008

p value 0.67 0.93

Values are expressed as a percentage of recurrence and mortality

of the two groups. p < 0.05 was considered statistically significant.

BNP, brain natriuretic peptide; HF, heart failure.



performed, but primarily focused on chronic HF or out-

patient follow-up.
8-12

Some research showed that moni-

toring BNP level facilitated the diagnosis of volume load-

ing condition in patients with acute HF and the treat-

ment for HF.
19-22

However, the significance of BNP guid-

ing drug treatment has not been fully reported. We ex-

plored the neuroendocrine activation mechanism and

protective effect of �1 receptor blocker to clarify the im-

portance of using BNP to guide the use of �1 receptor

blocker in patients with moderate to severe HF.

Bayés G et al.
6

proved that the decrease in magni-

tude of plasma BNP level in patients with HF before and

after treatment was more valuable in prognosis than the

actual BNP value itself. In our research, a more than 50%

reduction of BNP level or less than 300 pg/ml were con-

sidered as threshold to instruct the application of meto-

prolol succinate.
6,17,18

The BNP level in plasma of mo-

derate or severe cardiac failure patients was monitored

to determine the start-up of metoprolol succinate, where

the average administration time was (5.89 � 1.76) d,

shorter than (7.03 � 2.08) d in the observation group (p

< 0.01). Consistent with previous studies, a decrease of

BNP level after effective treatment was observed earlier

than the improvement of clinical symptoms in these pa-

tients, indicating that the plasma BNP level might actu-

ally reflect volume load condition in patients, rather

than clinical observation.
19,20

Meanwhile, we observed

that the intravenous diuretic dosages in the BNP group

were much higher than in the observation group [(39.03

� 11.08) mg/d vs. (28 � 9.11) mg/d, p < 0.01]. This sug-

gested that monitoring serum BNP level could contri-

bute to better achieve the dry weight and safe transi-

tion from intensive drug treatment such as cardiac sti-

mulant, vasodilator and diuretic to the use of �1 recep-

tor blocker in these patients. This fact further demon-

strated that monitoring plasma BNP level in patients

would facilitate earlier use of �1 receptor blocker, which

maybe would lead to long-term amelioration of heart

function by earlier and potentially inhibiting the exces-

sive activation of neuroendocrine. It was also observed

that although the use of metoprolol succinate was initi-

ated earlier in the BNP group, the recurrence rate of HF

during hospital stay was higher (26.60% vs. 23.91%), but

the difference between the two groups was not stati-

stically significant, as well as the mortality (6.38% vs.

5.43%, p > 0.05) and the left ventricular ejection frac-

tion based on echocardiograph, even in the ischemic

subgroup. This could be due to shorter observation du-

ration and fewer enrolled revascularization patients.

However these results indicated that the early start-up

of metoprolol succinate was safe for patients, and would

not increase the recurrence of HF and related events

during the one month study. Moreover, although there

was no significant difference in the recurrence rate of

HF between the BNP and observation groups, the incre-

mental use of metoprolol succinate was more frequent

in the BNP group than that of the observation group.

Even for patients with recurring HF, the metoprolol

succinate treatment could be continued if they were

regulated by intravenous drugs (mostly with diuretic),

and/or the amount of metoprolol succinate was re-

duced when the BNP level was under-monitored. On the

other hand, the incremental use of metoprolol succinate

in the observation group was slow, and 28% of the re-

curring patients required a pause before reusing it,

suggesting the clinical observation might overstate the

negative inotropic action of metoprolol succinate or it

failed to reflect ventricular volume load. Therefore, it

was also safe to use metoprolol succinate in patients

with aggravated recurrent HF by monitoring their BNP

level. Monitoring BNP level is necessary to ensure the

application of metoprolol succinate to those patients

with moderate to severe HF was speculated to be based

on the obvious improvement of ventricular volume load

in patients, which not only facilitated early start-up of

metoprolol succinate, but also certified its safety.

The average dose of metoprolol succinate after one

month was higher in the BNP group compared with that

of the observation group [(47.65 � 13.09) mg/d vs.

(35.08 � 11.08) mg/d, p < 0.01]. This correlated with

early start-up and frequent incremental use of meto-

prolol succinate, as well as the results when less pa-

tients who stopped using metoprolol succinate during

HF recurrence in BNP group. These results indicated that

monitoring the BNP level allowed patients with mo-

derate to severe HF to use a relatively high dose of

metoprolol succinate earlier compared with mere clini-

cal observation.

We investigated the efficacy and safety of monitor-

ing BNP level to guide the application of �1 receptor

blocker (metoprolol succinate) to the patients with mo-

derate to severe HF. Compared with clinical observation,
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monitoring BNP level facilitated earlier start-up and in-

cremental use of metoprolol succinate, which provided

an improved benefit to HF patients. Due to the small

size of the sample population and shorter observation

duration, although angiotensin-converting-enzyme in-

hibitor or angiotensin receptor blocker was combined in

the treatment for HF. It was later than the start-up and

incremental use of metoprolol succinate and did not re-

turn to the normative and reasonable treatment. Addi-

tional investigation is necessary to determine what level

of plasma BNP is more suitable for the application of

metoprolol succinate in the treatment for HF.

CONCLUSIONS

Although monitoring plasma BNP might have li-

mited the clinical impact on the change of left ven-

tricular ejection fraction, recurrence of HF or mortality

within 1 month, it could safely facilitate early use and

up-titration of the metoprolol succinate in patients with

moderate to severe HF.
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