
1Wang X, et al. BMJ Open 2020;10:e033269. doi:10.1136/bmjopen-2019-033269

Open access�

Use of intravenous magnesium sulfate 
among patients with acute myocardial 
infarction in China from 2001 to 2015: 
China PEACE—Retrospective 
AMI Study

Xianqiang Wang,1 Xue Du,1 Hao Yang,1 Emily Bucholz,2 Nicholas Downing,2 
John A Spertus,3 Fredrick A Masoudi,4 Jing Li,1 Wenchi Guan,1 Yan Gao,1 
Shuang Hu,1 Xueke Bai,1 Harlan M Krumholz  ‍ ‍ ,2 Xi Li  ‍ ‍ 1

To cite: Wang X, Du X, 
Yang H, et al.  Use of 
intravenous magnesium 
sulfate among patients with 
acute myocardial infarction 
in China from 2001 to 2015: 
China PEACE—Retrospective 
AMI Study. BMJ Open 
2020;10:e033269. doi:10.1136/
bmjopen-2019-033269

►► Prepublication history and 
additional material for this 
paper are available online. To 
view these files, please visit 
the journal online (http://​dx.​doi.​
org/​10.​1136/​bmjopen-​2019-​
033269).

XW and XD contributed equally.

HMK and XL are joint senior 
authors.

Received 29 July 2019
Revised 20 January 2020
Accepted 05 March 2020

For numbered affiliations see 
end of article.

Correspondence to
Dr Xi Li; ​xi.​li@​fwoxford.​org

Original research

© Author(s) (or their 
employer(s)) 2020. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objective  In 2001, Chinese guidelines for the care 
of acute myocardial infarction (AMI) included a new 
recommendation against the routine use of magnesium. 
We studied temporal trends and institutional variation in 
the use of intravenous magnesium sulfate in nationally 
representative samples of individuals hospitalised with AMI 
in China between 2001 and 2015.
Methods  In an observational study (China PEACE—
Retrospective Study) of AMI care, we used a two-
stage, random sampling strategy to create a nationally 
representative sample of 28 208 patients with AMI at 162 
Chinese hospitals in 2001, 2006, 2011 and 2015. The 
main outcome is use of intravenous magnesium sulfate 
over time.
Results  We identified 24 418 patients admitted for AMI, 
without hypokalaemia, in the four study years. Over time, 
there was a significant initial decrease in intravenous 
magnesium sulfate use, from 32.1% in 2001 to 17.1% in 
2015 (p<0.001 for trend). The decline was greater in the 
Eastern (from 33.3% to 16.5%) and Western (from 34.8% to 
17.2%) regions, as compared with the Central region (from 
25.9% to 18.1%), with little difference between rural and 
urban areas. The proportion of hospitals using intravenous 
magnesium sulfate did not change over time (from 81.3% 
to 77.9%). The median ORs, representing hospital-level 
variation, were 6.03 in 2001, 3.86 in 2006, 4.26 in 2011 
and 4.72 in 2015. Intravenous magnesium sulfate use was 
associated with cardiac arrest at admission and receipt of 
reperfusion therapy, but no hospital-specific characteristics.
Conclusions  Despite recommendations against its use, 
intravenous magnesium sulfate is used in about one in six 
patients with AMI in China. Our findings highlight the need 
for more efficient mechanisms to stop using ineffective 
therapies to improve patients’ outcomes and reduce 
medical waste.
Trial registration number  ​ClinicalTrials.​gov 
(NCT01624883)

Introduction
The history of intravenous magnesium 
sulfate use for acute myocardial infarction 

(AMI) is convoluted. Once lauded in small, 
early trials as safe and highly effective,1–3 
it was later demonstrated to be ineffective, 
and even harmful, in two large clinical trials 
(MAGIC [Early adminsitration of intravenous 
magnesium to high-risk patients with acute 
myocardial infarction in the Magnesium in 
Coronaries] and ISIS-4 [Fourth International 
Study of Infarct Survival]) and in a subse-
quent meta-analysis.4 5 Beginning in the early 
2000s, AMI practice guidelines in the USA 
have specifically recommended against its 
routine use (Class III, level of evidence: C).6 7 
Similarly, China published guidelines in 2001 
recommending against the use of intrave-
nous magnesium sulfate in patients with AMI, 

Strengths and limitations of this study

►► This is the first large nationally representative reg-
istry demonstrating intravenous magnesium sulfate 
is still used in about one in six patients with acute 
myocardial infarction (AMI) in China, despite recom-
mendations against its use since 2000s.

►► The study assessed the 15-year trend in the use of 
intravenous magnesium sulfate among patient with 
AMI in China.

►► The study first reported both patient level and hos-
pital level resulted in the use of intravenous magne-
sium sulfate use, which could provide more targeted 
information for efficient mechanisms to stop using 
this ineffective therapy.

►► The study adopted standardised procedures for 
abstraction of medical records that ensure the reli-
ability of our results in describing the use pattern of 
magnesium sulfate in the real world.

►► The very low prevalence of patients with some in-
dications, such as magnesium sulfate deficiency 
would have little influence on the reliability of the 
results.
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except in the setting of hypomagnesaemia or polymor-
phic ventricular tachycardia.8

Although several studies have evaluated the introduc-
tion and uptake of new therapies,9–11 few have examined 
deadoption of ineffective therapy in clinical practice.12–14 
The deadoption of therapy is particularly important 
because the situation may involve greater resistance and 
barriers to discontinuing long-standing practices than 
simply introducing new and promising therapies into 
practice.15 Characterising the use of magnesium sulfate 
for AMI in clinical practice offers an opportunity to assess 
the speed with which providers stop using a therapy when 
new evidence has overturned prior dogma.

Accordingly, our objectives were to assess the trends 
and variation of regional and hospital-level use of intra-
venous magnesium sulfate among patient with AMI using 
data from the China PEACE—Retrospective AMI Study 
between 2001 and 2015. These data, from a nationally 
representative network of hospitals throughout China, 
provided a unique opportunity to examine the trend for 
discontinuing routine intravenous magnesium sulfate 
over time and to describe the variations across hospitals 
in its discontinuation.

Methods
Design overview
The design and methods of the China PEACE—Retro-
spective AMI Study have been previously published.16 In 
addition to a nationally representative sample of patients 
admitted for AMI in China during 2001, 2006 and 2011 
created in the China PEACE—Retrospective AMI Study, 
we also included a more recent sample of patients 
admitted in 2015 using the same two-stage random 
sampling process. Briefly, in the first stage, we identified 
hospitals using a simple random sampling procedure 
within five economic-geographic regions: Eastern rural, 
Central rural, Western rural, Eastern urban and Central/
Western urban. We stratified on both location and urban–
rural classifications because economic development and 
clinical capacities differed across these categories. We 
sampled representative hospitals from 2011 to reflect 
current practices and used the same hospitals for the 
2006, 2001 and 2015 so as to describe temporal trends. 
In the second stage, we sampled AMI cases from hospital 
databases in 2001, 2006, 2011 and 2015 using random 
sampling procedures.

Trained personnel at the national coordinating centres 
abstracted data from the medical records using stan-
dardised data definitions. Data abstraction quality was 
rigorously monitored by randomly auditing 5% of the 
medical records, in a process that ensured that the overall 
variable accuracy exceeded 98%.16 We also obtained 
information on the organisational learning culture of 
hospital in 2013 through questionnaires completed by 
the director and a physician of the Cardiology Depart-
ment in each participating hospital (see online supple-
mentary appendix).17

The Ethics Committee at the National Center for 
Cardiovascular Diseases approved the study. All collabo-
rating hospitals either accepted central ethics approval 
or obtained local ethics approval by their ethics commit-
tees. Given the retrospective nature of the data and the 
lack of personal identifiers, patient-level consent was not 
required. The study was registered with ​ClinicalTrials.​gov.

Study sample
Among the randomly sampled patients hospitalised for 
AMI in 2001, 2006, 2011 and 2015, only patients with 
a definite discharge diagnosis of AMI were included. 
We were unable to exclude patients with hypomagne-
saemia, because magnesium levels were not collected. 
However, we excluded patients with chart-documented 
hypokalaemia during their hospitalisation, which could 
also represent an indication for magnesium repletion. 
In hospital-level analysis, only hospitals with 10 or more 
cases in a study year were included.

Variables
Receipt of intravenous magnesium sulfate was ascer-
tained from the medical record. Patient-level charac-
teristics abstracted from the medical records included 
demographics (age, gender), medical history (hyper-
tension, diabetes, dyslipidaemia, current smoking, and 
history of myocardial infarction; coronary heart disease; 
ischaemic stroke; coronary artery bypass grafting; or 
primary coronary intervention (PCI)), clinical presenta-
tion (chest discomfort, heart rate, systolic blood pressure 
on admission and left bundle branch block on ECG), as 
well as in-hospital complications (cardiac arrest, cardio-
genic shock and acute stroke) and year of hospitalisa-
tion (2001, 2006, 2011, 2015). The outcomes included: 
(1) in-hospital mortality or withdrawal from treatment 
due to a terminal status at discharge and (2) in-hospital 
composite of major complications (including death, with-
drawal from treatment, reinfarction, shock, ischaemic 
stroke or congestive heart failure (online supplementary 
appendix). Hospital characteristics included teaching 
status, PCI capability, economic geographic regions and 
urban or rural location.

Organisational learning culture was measured with 
Learning Organization Survey (LOS-27, an abbreviated 
version of the original Garvin et al Learning Organization 
Survey).18 The LOS-27 consists of 27 questions, grouped 
into seven domains of organisational learning character-
istics, including supportive learning environment, time 
for reflection, leadership that reinforces learning, exper-
imentation, training, knowledge acquisition and perfor-
mance monitoring.

Statistical analysis
To examine the trends at both the population and hospital 
levels across different study periods, p-values for trends 
were reported using the Cochran-Armitage test. We 
described the hospital-level distribution of the intrave-
nous magnesium sulfate use among the hospitals with at 
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least 10 patients with AMI in the study years. To further 
understand the hospital-level variation in intravenous 
magnesium sulfate use, we quantified interhospital varia-
tion using the median OR (MOR), by constructing gener-
alised estimating equations in 2001, 2006, 2011 and 2015, 
respectively. MOR represents the average (median) OR for 
receiving intravenous magnesium sulfate for two patients 
with AMI with similar clinical characteristics admitted to 
two randomly selected hospitals.

To understand the most current pattern in intravenous 
magnesium sulfate use, we constructed multivariable 
models using the data from 2015, which also adopted 
generalised estimating equations to account for the clus-
tering of patients within hospitals. Factors were selected 
based on clinical judgement and literature review,10 11 
including patient and hospital characteristics. All covariates 
showed in table 1, except those with frequencies below 1%, 
were included in the multivariable model. We transformed 
continuous variables (eg, age and heart rate) into cate-
gorical variables using clinically meaningful cut-off values, 
and then created dummy variables. From the multivariable 
model in 2015, we then computed risk-standardised rates 
for each hospital separately. The risk-standardised rate was 
calculated as the ratio of observed to predicted outcomes, 
multiplied by the overall unadjusted rate, a form of indirect 
standardisation. Regarding the different dosage of intrave-
nous magnesium sulfate, we conducted a sensitivity anal-
ysis to compare patients receiving multiple doses to those 
receiving a single dose of or no intravenous magnesium 
sulfate.

To compare the outcomes between patients with and 
without intravenous magnesium sulfate, we applied 
propensity score matching to adjust differences in 
observed characteristics between them. We obtained the 
log odds of the probability that patients received intrave-
nous magnesium sulfate with modelling a function of all 
the variables in table 1. Then we performed a one-to-one 
no replacement match between the two groups based 
on the estimated propensity score. The no intravenous 
magnesium sulfate patients was matched if patient had the 
closest score with a randomly selected intravenous magne-
sium sulfate patient and were considered eligible to match 
if the estimated logit was within 0.6 SD of the selected 
intravenous magnesium sulfate patient. This matching 
interval has been shown to eliminate approximately 90% 
of the bias in observed confounders (online supplemen-
tary appendix).19

For the questionnaire with LOS-27 (online supplemen-
tary appendix), we analysed the responses at the hospital 
level by calculating the average of the two responses to each 
question. Responses were categorised as positive if they 
were ≥5 on a 7-point scale or ≥4 on a 5-point scale. We then 
calculated the positive response rate at each hospital as the 
proportion of questions that had a positive response by the 
hospital, and demonstrated the correlations between posi-
tive response rate and risk-standardised rate of intravenous 
magnesium sulfate use in 2015, as well as the reduction in 
intravenous magnesium sulfate use from 2011 to 2015.

All comparisons were two-sided, with statistical signifi-
cance defined as p-value less than 0.05. Statistical analysis 
was done with SAS software, V.9.4, and R software, V.3.3.1.

Patient and public involvement statement
Patients or public were not involved in the development 
of the study protocol.

Results
Study population
We identified 28 208 patients with AMI in 2001, 2006, 
2011 and 2015 admitted to 162 hospitals. After excluding 
patients with hypokalaemia (<3.5 mmol/L, n=3790), 
24 418 patients remained, including 2073 in 2001, 3888 
in 2006, 8117 in 2011 and 10 340 in 2015 (figure  1). 
Almost half (41.2%) of the patients were hospitalised in 
rural areas. In the study population, the average age was 
65.1±12.7 years, 29.7% were female, almost three quar-
ters had at least one cardiac risk factors (hypertension, 
diabetes, dyslipidaemia or smoking) and about 10% had 
has a prior myocardial infarction or ischaemic stroke 
(table 1).

Temporal trends and regional variations in intravenous 
magnesium sulfate use
Over time, there was a significant initial decrease in the 
use of intravenous magnesium sulfate, from 32.1% (665) 
in 2001 to 18.4% (715) in 2006, 15.4% (1251) in 2011 
and 17.1% (1763) in 2015 (p<0.001 for trend) (figure 2). 
There was significant variation in the temporal trends 
of use of intravenous magnesium sulfate across the five 
strata (p<0.001 for interaction). In general, the decline 
was greater in the Eastern region (16.8% (from 33.3% 
in 2001 to 16.5% in 2015), p<0.001) and Western region 
(16.6% (from 34.8% in 2001 to 17.2% in 2015), p<0.001), 
compared with the Central regions (7.8% (from 25.9% 
in 2001 to 18.1% in 2015), p<0.001). There was a more 
modest difference between rural areas (16.3% (from 
31.6% to 15.3%), p<0.001) than in urban areas (13.9% 
(from 32.4% to 18.5%), p<0.001). No significant asso-
ciation was found between the positive response rate 
of LOS-27 in 2013 and the hospital-level reduction in 
intravenous magnesium sulfate use from 2011 to 2015 
(R2=0.011, p=0.237) (online supplementary appendix).

Hospital-level distributions in intravenous magnesium sulfate 
use
We examined hospital-level rates of intravenous magne-
sium sulfate use among hospitals with 10 or more cases 
per year, and observed a downward trend in the median, 
from 17.4% in 2001, 9.1% in 2006, 8.0% in 2011 to 10.7% 
in 2015 (figure 3). However, the proportion of hospitals 
still using magnesium sulfate were 81.3% in 2001, 84.8% 
in 2006, 76.6% in 2011 and 77.9% in 2015, with no signifi-
cant decline (p for trend=0.26). Even in 2015, a quarter of 
hospitals had rates of intravenous magnesium sulfate use 
exceeding 25%. The MORs (95% CI) of each year char-
acterised similar degrees of hospital-level variation (6.03 
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Table 1  Baseline characteristics of using intravenous magnesium sulfate

Characteristics Overall, N (%) Use, n (%) Non-use, n (%) P value

Patient characteristics

Age (years) 0.234

 � <55 5262 (21.5) 938 (21.3) 4324 (21.6)

 � 55–64 5821 (23.8) 1072 (24.4) 4749 (23.7)

 � 65–74 6989 (28.6) 1290 (29.4) 5699 (28.5)

 � ≥75 6346 (26.0) 1094 (24.9) 5252 (26.2)

Gender 0.144

 � Female 7257 (29.7) 1346 (30.6) 5911 (29.5)

 � Male 17 161 (70.3) 3048 (69.4) 14 113 (70.5)

Hypertension 12 551 (51.4) 2247 (51.1) 10 304 (51.5) 0.7

Diabetes 4758 (19.5) 768 (17.5) 3990 (19.9) <0.001

Dyslipidaemia 1588 (6.5) 235 (5.3) 1353 (6.8) <0.001

Currently smoking 8084 (33.1) 1496 (34.0) 6588 (32.9) 0.144

Prior ischaemic stroke 2706 (11.1) 546 (12.4) 2160 (10.8) 0.002

Prior myocardial infarction 2504 (10.3) 416 (9.5) 2088 (10.4) 0.057

Prior CABG/PCI 713 (2.9) 104 (2.4) 609 (3.0) 0.016

Chest discomfort 22 211(91) 4021 (91.5) 18 190 (90.8) 0.161

Left branch block at presentation 342 (1.4) 65 (1.5) 277 (1.4) 0.624

Cardiac arrest at presentation 271 (1.1) 81 (1.8) 190 (0.9) <0.001

Cardiogenic shock at presentation 1436 (5.9) 279 (6.3) 1157 (5.8) 0.145

Acute stroke at presentation 530 (2.2) 77 (1.8) 453 (2.3) 0.036

Heart rate at presentation, beats per minute 0.052

 � <50 1019 (4.2) 177(4.0) 842 (4.2)

 � 50–110 21 760 (89.1) 3886 (88.4) 17 874 (89.3)

 � >110 1639 (6.7) 331 (7.5) 1308 (6.5)

SBP at presentation, mm Hg 0.004

 � <120 8181 (33.5) 1565 (35.6) 6616 (33.0)

 � 120–139 7534 (30.9) 1299 (29.6) 6235 (31.1)

 � 140–159 5041 (20.6) 913 (20.8) 4128 (20.6)

 � ≥160 3662 (15.0) 617 (14.0) 3045 (15.2)

New onset of heart failure 2506 (10.3) 569 (12.9) 1937 (9.7) <0.001

Medication within 24 hours

 � Aspirin 13 742 (56.3) 2688 (61.2) 11 054 (55.2) <0.001

 � ACE inhibitors or angiotensin receptor 
blockers

13 662(56.0) 2541 (57.8) 11 121 (55.5) 0.006

 � β-blockers 10 051 (41.2) 1768 (40.2) 8283 (41.4) 0.169

 � Clopidogrel 10 572 (43.3) 1845(42.0) 8727 (43.6) 0.054

 � Statins 13 031 (53.4) 2398 (54.6) 10 633 (53.1) 0.076

Reperfusion therapies <0.001

 � No reperfusion 18 720 (76.7) 3130 (71.2) 15 590 (77.9)

 � Fibrinolytic therapy 3136 (12.8) 746 (17.0) 2390 (11.9)

 � Primary PCI 2562 (10.5) 518 (11.8) 2044 (10.2)

Hospital characteristics

Teaching hospital 19 081 (78.1) 3462 (78.8) 15 619 (78.0) 0.252

PCI-capable hospital 15 876 (65.0) 2768 (63.0) 13 108 (65.5) 0.002

Continued
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Characteristics Overall, N (%) Use, n (%) Non-use, n (%) P value

Hospital level 0.075

 � Secondary or lower 9045 (37.0) 1576 (35.9) 7469 (37.3)

 � Tertiary hospital 15 373 (63.0) 2818 (64.1) 12 555 (62.7)

Economic geographic region 0.01

 � Eastern 13 614 (55.8) 2360 (53.7) 11 254 (56.2)

 � Central 5886 (24.1) 1115 (25.4) 4771 (23.8)

 � Western 4918 (20.1) 919 (20.9) 3999 (20.0)

Urban/rural 0.003

 � Rural 10 064 (41.2) 1724 (39.2) 8340 (41.7)

 � Urban 14 354 (58.8) 2670 (60.8) 11 684 (58.3)

CABG, coronary artery bypass grafting; PCI, primary coronary intervention; SBP, systolic blood pressure.

Table 1  Continued

Figure 1  Flow chart of study cohort. AMI, acute myocardial infarction; IV, intravenous.

(3.93 to 8.52) in 2001, 3.86 (3.00 to 4.77) in 2006, 4.26 
(3.38 to 5.20) in 2011 and 4.72 (3.70 to 5.83) in 2015).

Patient and hospital characteristics associated with 
intravenous magnesium sulfate use
In univariate analysis, patients receiving intravenous 
magnesium sulfate were more likely to not have diabetes, 
dyslipidaemia or a prior revascularisation were more likely 
to have had a prior ischaemic stroke or cardiac arrest at 
presentation. They were more likely to receive reperfusion 
therapy, be at urban hospital or be in Central or Western 
regions (table 1). In the multivariable model, presence 
of cardiac arrest at admission (OR 3.38, 95% CI 2.50 to 
5.82, p<0.001), receipt of aspirin within 24 hours (1.43 
(1.22 to 1.67), statin use (1.33 (1.13 to 1.57), reperfusion 
therapy (1.67 (1.35 to 1.90) for fibrinolytic therapy, 1.69 
(1.44 to 1.98) for primary PCI, both p<0.0001) and onset 
of heart failure (OR 1.69, 95% CI 1.34 to 2.09, p<0.001) 
were positively associated with intravenous magnesium 

sulfate use (online supplementary appendix). No signifi-
cant difference was identified across the teaching status, 
economic geographic region and rural/urban of hospi-
tals (table  1). The risk-standardised rate of intravenous 
magnesium sulfate use in 2015 was not associated with 
the positive response rate of LOS-27 (R2=0.027, p=0.04) 
(online supplementary appendix).

In-hospital outcomes of patients with and without intravenous 
magnesium sulfate use
In the patients treated with intravenous magnesium 
sulfate, the crude rates of in-hospital death (7.5% vs 
6.4%) (figure  4), in-hospital death or treatment with-
draw (10.8% vs 9.5%) and in-hospital composite of major 
complications (22.0% vs 17.6%) were higher than in 
patients without intravenous magnesium sulfate therapy 
(p<0.01 for all). After adjusted for hospital characteris-
tics, patient risk profiles, medication and reperfusion 
therapies, using propensity score matching, the patients 

https://dx.doi.org/10.1136/bmjopen-2019-033269
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Figure 2  Trends of intravenous (IV) magnesium sulfate 
therapy in 2001, 2006, 2011 and 2015 in five economic-
geographic regions.

Figure 3  Intravenous (IV) magnesium sulfate use in 2001, 
2006, 2011 and 2015 among all hospitals.

treated with intravenous magnesium sulfate had still 
higher risk for in-hospital death (OR 1.18,95% CI 1.03 
to 1.36, p=0.01), in-hospital death or treatment withdraw 
(OR 1.24, 95% CI 1.09 to 1.41, p=0.001) and in-hospital 
composite of major complications (OR 1.32, 95% CI 1.19 
to 1.47, p<0.001).

Different dose of intravenous magnesium sulfate
We hypothesised that that magnesium sulfate prescribed 
more than once was more likely to be a routine admin-
istration than the single dose that is commonly used for 
repletion or arrhythmias. Thus, we conducted a sensi-
tivity analysis focusing on multiple doses. The sensitivity 
analysis showed that there was also a significant decrease 

in the multiple doses of intravenous magnesium sulfate, 
from 28.9% in 2001 to 14.5% in 2006, 10.9% in 2011 and 
11.31% in 2015 (p<0.001 for trend). Nearly identical 
predictors of intravenous magnesium sulfate use were 
found when we compared patients receiving multiple 
doses with those without receiving intravenous magne-
sium sulfate (online supplementary appendix).

Discussion
In this large nationally representative study, we found 
that despite an initial decline in the use of intravenous 
magnesium sulfate for patients with AMI in China after 
2001, about one in six patients continued to be treated 
with it through 2015. Furthermore, there was substantial 
variation in the use of intravenous magnesium sulfate 
use across hospitals. No hospital characteristics were 
associated with intravenous magnesium sulfate use after 
adjusting for patient factors, including cardiac arrest 
and use of reperfusion therapy during hospitalisation.

Our study is the first, to our knowledge, to characterise 
the rate of deadoption of magnesium sulfate in patients 
with AMI in China. The only real-word study on the use 
of magnesium sulfate to treat AMI, which was based on 
data from the National Registry of Myocardial Infarction 
(NRMI-2) in the USA, found that the use rate of magne-
sium sulfate in patients within first 24 hours after AMI 
was 5.1% in the years 2001–2005 after the US guideline 
recommended against the use of magnesium sulfate.20 
Questionnaire for chief cardiologist from 2500 hospital 
in China in 1998 revealed that 47% of physician would 
prescribe magnesium sulfate for patients with AMI.21 In 
contrast in 2015, threefold more Chinese patients with 
AMI were receiving magnesium sulfate. This is congruent 
with a survey among cardiologists in 2012, where over 
one-fifth reported that they were routinely using magne-
sium sulfate in patients with acute coronary syndrome.22

Several patient characteristics were identified to be 
associated with the use of intravenous magnesium sulfate 
for AMI. It was plausible that the presence of cardiac 
arrest or reperfusion therapy may spur some physicians to 
use magnesium sulfate to prevent arrhythmias, according 
to prior studies in both China and other countries.16 23–26 
These explanations, even though not recommended by 
the guidelines, highlighted the gaps in physicians’ prac-
tice and highlights the needs for targeted education in 
the future.

The hospital-level and regional variations in intravenous 
magnesium sulfate highlights the marked variability with 
which different hospitals adopted new evidence about 
the lack of benefit from intravenous magnesium sulfate 
use. On the one hand, magnesium sulfate use in 2015 
was neither associated with hospital-specific characteris-
tics, nor different across geographic or socioeconomic 
regions. The teaching status or tertiary level did not trans-
late into the better performance in this measure, which 
underscores the widespread need for continued educa-
tion and evaluation of clinical practice. On the other 

https://dx.doi.org/10.1136/bmjopen-2019-033269
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Figure 4  In-hospital outcomes between patients with and without intravenous (IV) magnesium sulfate.

hand, the regional variation in deadoption of magnesium 
sulfate during the 15-year period seemed not directly 
related to the regional socioeconomic development status 
that might be assumed to affect the resources available 
for acquiring and implementing guideline recommen-
dation. Moreover, no evidence connects organisational 
learning culture with high performance, even much has 
been observed in studies of US hospitals.27 Given our 
findings, more research is needed to better understand 
current practice patterns that cause some hospitals to still 
use ineffective therapies.

Our findings raise several questions about the dissem-
ination and implementation of evidence and guidelines 
in China, particularly regarding education for physicians 
when long-standing therapies are demonstrated to be 
non-beneficial, and need to be deadopted. We hypoth-
esised that several factors may explain why the rate of 
magnesium sulfate use has remained relatively high in 
China. First, few actions have been taken to disseminate 
guidelines—after China published the guideline against 
intravenous magnesium sulfate for AMI in 2001,8 the 
textbook used in all Chinese medical colleges had not 
stopped recommending intravenous magnesium sulfate 
use in patients with AMI until 2009.28 Second, China’s 
hospital system is short for mechanisms to facilitate the 
implementation of guideline recommendations, and 
systematic approaches for monitoring the performance 
of hospitals and physicians in following the guidelines are 
lacking in China.29

The successful deadoption of non-beneficial or poten-
tially harmful therapies for corresponding disease, which 
could reduce costs and potentially prevent complica-
tions, requires more than increased efforts from the 
part of guideline developers.12 After the dissemination 
of the guideline, more complicated issues need to be 
addressed, including how to develop tools reminding 
and alerting physicians when non-recommended ther-
apies are ordered, how to establish a system to report 
feedback periodically on the appropriateness of treat-
ment by practitioners and hospitals, and how to design 

an accountability-oriented mechanism to prohibit inef-
fective regimen being prescribed.30 These issues could 
only be properly addressed through collaborations with 
researchers, educators, policy-makers and other stake-
holders.31 32

This study has several limitations that warrant consid-
eration. First, we could not exclude patients with some 
indications, such as hypomagnesaemia and episodes of 
Torsade de pointes. However, we estimate that the influ-
ence is relatively small given low prevalence of these 
conditions previously reported.33 34 Second, we did not 
have the ability to prospectively ask clinicians why they 
were prescribing intravenous magnesium sulfate, which 
limited our capability to gain better understanding of 
the use pattern and influencing factors. Third, our data 
were acquired retrospectively through medical record 
abstraction. Thus, the quality of our data depends on the 
accuracy and completeness of prior documentation and 
abstraction. Nevertheless, the standardised procedures 
for abstraction of medical records ensure the reliability 
of our results in describing the use pattern of magnesium 
sulfate in the real world. Also, we analysed the data at the 
hospital level and were not able to determine whether 
the observed patterns were due to only a few physicians 
or were common throughout a hospital’s staff. Finally, 
residual confounding of measured or unmeasured vari-
ables might affect the observed results about in-hos-
pital outcomes of patients with and without intravenous 
magnesium sulfate use.

In conclusion, the deadoption of magnesium sulfate for 
patients with AMI is suboptimal; moreover, the decrease 
of rate was slowing down recently, and steady at an unac-
ceptably high level. Our findings highlight the need for 
more efficient mechanisms to translate evidence-based 
therapies into clinical practice in China to improve 
patients’ outcomes and reduce medical waste.
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