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Abstract
Introduction
There is ubiquitous belief that right ventricular myocardial infarction (RVMI) patients are pre-load dependent, and that administering 
nitrates to this cohort may cause adverse events – most notably hypotension. This article charts a narrative history of RVMI and 
nitrates: from the initial recognition of RVMI and early support of the use of nitrates, through the spread of the view against nitrates, 
and to the recent publication of evidence once again supporting their use.

Methods 
Four databases were systematically searched (PubMed, Embase, Medline, Web of Science) and results screened by title, then 
abstract, and finally full text. Results were presented using a chronological narrative structure.

Results
The view against the use of nitrates during RVMI can be traced back to a single 1989 cohort study of 28 patients, then later being 
adopted by a series of influential secondary evidence papers, and ultimately by international guidelines. In 2016, 2017 and 2019, 
new cohort studies totalling 1046 patients were presented, all of which concluded that nitrates are safe to administer during RVMI. 

Conclusion
This article charts how a single retrospective cohort study with low statistical power came to form the dominant narrative on best 
practice despite complex and conflicting primary evidence.
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Introduction 
There is ubiquitous belief that right ventricular myocardial 
infarction (RVMI) patients are pre-load dependent, and that 
administering nitrates to this cohort may cause adverse events 
– most notably hypotension (1-3). This view can be traced back 
to a single 1989 cohort study of 28 patients, then later being 
adopted by a series of influential secondary evidence papers, 
and ultimately by international guidelines (4). New cohort studies 
totalling 1046 patients were published in 2016, 2017 and 2019, 
all of which concluded that nitrates were safest when given for 
RVMI (5-7). This article aims to chart the history of RVMI and 
nitrates: from the initial recognition of RVMI and early support 
of the use of nitrates, through the spread of the view against 
nitrates, and the recent publication of evidence once again 
supporting their use.

Methods 

As supported by the Joanna Briggs Institute, a three-part 
search strategy was used (8). First, an initial search of PubMed 
and Embase was undertaken using the keywords ‘myocardial 
infarction’, ‘nitrate’, ‘inferior’, ‘right ventricular’ and ‘hypotension’. 
Relevant articles were then scanned for additional keywords, 
which were incorporated into a full systematic search on 20 
January 2020. Due to delays related to the COVID-19 pandemic, 
the search was re-performed on 24 November 2020 on PubMed 
(Ovid, 1946-search date), Embase (Ovid, 1947-search date), 
Medline Complete (EBSCO, 1879-search date) and Web 
of Science Core Collection (Clarivate, 1900-search date). 
Limiters were used for English language. No date limitation was 
applied. Results were imported into Mendeley 2019 version 
1.19.4 (Mendeley Ltd, London, UK), duplicates were removed 
and results filtered by Richardson-Tench et al’s method of 
screening the title, then abstract, then full text (9). Finally, the 
reference lists of relevant articles were checked, and appropriate 
studies incorporated. Papers were assessed for inclusion by a 
single researcher, with the sole inclusion criteria of discussion 
surrounding adverse events (or their absence) following nitrate 
administration to RVMI. Exclusion criteria were articles that 
did not present primary evidence, administration of inhaled 
nitric oxide (as this does not cause systemic adverse events) 
and diagnosis of vasospasm (as nitrates often form definitive 
treatment for this cohort).

Results
The first stage search strategy of PubMed and Embase used to 
determine alternate keywords is shown in Tables 1 and 2. 

There were five duplicates between the two lists, leaving 18 
articles in total. The titles, abstracts and index terms of these 18 
articles were reviewed to produce alternative search terms used 
for the full systematic search. The full systematic search results 
are shown in Tables 3 to 6. 

Following the search, 628 citations were identified and uploaded 
to Mendeley 2019 (version 1.19.4). With duplications removed, 

495 citations remained. First, these were screened by title, 
abstract and then full text by a sole reviewer for assessment 
against the inclusion criteria for the review. Second, the 
remaining 27 articles had their full text imported. Third, the 
reference list of the 27 studies selected for critical appraisal 
were screened, and seven additional potentially relevant studies 
added for critique. Of these 34 studies, seven present primary 
evidence discussing adverse events from nitrate administration 
during RVMI. The systematic search is summarised in Figure 1. 

Table 1. Initial search of PubMed to determine keywords
Search Query Records retrieved

#1 “myocardial infarction” 240,620
#2 nitrate* 75,687
#3 “right ventric*” 61,101
#4 hypotension 344,109
#5 #1 AND #2 AND #3 AND #4 13

Limited to English language results 11

Table 2. Initial search of Embase to determine keywords
Search Query Records retrieved

#1 “myocardial infarction” 294,460
#2 nitrate* 114,889
#3 “right ventric*” 117,916
#4 hypotension 170,775
#5 #1 AND #2 AND #3 AND #4 12

Limited to English language results 12

Table 3. PubMed search results
Search Query Records retrieved

#1 “myocardial infarction” OR 
AMI OR infarct* OR “acute 
coronary syndrome*” OR 
ACS OR “heart attack” OR 
ischaem* OR ischem* OR 
STEMI OR NSTEMI OR “ST-
elevation” OR “ST elevation” 
OR STEACS OR NSTEACS 
OR OMI

687,177

#2 nitrate* OR nitroglycerin OR 
trinitr* OR GTN OR TNG

95,963

#3 (“right ventric*” OR RVMI OR 
RVEF OR V4R) OR (inferior 
OR IWMI)

188,205

#4 “adverse event” OR AE OR 
hypotension OR dysrhythmia 
OR arrhythmia OR 
bradycardia OR tachycardia 
OR disassociation OR block 
OR syncope OR arrest OR 
death OR mortality OR 
morbidity

6,025,635

#5 #1 AND #2 AND #3 AND #4 101
Limited to English language results 101
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Table 4. Embase search results
Search Query Records retrieved

#1 myocardial infarction OR 
AMI OR infarct* OR acute 
coronary syndrome* OR ACS 
OR heart attack OR ischem* 
OR ischaem* OR STEMI OR 
NSTEMI OR ST#elevation 
OR STEACS OR NSTEACS 
OR OMI

1,262,230

#2 nitrate* OR nitroglycerin OR 
trinitr* OR GTN OR TNG

172,725

#3 (right ventric* OR RVMI OR 
RVEF OR V4R) OR (inferior 
OR IWMI)

356,643

#4 adverse event OR AE OR 
hypotension OR dysrhythmia 
OR arrhythmia OR 
bradycardia OR tachycardia 
OR disassociation OR block 
OR syncope OR arrest OR 
death OR mortality OR 
morbidity

4,914,935

#5 #1 AND #2 AND #3 AND #4 504
Limited to English language results 450

Table 5. Medline search results
Search Query Records retrieved

#1 “myocardial infarction” OR 
AMI OR infarct* OR “acute 
coronary syndrome*” OR 
ACS OR “heart attack” OR 
isch?em* OR ?STEMI OR 
“ST#elevation” OR ?STEACS 
OR OMI

449,713

#2 nitrate* OR nitroglycerin OR 
trinitr* OR GTN OR TNG

100,720

#3 (“right ventric*” OR RVMI OR 
RVEF OR V4R) OR (inferior 
OR IWMI)

210,149

#4 “adverse event” OR AE OR 
hypotension OR dysrhythmia 
OR arrhythmia OR 
bradycardia OR tachycardia 
OR disassociation OR block 
OR syncope OR arrest OR 
death OR mortality OR 
morbidity

2,874,105

#5 #1 AND #2 AND #3 AND #4 58
Limited to English language results 44

Table 6. Web of Science search results
Search Query Records 

retrieved
#1 “myocardial infarction” OR 

AMI OR infarct* OR “acute 
coronary syndrome*” OR 
ACS OR “heart attack” OR 
isch$em* OR STEMI OR 
NSTEMI OR “ST?elevation” 
OR STEACS OR NSTEACS 
OR OMI

844,071

#2 nitrate* OR nitroglycerin OR 
trinitr* OR GTN OR TNG

240,155

#3 (“right ventric*” OR RVMI OR 
RVEF OR V4R) OR (inferior 
OR IWMI)

213,088

#4 “adverse event” OR AE OR 
hypotension OR dysrhythmia 
OR arrhythmia OR 
bradycardia OR tachycardia 
OR disassociation OR block 
OR syncope OR arrest OR 
death OR mortality OR 
morbidity

3,378,283

#5 #1 AND #2 AND #3 AND #4 42
Limited to English language results 33

Discussion
1932 to 1974: First clinical description 
Right ventricular myocardial infarction has been described in 
autopsy studies since at least 1932, but due to studies during 
the 1940s and 1950s was believed to have little haemodynamic 
impact (10-13). A 1943 study concluded that inducing severe 
RVMI in dogs produced no haemodynamic compromise; 
this was subsequently supported by a 1952 study (also of 
induced infarction in dogs) which went as far as to conclude 
“a normal, contractile right ventricular wall is not necessary 
for the maintenance of a normal circulation” (12,13). Further 
studies in 1952 and 1959 instead attributed any haemodynamic 
effects noted during RVMI to concomitant left ventricular 
failure (14,15). RVMI only received mainstream recognition 
as a unique clinical and haemodynamic syndrome following a 
cohort study of six patients by Cohn et al in 1974 (16). In this 
study, all six presented with hypotension in the 70–90 mmHg 
systolic range and jugular venous distention. Four additionally 
had clear lungs on imaging. During their time in hospital, all 
six were catheterised and found to have increased right atrial 
pressure (mean 20.2 mmHg – compared to a normal pressure 
of ~7–10 mmHg) with normal left ventricular end diastolic 
pressure, suggesting no meaningful left ventricular infarction 
(16,17). ECG showed five had inferior wall infarction (the sixth 
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was anterolateral), and four had third-degree blocks attributed 
to atrioventricular nodal ischaemia. Shock in three patients was 
effectively treated with volume loading. Two of these patients 
died in hospital, and autopsy confirmed right ventricular necrosis 
without other gross pathologies. The third shocked patient was 
administered a nitroprusside infusion that “increased cardiac 
output” and survived. The other three patients survived to 
discharge and were diagnosed based on similar clinical and 
ECG presentation. 

The 1974 study by Cohn et al is a landmark paper for three 
reasons. First, it is the earliest published diagnosis of RVMI on 
living patients, and recognition of RVMI syndrome. Second, the 
triad of hypotension, jugular venous distention and clear lungs 
would form the basis of published discussion for the clinical 
presentation of RVMI in the following years and remains in 
use (with additions) today (18-22). Finally, it suggested fluid 
challenge was appropriate as first line therapy for hypotension, 
a view affirmed by subsequent studies and that also remains 
current today (19,23). Additionally, it stated “the ability of the 
right ventricle to maintain adequate left ventricular filling is 
impaired”, reiterating the earlier theory that RVMI patients are at 
risk of low cardiac output (16,24,25). This paper is also notable 
as the first administration of nitrates to RVMI, with a beneficial 
outcome noted. Using the crude metric of citation count, this 
paper has had a significant impact on the literature, with over 

700 citations at the time of writing.

1970s to 1980s: Ongoing research into clinical presentation 
The 1974 paper by Cohn et al was the first in a series of papers 
over the following decade to investigate the clinical presentation 
of RVMI. Seven months later, Rotman et al presented a single 
case study of a patient death from RVMI, again stating the 
presence of hypotension, jugular venous distention, clear 
lung fields and inferior ST elevation (20). In 1979, Lorell et al 
presented a retrospective cohort study of 12 patients diagnosed 
with RVMI (21). All 12 had jugular venous distention with clear 
lungs, and nine presented with hypotension and increased right 
filling pressures. In 1981, Lloyd et al undertook a retrospective 
cohort study investigating the haemodynamics of 19 RVMI 
patients. Of the 19 patients, 13 were hypotensive and six 
experienced cardiogenic shock (22). These papers solidified 
Cohn et al’s diagnostic triad and raised awareness of increased 
right atrial loading pressure due to decreased right ventricular 
output.

Further research also supported the hypothesis that fluid 
challenge was effective in offsetting any hypotension (21,22,26). 
In 1983, Goldstein et al performed a prospective interventional 
cohort study on seven dogs, inducing RVMI via right coronary 
artery balloon embolus, then testing the efficacy of fluid bolus 
(23). Fluids were found to be effective on all parameters; after 

Figure 1. PRISMA diagram of the systematic search.
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embolisation, cardiac output dropped from 1.9 L/m to 1.3 L/m 
in 5 minutes and increased to 1.8 L/m following a 500 mL fluid 
challenge over 10 minutes. 

1989: First original research directly on nitrate safety during 
RVMI 
Adverse events from nitrate administration during RVMI had 
been incidentally mentioned in seven papers in the decade 
following Cohn et al (22,27-32). Three (seven patients) had 
found evidence of transient hypotension, while four (35 patients) 
had not. All of these articles focussed on different topics, 
and overall the reliability of the evidence is poor. However, 
they would have little impact on the literature and all would 
be overshadowed by a far more influential study directly 
investigating the topic.

In 1989, Ferguson et al published the first primary evidence 
directly focussing on the effect of nitrates on the haemodynamics 
of patients experiencing inferior and right ventricular infarcts 
(4). Via a retrospective cohort study of two separate but 
overlapping populations, Ferguson et al tested two questions: 
does hypotension in response to nitrates predict RVMI (40 
patients enrolled); and do RVMI patients have a higher rate 
of hypotension in response to nitrates (28 patients enrolled)? 
In the second research question tested, all 28 patients were 
experiencing dual inferior and RVMI (diagnoses based on ECG 
and enzymes) and administered nitrates. Of these, 20 (71%) 
developed hypotension (defined as a drop in systolic blood 
pressure over 30 mmHg) after nitrate administration. Another five 
developed hypotension spontaneously. This paper provides the 
first caution against nitrate administration during RVMI, stating 
“the administration of nitrates in patients with documented RV 
infarction may provoke a hypotensive response… patients with 
RV infarction may be exquisitely sensitive to changes in preload” 
(4). 

However, the study contains several methodological 
weaknesses. Both the authors and later commentary 
acknowledge the sample size of 28 is small, and that they were 
retrospectively selected. Additionally, the authors acknowledge 
that their ECG interpretation technique was not reliable, as 
the method they used may not pick up all RVMIs when there 
is concomitant left ventricular infarction – such that only large 
RVMIs are detected. This means it is possible there are subtle 
RVMIs that weren’t included in the RVMI arm of the study, 
potentially skewing the results towards a higher significance 
level. The authors ultimately concluded “the risks of nitrate 
administration in patients with known RV infarction awaits larger, 
prospective, randomised studies” (4). However, while every 
subsequent cohort study would conclude that nitrates may be 
safely be administered during RVMI, this evidence would be 
largely ignored. Ferguson et al’s study would go on to instead 
form the dominant narrative and be cited over 50 times in the 
following 30 years – including by the American Heart Association 
in its inaugural 1996 guidelines, and by many of the significant 
studies on this topic that would later come (33).

1989 – 2016: The perspective against nitrates for right 
ventricular infarction
Interestingly, before Ferguson et al in 1989 the literature was 
partially supportive of the administration of nitrates to RVMI. The 
initial paper by Cohn et al stated that vasodilators could reduce 
left atrial filling pressure, in turn increasing right ventricular 
ejection fraction and finding that administration corrected shock 
(22). Dell’Italia et al and Hiroe et al concluded that there were 
no complications from nitroprusside and nitroglycerin infusions 
respectively (29,31). Contrasting evidence was also presented 
instead suggesting increased rates of hypotension: Sharpe et al 
presented a case study mentioning transient hypotension from 
sublingual nitroglycerin, while Flaherty et al found the same 
from nitroglycerin infusion in four patients (27,30). Raabe and 
Chester concluded nitrate infusions were safe; however, their 
patients were simultaneously administered saline infusions, 
and interrogation of the underlying data is suggestive that 
hypotension may have been likely without this volume support 
(28). Therefore, until this point the evidence was strongly 
suggestive of the need for large-scale, prospective investigation.

However, this would not occur, and following the publication of 
Ferguson et al in 1989, the recommendation against providing 
nitrates in the setting of inferior or right infarcts became 
widespread, and sometimes misunderstood – for example, a 
1990 case study takes the data from the first cohort in Ferguson 
et al, and erroneously applies it to the research question in the 
second cohort (34). Evidence contradicting Ferguson et al’s 
findings would fail to achieve similar recognition: in 1994, Mittal 
et al published a follow-up to their 1992 study, cumulatively 
investigating 13 RVMI patients and concluding “we therefore 
feel that the cautious use of small doses of nitrates and diuretics 
under close monitoring is safe. This is contradictory to widely 
held views” (35,36). This work would seldom be cited. By 
contrast, that same year (1994) the most widely cited study since 
Cohn et al originally described clinical RVMI would be published. 
Kinch and Ryan published their influential paper ‘Right 
ventricular infarction’ in the New England Journal of Medicine, 
an article that provides a major summary of all research to 
date and recommendations for practice (37). Importantly, the 
paper endorses avoiding nitrates due to the risk of severe 
hypotension, with this recommendation based off Ferguson et al, 
Lloyd et al (which conversely concluded nitrates were beneficial 
during RVMI) and Goldstein et al’s 1983 study (no nitrates are 
administered in this study). This paper has since been cited 
over 500 times – including by the American Heart Association 
guidelines in 1996 (33).

This view against administering nitrates during RVMI soon 
became pervasive. In 1999, an expert opinion article by Funk 
and McGuire studied the risk of adverse events from nitrates 
and, despite concluding adverse events appear to occur in less 
than 5% of cases, concluded that “because of their dependence 
on preload, patients suspected of having RVMI should be 
given nitrates with great caution, if at all” (38). This article cited 
Ferguson et al and Kinch and Ryan (itself reliant on Ferguson 
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et al) in reaching this conclusion. In 2002, Goldstein provided 
a guideline on the management of right ventricular ischaemia 
(39). Goldstein’s paper draws attention to the importance of 
maintaining pre-load and recommends avoiding nitrates for 
RVMI, again with Ferguson et al the only evidence cited. This 
article has since been cited over 280 times. A 2003 randomised 
cohort study on right ventricular mortality rates by Jacobs et al 
advocated for avoiding nitrates in RVMI (40). The 2010 American 
Heart Association guidelines again recommended avoiding 
nitrates for RVMI, as did another 2013 expert opinion paper by 
Ondrus et al (41,42). All of these papers are solely reliant on 
the single 28-patient cohort study by Ferguson et al, with no 
discussion of the limitations of the primary data or mention of 
the 14 other articles published before 2010 presenting relevant 
data. As this popular opinion grew, further research on the topic 
diminished: during the two decades from Mittal et al until the next 
cohort study in 2016, the totality of evidence is limited to six case 
studies – four suggesting an increased risk of hypotension, and 
two suggesting nitrates are equally safe during RVMI (43-48).

2016 – present: New cohort evidence is presented
In 2016, Robichaud et al published a retrospective cohort 
study of 805 participants comparing the rate of adverse events 
(including hypotension defined both as a systolic <90 mmHg and 
as a drop of over one-third) when glyceryl trinitrate (dose 400 
mcg) was administered to inferior and other region infarctions 
(5). The paper conducted a subgroup analysis on RVMI (based 
on ECG criteria) compared to inferior-only infarction and stated: 
“we did not find an association between hypotension after NTG 
administration and the previously described standard 12-lead 
ECG features suggestive of right ventricular involvement in 
inferior STEMI” (p.5). The study also found no statistically 
significant difference between adverse events when glyceryl 
trinitrate was administered to inferior and other region infarcts 
(8.9% to 8.3%, p-value 0.80). However, the study is limited by 
no information being provided on the number of RVMI patients, 
investigation of isolated RVMI, and by using a more lenient 
definition of hypotension (systolic <90 mmHg instead of the 
more standard <100 mmHg). However, the article also contains 
two unique strengths. First, patients with multi-region infarcts 
were included in the inferior group, meaning analysis it is more 
likely to return a result that inferior rates of adverse events are 
highly; this essentially skews the study away from the conclusion 
that inferior and non-inferior acute myocardial infarctions are 
equally safe when administered nitrates, making that conclusion 
more reliable. Second, both computer and physician ECG 
interpretation were performed, with no significant differences 
found.

The overall hypotension rate was 8.2%, suggesting that 
hypotension will occur in one in every 12 patients who are 
administered glyceryl trinitrate, and that this will be regardless of 
the region where the infarction is occurring. The paper concluded 
“although it is widely recommended in the medical literature to 
use caution when administering nitroglycerin to patients with 
inferior STEMI, the only study supporting this statement is a 

retrospective cohort study published in 1989 by Ferguson et al” 
(5).

In 2017, McConnell et al published an abstract of a retrospective 
cohort study (presented at a conference) that compared the 
risk of adverse events between inferior and right ventricular 
infarctions administered nitrates in the pre-hospital environment 
(6). This paper included broader definitions of adverse events, 
including bradycardia <60 bpm, hypotension <100 mmHg 
systolic, hypotension drop >1/3, GCS drop 2+, syncope, arrest 
and death. The study included 46 patients, with 19 in the RVMI 
arm and 27 in the inferior-only arm. The rates of adverse events 
were 57.9% (n=11) to 37% (n=10) respectively, producing a 
p-value of 0.2. Arrest or death occurred in neither group. Due to 
the statistical insignificance of findings, the authors concluded 
that the “results of this study suggest no difference in the rate of 
AEs between patients with inferior STEMI and STEMI with RVI 
when NTG is administered in the prehospital setting” (6).

In 2019, Bosson et al conducted a prospective observational 
cohort study of 195 patients comparing the rates of adverse 
events (including bradycardia, hypotension as a systolic <100 
mmHg, hypotension as a drop of >30 mmHg, and arrest) based 
on which vessel was occluded on angiography (7). Their study 
found a relative risk of hypotension to right coronary artery 
occlusions of 0.64 (95% CI: 0.21-1.95) and the relative risk of 
bradycardia to right coronary artery occlusions of 1.30 (95% 
CI: 0.57-2.94), both statistically insignificant. However, this 
study only stated the vessel where the lesion occurred and 
did not confirm the infarct territory; variations in cardiac artery 
anatomy mean a site of lesion in some circumstances cannot be 
assumed to affect a particular myocardial region (19). Bosson 
et al distinguished between right coronary artery and other 
vessel lesions, and while right coronary artery occlusion is the 
primary cause of right ventricular infarction, it is also caused 
by ischaemia to the marginal branches of the left anterior 
descending in 15% of cases (7,29,30,37). Additionally, the 
study measured hypotension at emergency department arrival 
and afterwards; with an average pre-hospital transport time of 
11 minutes, it is possible that transient hypotension occurred 
with paramedics and was not included in study data. This may 
have skewed data towards a finding that nitrates are safe. The 
authors acknowledge this and justify it by reference to the clinical 
unimportance of brief hypotension that doesn’t persist over the 
11-minute average transport time, and by stating that this study 
reflects the clinical realities of treatment rather than laboratory 
conditions. The study concluded that giving nitrates to right 
coronary artery occlusions was the safest of any lesion site.

Limitations
This article does not seek to suggest that the current orthodoxy 
against nitrate administration during RVMI should be overturned. 
Instead, it suggests that the evidentiary picture is more nuanced 
than currently appreciated, and that evaluation of the totality 
of evidence should occur to judge the reliability of current 
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guidelines.

Conclusion 

The belief that nitrates should be withheld for right ventricular 
and inferior myocardial infarctions is now so ubiquitous that 
is included in the European Journal of Cardiology guidelines, 
American Heart Association guidelines, and multiple expert 
commentary pieces both domestic and international. Importantly, 
none of these current articles evaluate the original underlying 
data. Of the cohort studies of primary evidence, the three cohort 
studies published from 2016 to present, cumulatively including 
1046 patients, found nitrates could be administered without 
increased risk, while the 1989 cohort study of 28 patients 
remains the only cohort evidence suggesting increased risk. A 
quantitative review is appropriate to determining best practice.
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