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etroperitoneal hemorrhage (RPH) is the most dreaded
form of access site bleeding that can complicate percutaneous coronary intervention (PCI). It is associated with
high in-hospital mortality (as high as 12%), high transfusion
requirements, and prolongation of hospital stay.1–4 Early recognition of RPH is confounded by the fact that the symptoms are vague and nonspecific, often consisting of lower
abdominal, groin, and back pain,3 which are common among
patients who are supine on the procedure table, and recognition is often delayed until the patient is significantly volume
depleted and often hypotensive. In 1 series, 58% of RPHs
were observed >90 minutes after completion of the PCI procedure, and 27% were observed >3 hours later.3 Although not
all RPHs are consequences of access site puncture, and may
occasionally be the response of friable and diseased vessels to
an anticoagulation regimen, the vast majority are mechanical
in origin. Most occur as a result of femoral artery or external
iliac puncture at or above the border of the inferior epigastric
artery or above the femoral head.5 Precise localization of the
puncture is particularly concerning as in 1 study, even among
experienced operators, >10% of femoral punctures involved
a vessel other than the common femoral artery.6

the advantage of including all patients undergoing PCI in the
United Kingdom. During this period, a total of 291 patients
with RPH were identified and characterized. The frequency
of RPH declined from 0.09% in the first year to 0.03% in the
last. Declines were most notable among patients in what were
previously recognized as the highest risk subgroups: patients
with ST-segment–elevation myocardial infarction, women,
and the elderly (age >80 years). What distinguishes this series
from prior reports of RPH is that during this 8-year period,
the use of transradial access for PCI increased from 21% to
74% within the registry. The curve illustrating this rise stands
in stark juxtaposition to that showing the fall in RPH; the 2
lines are nearly perpendicular. In the current report, the odds
ratio for developing RPH was 19.66 (95% confidence interval, 11.22–34.33). In other words, >95% of RPHs were access
site related. Further support indicating that the transition from
transfemoral to transradial access was responsible for the
decreased incidence of RPH comes from the observation that
the rate of RPH for the transfemoral route remained constant
at ≈0.1% during the 8-year period while that for the transradial approach also remained constant at <0.01%.7 The latter
findings would make it difficult to argue that further changes
in femoral sheath size and technique or antithrombotic strategy akin to those observed by Doyle et al1 were responsible.
The evidence base that ultimately defines standard
clinical practice usually relies on data from select populations in randomized clinical trials that are ultimately confirmed in broader populations in real-world settings. Two
large randomized clinical trials (and several smaller ones)
have studied transradial PCI in patients with acute coronary
syndromes. The first one, RIVAL (Radial Versus Femoral
Access for Coronary Intervention), found that vascular
access complications were considerably less common when
the radial approach was used and that bleeding tended to
be less common, but the trial did not find the composite
of bleeding and ischemic events to be less frequent with
transradial catheterization.8 In the second trial, MATRIX
(Minimizing Adverse Haemorrhagic Events by Transradial
Access Site and Systemic Implementation of AngioX), not
only was access site bleeding less common in the transradial
versus transfemoral cases, but a composite of ischemic and
hemorrhagic events was also reduced by ≈25% and all-cause
mortality was reduced by 28%.9 In both trials, the benefits
were observed primarily in centers with more extensive
transradial experience. These points have been reiterated
multiple times. Extension of these trial findings to a broader
population was provided by the authors of the current study.
In an earlier analysis of 444 853 PCIs within the British
Cardiovascular Intervention Society database, they reported
that performance of transradial PCI was independently associated with a decreased risk of mortality (odds ratio, 0.70;

See Article by Kwok et al
Thankfully, RPH is uncommon, and its frequency has
been decreasing. In a report published in 2008, Doyle et al1
reported on major vascular access bleeding among 17 901
patients undergoing PCI between 1994 and 2005. During this
time, the frequency of RPH fell from 0.8% to 0.3%. The investigators attributed this change to smaller sheath size, reduced
intensity and duration of periprocedural heparin anticoagulation, and shorter procedure times.1 The report by Kwok
et al7 in the current issue of Circulation: Cardiovascular
Interventions should be viewed as the next iteration of this
series, as it chronicles this decrement into the current era of
PCI. Kwok et al7 report on the frequency and management
of RPH among 511 106 consecutive patients enrolled in the
British Cardiovascular Intervention Society database who
underwent PCI between 2007 and 2014. This database has
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95% confidence interval, 0.66–0.74), and they estimated that
actual adoption of the technique resulted in a total of 450
fewer deaths between 2005 and 2012. Moreover, the mortality reduction was greatest in areas of the United Kingdom
where transradial PCI was most frequent and much less pronounced in regions where this approach was least frequently
used. These estimates do not reflect predictions of lives that
might have been saved, but rather are estimates of deaths
that were actually prevented.10 Although the randomized trials placed what were at the time fairly rigorous restrictions
on operator experience with transradial PCI (minima of 50
diagnostic or interventional cases in RIVAL8 and 75 interventions in MATRIX9), the British Cardiovascular Intervention
Society data represent the experience of all PCI operators in
the registry and include their learning curves.
A recent update to the European Society of Cardiology
assigned a class I indication to transradial PCI in patients
with acute coronary syndromes.11 Although this approach
now seems to be used in the majority of patients around
the world, most estimates suggest that only about a third of
patients undergoing PCI in the United States do so via the
transradial approach.12 Multiple causes have been proposed
for this transoceanic difference. However, the most likely
explanation is that a considerable amount of energy, a fair
amount of evidence, and a hefty dose of courage are required
to make major changes in the way an experienced operator
performs a procedure with which he or she is already comfortable. It is even conceivable that the benefit of transradial PCI and the subsequent reduction in RPH may be even
greater in the United States. This would seem likely given
several dynamic factors including the increasing number
of patients with atrial fibrillation who require oral anticoagulants (expected to reach nearly 9 million by 202013), the
increasing number of patients with ST-segment–elevation
myocardial infarction who undergo primary PCI (>600 000
between 2009 and 201514), and perhaps most pointedly, the
growing epidemic of obesity (nearly 40% of adults and 20%
of children)15 which would predict increasing complexity of
transfemoral access.
Taken alone, reduction in a rare event is rarely adequate
to justify a broad shift in practice. However, RPH is the most
visible and perhaps most feared manifestation of the broader
spectrum of access site complications that are avoidable when
the transradial approach is selected. Although mortality statistics can rapidly become overwhelming, they are often convincing on an intellectual rather than a visceral level. Often,
they seem less credible when a clear causal mechanism cannot be identified. In contrast, events such as RPH are likely to
provoke a more rapid response because they are usually fairly
dramatic occurrences, occur while the patient is still being
observed in hospital, and are more clearly procedure related
rather than simply a consequence of the patient’s underlying
illness. In other words, the responsibility falls more squarely
on the shoulders of the operator. If RPHs are viewed as the
leading edge of the spectrum of periprocedural bleeding, perhaps the demonstration in the current study that these events
are virtually eliminated after adoption of the transradial
approach may provide impetus to foster wider adoption of this
technique.

Disclosures
None.

References
1. Doyle BJ, Ting HH, Bell MR, Lennon RJ, Mathew V, Singh M, Holmes DR,
Rihal CS. Major femoral bleeding complications after percutaneous coronary intervention: incidence, predictors, and impact on long-term survival
among 17,901 patients treated at the Mayo Clinic from 1994 to 2005. JACC
Cardiovasc Interv. 2008;1:202–209. doi: 10.1016/j.jcin.2007.12.006.
2. Tiroch KA, Arora N, Matheny ME, Liu C, Lee TC, Resnic FS. Risk
predictors of retroperitoneal hemorrhage following percutaneous coronary intervention. Am J Cardiol. 2008;102:1473–1476. doi: 10.1016/j.
amjcard.2008.07.039.
3. Farouque HM, Tremmel JA, Raissi Shabari F, Aggarwal M, Fearon WF,
Ng MK, Rezaee M, Yeung AC, Lee DP. Risk factors for the development
of retroperitoneal hematoma after percutaneous coronary intervention in
the era of glycoprotein IIb/IIIa inhibitors and vascular closure devices. J
Am Coll Cardiol. 2005;45:363–368. doi: 10.1016/j.jacc.2004.10.042.
4. Trimarchi S, Smith DE, Share D, Jani SM, O’Donnell M, McNamara
R, Riba A, Kline-Rogers E, Gurm HS, Moscucci M; BMC2 Registry.
Retroperitoneal hematoma after percutaneous coronary intervention: prevalence, risk factors, management, outcomes, and predictors of mortality: a report from the BMC2 (Blue Cross Blue Shield of
Michigan Cardiovascular Consortium) registry. JACC Cardiovasc Interv.
2010;3:845–850. doi: 10.1016/j.jcin.2010.05.013.
5. Tremmel JA, Tibayan YD, O’Loughlin AJ, Chan T, Fearon WF, Yeung AC,
Lee DP. Most accurate definition of a high femoral artery puncture: aiming to better predict retroperitoneal hematoma in percutaneous coronary
intervention. Catheter Cardiovasc Interv. 2012;80:37–42. doi: 10.1002/
ccd.23175.
6. Schnyder G, Sawhney N, Whisenant B, Tsimikas S, Turi ZG. Common
femoral artery anatomy is influenced by demographics and comorbidity: implications for cardiac and peripheral invasive studies. Catheter
Cardiovasc Interv. 2001;53:289–295. doi: 10.1002/ccd.1169.
7. Kwok CS, Kontopantelis E, Kinnaird T, Potts J, Rashid M, Shoaib A,
Nolan J, Bagur R, de Belder MA, Ludman P, Mamas MA, on behalf of the
British Cardiovascular Intervention Society (BCIS) and National Institute of
Cardiovascular Outcomes Research (NICOR). Retroperitoneal hemorrhage after percutaneous coronary intervention: incidence, determinants and outcomes
as recorded by the British Cardiovascular Intervention Society. Circ Cardiovasc
Interv. 2018;11:005866. doi: 10.1161/CIRCINTERVENTIONS.117.005866.
8. Jolly SS, Yusuf S, Cairns J, Niemelä K, Xavier D, Widimsky P, Budaj
A, Niemelä M, Valentin V, Lewis BS, Avezum A, Steg PG, Rao SV, Gao
P, Afzal R, Joyner CD, Chrolavicius S, Mehta SR; RIVAL Trial Group.
Radial versus femoral access for coronary angiography and intervention
in patients with acute coronary syndromes (RIVAL): a randomised, parallel group, multicentre trial. Lancet. 2011;377:1409–1420. doi: 10.1016/
S0140-6736(11)60404-2.
9. Valgimigli M, Gagnor A, Calabró P, Frigoli E, Leonardi S, Zaro T,
Rubartelli P, Briguori C, Andò G, Repetto A, Limbruno U, Cortese B,
Sganzerla P, Lupi A, Galli M, Colangelo S, Ierna S, Ausiello A, Presbitero
P, Sardella G, Varbella F, Esposito G, Santarelli A, Tresoldi S, Nazzaro M,
Zingarelli A, de Cesare N, Rigattieri S, Tosi P, Palmieri C, Brugaletta S, Rao
SV, Heg D, Rothenbühler M, Vranckx P, Jüni P; MATRIX Investigators.
Radial versus femoral access in patients with acute coronary syndromes
undergoing invasive management: a randomised multicentre trial. Lancet.
2015;385:2465–2476. doi: 10.1016/S0140-6736(15)60292-6.
10. Mamas MA, Nolan J, de Belder MA, Zaman A, Kinnaird T, Curzen
N, Kwok CS, Buchan I, Ludman P, Kontopantelis E; British
Cardiovascular Intervention Society (BCIS) and the National Institute
for Clinical Outcomes Research (NICOR). Changes in arterial access site and association with mortality in the United Kingdom:
observations from a National Percutaneous Coronary Intervention
Database. Circulation. 2016;133:1655–1667. doi: 10.1161/
CIRCULATIONAHA.115.018083.
11. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno
H, Caforio ALP, Crea F, Goudevenos JA, Halvorsen S, Hindricks G,
Kastrati A, Lenzen MJ, Prescott E, Roffi M, Valgimigli M, Varenhorst
C, Vranckx P, Widimský P; ESC Scientific Document Group. 2017 ESC
Guidelines for the management of acute myocardial infarction in patients
presenting with ST-segment elevation: the task force for the management
of acute myocardial infarction in patients presenting with ST-segment
elevation of the European Society of Cardiology (ESC). Eur Heart J.
2018;39:119–177. doi: 10.1093/eurheartj/ehx393.

3  Kleiman  Bleeding Edge Technology
12. Nathan S. Deconstructing Perceived Barriers to Transradial Adoption.
2017;2018:
http://citoday.com/2017/10/deconstructing-perceivedbarriers-to-transradial-adoption/.
13. Miyasaka Y, Barnes ME, Gersh BJ, Cha SS, Bailey KR, Abhayaratna
WP, Seward JB, Tsang TS. Secular trends in incidence of atrial fibrillation in Olmsted County, Minnesota, 1980 to 2000, and implications on
the projections for future prevalence. Circulation. 2006;114:119–125. doi:
10.1161/CIRCULATIONAHA.105.595140.
14. Jovin IS, Shah RM, Patel DB, Rao SV, Baklanov DV, Moussa I, Kennedy
KF, Secemsky EA, Yeh RW, Kontos MC, Vetrovec GW. Outcomes in

patients undergoing primary percutaneous coronary intervention for STsegment elevation myocardial infarction via radial access anticoagulated
with bivalirudin versus heparin. A report from the National Cardiovascular
Data Registry. 2017;10:1102–1111.
15. NCHS Data Brief. No.219. November 2015. Prevalence of Obesity
Among Adults and Youth: United States, 2011–2014. 2018. https://www.
cdc.gov/nchs/data/databriefs/db219.pdf. Accessed January 8, 2018.
KEY WORDS: Editorials ◼ back pain ◼ femoral artery ◼ groin ◼ heparin
◼ incidence

Downloaded from http://circinterventions.ahajournals.org/ by guest on July 15, 2018

Bleeding Edge Technology: Retroperitoneal Hemorrhage and Its Implications for
Transradial Access
Neal S. Kleiman
Downloaded from http://circinterventions.ahajournals.org/ by guest on July 15, 2018

Circ Cardiovasc Interv. 2018;11:
doi: 10.1161/CIRCINTERVENTIONS.118.006320
Circulation: Cardiovascular Interventions is published by the American Heart Association, 7272 Greenville
Avenue, Dallas, TX 75231
Copyright © 2018 American Heart Association, Inc. All rights reserved.
Print ISSN: 1941-7640. Online ISSN: 1941-7632

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://circinterventions.ahajournals.org/content/11/2/e006320

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation: Cardiovascular Interventions can be obtained via RightsLink, a service of the Copyright
Clearance Center, not the Editorial Office. Once the online version of the published article for which
permission is being requested is located, click Request Permissions in the middle column of the Web page
under Services. Further information about this process is available in the Permissions and Rights Question and
Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Circulation: Cardiovascular Interventions is online at:
http://circinterventions.ahajournals.org//subscriptions/

