
T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 384;7 nejm.org February 18, 2021676

warranted to understand the role of chemo-
therapy for patients with EGFR mutation–posi-
tive NSCLC.
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Subcutaneous or Transvenous Defibrillator Therapy

To the Editor: We inquire about the adjudica-
tion of shocks in the Prospective Randomized 
Comparison of Subcutaneous and Transvenous 
Implantable Cardioverter Defibrillator Therapy 
(PRAETORIAN) trial conducted by Knops and 
colleagues (Aug. 6 issue).1 Of the 83 patients in 
the subcutaneous implantable cardioverter–defi-
brillator (ICD) group who had shocks labeled as 
“appropriate,” 11 had shocks for ventricular 
tachycardia below the cutoff of 180 beats per 
minute solely because of oversensing of cardiac 
signals. For example, ventricular tachycardia at a 
rate of 150 beats per minute could be sensed as 
300 beats per minute. Although the device ulti-
mately terminated an arrhythmia in these 11 pa-
tients, oversensing can lead to the highly unde-
sirable outcome of shocks while the patient is 
awake.

The authors acknowledge that these shocks 
may have been occasionally clinically desirable 
but they also could be considered to be unneces-
sary. They cite a post hoc analysis of the Sudden 
Cardiac Death in Heart Failure Trial (SCD-HeFT)2 
that showed a strong association between any 
shocks and higher mortality, and the Multi-
center Automatic Defibrillator Implantation Trial 
(MADIT)–Reduce Inappropriate Therapy (MADIT-
RIT),3 which showed that permissive high-rate 
programming markedly reduced shocks and de-
creased mortality. These analyses cited by Knops 

et al. indicate that shocks for slower ventricular 
tachycardias are inappropriate because they are 
both painful and associated with increased mor-
tality.

In the original trial protocol (available with 
the full text of the article at NEJM.org), Knops 
et al. defined appropriate shocks as those for 
ventricular tachycardia at a rate of more than 
180 beats per minute. We estimate that if ap-
proximately half of these oversensed ventricular 
tachycardias had been labeled as inappropriate, 
noninferiority would not have been met.
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To the Editor: The PRAETORIAN trial involved 
a smaller cohort of patients with better-preserved 
ventricular function and intraventricular conduc-
tion than those in previous trials of implantable 
defibrillators.1-3 In this trial, the subcutaneous 
ICD was not significantly inferior to a standard 
transvenous ICD.

Sudden death can result from ventricular 
tachycardia or ventricular fibrillation or from 
asystole; the transvenous ICD can address any of 
these by cardioversion, defibrillation, antitachy-
cardia pacing, or standard pacing. The subcuta-
neous ICD has only two of these four capabili-
ties and addresses only ventricular tachycardia 
or ventricular fibrillation, not asystole. Cardiac 
arrest is often asystolic,4 particularly when ven-
tricular function is severely impaired or if con-
duction is disturbed.

The implantation of a device is not a cure but 
rather the start of a course of therapy. The cost 
should be calculated from the time of implanta-
tion to death. Our local best price for a transve-
nous ICD equates to approximately $8,600 in 
U.S. dollars; the subcutaneous ICD costs ap-
proximately $15,000. These devices have a pro-
jected battery longevity of 15.4 and 7.3 years, 
respectively, for a corresponding yearly cost of 
approximately $560 and $2,050. A higher price 
demands demonstration of clinical superiority; 
the current subcutaneous ICD offers half the 
work for thrice the wage.
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To the Editor: Knops and colleagues report 
that subcutaneous ICDs were noninferior to 
transvenous ICDs with respect to device-related 
complications and inappropriate shocks. We have 
concerns about their trial design.

First, noninferiority testing should assess ef-
ficacy for interventions with superior safety or 
interventions that offer an obvious benefit, such 
as convenience.1 With regard to subcutaneous 
ICDs, the evaluation of superiority for safety 
outcomes (e.g., inappropriate shocks and com-
plications) or noninferiority for efficacy (e.g., 
shock efficacy and mortality) would have been 
more informative. The testing of noninferiority 
for safety outcomes risks acceptance of a therapy 
of uncertain and potentially inferior efficacy.

Second, the choice of composite for the pri-
mary outcome is debatable. Subcutaneous ICDs 
led to fewer complications and more inappropri-
ate shocks than transvenous ICDs, as expected.2 
The combination of these two outcomes trend-
ing in opposite directions for subcutaneous ICDs 
and transvenous ICDs decreased the between-
group difference and increased the likelihood of 
a finding of noninferiority.1,3 Thus, we recom-
mend interpreting the two components of the 
primary composite outcome of this trial sepa-
rately when assessing the risks and benefits of 
choosing a subcutaneous ICD instead of a trans-
venous ICD.
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To the Editor: The PRAETORIAN trial conduct-
ed by Knops et al. showed noninferiority of the 
subcutaneous ICD to the transvenous ICD with 
respect to device-related complications or inap-
propriate shocks in patients who had a class I or 
IIa indication for an ICD but no requirement for 
pacing. In this trial, 43% of the patients had a 
first-generation device and 57% had a second-
generation device (Table S3 in the Supplementary 
Appendix, available with the full text of the arti-
cle at NEJM.org). Since there is a lower incidence 
of inappropriate shocks with the second-genera-
tion subcutaneous ICD than with the first-gener-
ation subcutaneous ICD,1 it would be informative 
to provide a comparative analysis of the cumula-
tive incidence of inappropriate shocks with the 
two devices.

In addition, considering the greater battery 
longevity of second-generation subcutaneous 
ICDs,2 longer-term follow-up in this trial might 
show superiority of second-generation subcuta-
neous ICDs with respect to device-related com-
plications. Finally, several patients in the subcu-
taneous ICD group underwent an upgrade to a 
cardiac resynchronization therapy defibrillator 
(CRT-D) during the median 4-year follow-up 
(Table S4 of the article). Accordingly, it appears 
likely that a device upgrade to a CRT-D within 
several years may have been warranted in some 
patients in the subgroup of patients with a low 
left ventricular ejection fraction (<35%), high 
New York Heart Association class (III or IV), and 
wide QRS duration (≥120 msec). This finding 
may suggest that the exclusion criteria of this 
trial were incomplete.
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The authors reply: As noted by Mandrola et al., 
the definitions of appropriate and inappropriate 
shocks in the PRAETORIAN trial were changed 
early in the course of the trial. This change took 
place in July 2011 (4 months after enrollment be-
gan), when our trial transitioned from its initial 
single-center pilot phase to become a multicenter 
trial. The original definition of an “appropriate” 
shock included shock therapy for ventricular tachy-
cardia of more than 180 beats per minute; the 
revised definition included “shock therapy for ven-
tricular tachycardia.” The rate cutoff of 180 beats 
per minute was removed from the definition to 
allow for variations in programming zones and 
to be consistent with definitions in other large 
ICD trials. Since any ventricular tachycardia could 
be clinically relevant, the definition of shocks 
used in the SCD-HeFT and the MADIT trials was 
also used in the PRAETORIAN trial. In the SCD-
HeFT, “ICD shocks that followed the onset of 
ventricular tachycardia or ventricular fibrillation 
were considered to be appropriate.”1 In the MADIT 
trials, inappropriate therapy was defined as “ther-
apy delivered for nonventricular tachyarrhyth-
mias.”2 Since the causal association between ICD 
therapy, including antitachycardia pacing, and 
death in these trials is uncertain and complex, 
these citations do not suggest that shock therapy 
for slower ventricular tachycardia is inappropriate.

With regard to the comments of Gallagh-
er et al.: more ICDs were implanted in the 
 PRAETORIAN trial than in the Antiarrhythmics 
Versus Implantable Defibrillators (AVID) trial, 
the MADIT-II trial, and the SCD-HeFT. Also, a 
median ejection fraction of 30% overall is not a 
well-preserved ejection fraction, and the 81% of 
patients with a primary prevention indication in 
our trial had a mean ejection fraction of 28% 
— well below the mean ejection fraction of 32% 
in the AVID trial. Our trial showed no between-
group difference in the numbers of patients with 
sudden cardiac death; this finding suggests that 
asystolic cardiac arrest was not frequent. More-
over, the subcutaneous ICD supplies post-shock 
pacing for up to 30 seconds. Finally, Gallagher 
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et al. refer to costs associated with the subcuta-
neous ICD. However, a thorough cost-efficacy 
analysis should compare both the costs of the 
implant itself and implantation of the device and 
the costs of device-related complications and hos-
pitalizations. For example, our trial showed 50% 
fewer device infections in the subcutaneous ICD 
group than in the transvenous ICD group. Treat-
ment for a patient with an infected ICD costs 
more than £20,000 (approximately $27,500 in 
U.S. dollars) in the United Kingdom and more 
than $40,000 in the United States.3

The PRAETORIAN trial investigated the differ-
ence in safety outcomes between the transvenous 
ICD and the subcutaneous ICD, since efficacy 
was established in previous trials.4 Noninferior-
ity and superiority analyses for the primary end 
point were scheduled and performed. Kim et al. 
correctly point out that inappropriate shocks and 
complications have diverging trends. However, we 
did not anticipate this divergence in our design.5 
The PRAETORIAN-XL trial, a substudy of the 
PRAETORIAN trial, is under way to assess these 
outcomes separately in the prolonged follow-up 
period (an additional 4 years).

We agree with Sato and Nojiri that a large 
percentage of the subcutaneous ICDs in the 

PRAETORIAN trial were first-generation devices, 
which have a higher incidence of inappropriate 
shocks than later-generation devices. Follow-up 
is under way to investigate end points with newer 
algorithms and later-generation devices.
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Women Physicians and Promotion in Academic Medicine

To the Editor: The article by Richter et al. (Nov. 
26 issue)1 highlights the persistence of gender 
inequity and confirms the lack of advancement 
of women in academic medical leadership.2,3 
Equity in health leadership is both a fundamen-
tal social justice issue and a population health 
issue.4,5 We propose that the time has come to 
move beyond describing the problems. It is time 
for effective large-scale change to move the dial 
on this issue. Building the evidence base on best 
practices to support gender equity is vital in 
order to achieve effective, long-term, sustainable 
career advancement for women in health, includ-
ing those in academic medicine.4,5 Women can-
not simply be expected to be more like their male 
colleagues to succeed. There is also a recognized 
need to move away from individual women hav-
ing to battle entrenched barriers to career ad-
vancement, toward policy-, systems-, and organi-
zation-level approaches; this shift would enhance 

the ability and motivation of women to advance 
in their careers and provide opportunities for 
them to do so.2,3

We are currently leading a competitive Aus-
tralian initiative funded by the National Health 
and Medical Research Council for the advance-
ment of women in health leadership. This initia-
tive engages health services, professional col-
leges, and government. Through collaborative 
implementation research, we aim to strengthen 
evidence on effective organizational change and 
to translate this new knowledge into strategies, 
policies, and practice in order to address gender 
inequity in health care leadership.
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