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Abstract: Hypertrophic  cardiomyopathy  (HCM)  is  an  inherited  cardiomyopathy.  For  patients  with  obstructive  hypertrophic
cardiomyopathy (oHCM) who remain symptomatic despite medical therapy, septal reduction therapy can be performed. Surgical
septal  myectomy and alcohol  septal  ablation are  the  treatments  for  relieving left  ventricular  outflow tract  obstruction and can
effectively  improve  patients’  quality  of  life.  In  recent  years,  percutaneous  intramyocardial  septal  radiofrequency  ablation
(PIMSRA/Liwen  procedure)  has  emerged  as  a  novel  treatment  for  oHCM.  This  review  traces  its  ten-year  development  from
animal  experiments  to  clinical  application,  covering  technical  principles,  safety,  and  efficacy.  Additional  potentially  extended
applications  are  being  explored,  including  non-obstructive  HCM  and  other  coexisting  cardiac  conditions.  Future  directions
include  longer-term  follow-up,  and  multicenter  collaboration  to  validate  efficacy  and  safety  in  HCM  patients.  This  review
summarizes the current knowledge on PIMSRA/Liwen procedure and raises several issues that deserve further investigation.
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H ypertrophic  cardiomyopathy  (HCM)  is  an
inherited cardiac disease,  with prevalence gen-
erally  recognized  ranging  from 1:200  to  1:500

[1-3].  Obstructive  hypertrophic  cardiomyopathy
(oHCM)  accounts  for  approximately  two-thirds  of  all
HCM cases  [4],  and  is  characterized  by  left  ventricular
outflow tract  (LVOT)  obstruction  caused  by   asymmet-
ric  septal  hypertrophy.  LVOT  obstruction  constitutes  a
major risk factor for debilitating symptoms and adverse
prognosis  in  patients  with  oHCM [3,5,6].  Accordingly,
septal reduction therapy (SRT) aimed at decreasing sep-
tal  thickness  and  relieving  LVOT  obstruction  for

patients with drug-refractory symptoms. The two estab-
lished SRT modalities are surgical myectomy (SM) and
alcohol septal ablation (ASA) [3,7,8]. SM has long been
regarded as the traditional “gold standard” [9], however,
it requires median sternotomy, cardiopulmonary bypass,
and its success is highly dependent on surgical expertise
and institutional volume [10]. ASA, although less  inva-
sive, is contingent upon suitable septal perforator anato-
my and  carries  a  non-negligible risk  of  conduction  dis-
turbances  and  arrhythmias  [11,12].  Percutaneous
intramyocardial  septal  radiofrequency  ablation  (PIM-
SRA/Liwen procedure),  has  emerged  as  a  novel,  mini-
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mally invasive SRT that  delivers targeted radiofrequen-
cy energy  to  the  hypertrophied  septum  under   continu-
ous  real-time  echocardiographic  guidance,  offering  a
potential treatment for oHCM patients [13-16].

 Mechanism of PIMSRA/Liwen Procedure
Under  real-time  echocardiographic  guidance,  a

radiofrequency ablation needle is introduced via a percu-
taneous trans-apical  approach and positioned within the
hypertrophied  interventricular  septum  (Fig.  1A).
Radiofrequency energy is then applied, producing resis-
tive heating within the myocardium and raising local tis-
sue  temperature  to  above  80°C.  The  resulting  thermal
injury  causes  protein  denaturation,  tissue  desiccation,
and irreversible coagulative necrosis. Concomitant ther-
mal  occlusion of  regional  micro vessels  further  reduces
local  perfusion.  Subsequent  contraction  of  the  necrotic
myocardium  leads  to  thinning  of  the  interventricular
septum  and  widening  of  the  left  ventricular  outflow
tract,  thereby  alleviating  obstruction  and  improving
symptoms [14,17].

Echocardiography serves as the core imaging modali-
ty for  PIMSRA/Liwen  procedure:  preprocedural   plan-
ning,  intraprocedural  real-time navigation,  and  postpro-

cedural monitoring for both efficacy and safety. Pre-pro-
cedurally,  transthoracic  echocardiography  (TTE)  and
exercise stress echocardiography are used to define mor-
phologic  and  hemodynamic  subtypes  to  inform  precise
ablation  planning.  Intra-proceduraly,  real-time  TTE
guides needle  advancement  into  the  target   hypertro-
phied septal myocardium. During ablation, TTE demon-
strates hyperechoic  ablation  zones  and  confirms   ade-
quate  overlap  of  these  oval-shaped  lesions,  preventing
residual  untreated  areas.  Its  unique  strength  lies  in  the
ability  to  obtain  numerical  measurements  concurrently
during  ablation.  Post-procedurally,  standardized  TTE
follow-up is  performed  to  assess  improvement  in   inter-
ventricular  septal  thickness  and  left  ventricular  outflow
tract (LVOT) gradient [13].

 Feasibility Exploration of the PIMSRA/Liwen
Procedure

In healthy sheep and canine models, laser or radiofre-
quency ablation of  the interventricular  septum was per-
formed  via  a  percutaneous  trans-apical  approach.  No
major adverse events occurred, mild pericardial effusion
developed in a few animals and resolved spontaneously.
Septal  thickness  decreased  at  follow-up  in  animals  that

 

A. PIMSRA/Liwen procedure
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Figure 1    Multidimensional  favorable  outcomes  of  PIMSRA/Liwen  procedure.  (A)  Percutaneous  intramyocardial  septal  radiofrequency  ablation  (PIM-
SRA/Liwen procedure); (B) Reduction in interventricularseptum thickness. (the arrow indicates interventricular septum); (C) Decrease in left ventricular
outflow tractpeak gradient; (D) Improvement in heart function; (E) Left atrial remolding (the area enclosed by the blackcurve indicates the size of left atri-
al); (F) Alleviation in systolic anterior motion (the green straight linerepresents the distance between the anterior mitral leaflet and the interventricular sep-
tum); (G) Improvement of mitral regurgitation; (H) Improvement of left ventricular apical aneurysm (the area enclosedby the black curve indicates the size
of the ventricular  aneurysm);  (I)  Improvement in global  longitudinalstrain.  PIMSRA, Percutaneous intramyocardial  septal  radiofrequency ablation;  IVS,
interventricular  septum;  LVOTPG,  left  ventricular  outflow  tract  peak  gradient;  LA,  left  atrial;  SAM,  systolic  anterior  motion;  MR,  mitralregurgitation;
LVAA, left ventricular apical aneurysm; GLS, global longitudinal strain.
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underwent ablation [15,18-20]. The IVS thickness of the
ablated area significantly decreased (from 8.7 ± 0.6 mm
at baseline to 2.9 ± 1.0 mm at 12 months) was recorded
in the investigation [15]. A mean reduction of 5.2 mm in
ablated-segment IVS thickness was reported by Fu et al.
[18]. Collectively, these preclinical findings support the
efficacy and safety of this novel approach.

Comparative  studies  of  laser  and  radiofrequency
ablation have been performed [20,21]. At the same accu-
mulated  thermal  energy,  the  volume  of  the  coagulation
necrosis  zone  formed  by  laser  ablation  was  larger  than
that  formed  by  radiofrequency  ablation,  but  with  more
pronounced  central  carbonization,  which  may  reduce
laser  energy  transmission  and  potentially  limit  ablation
efficacy  [21].  However,  under  the  optimal  parameters,
radiofrequency ablation was associated with shorter total
ablation time, a larger ablation zone, and less carboniza-
tion [20]. Based on these findings, radiofrequency abla-
tion was ultimately selected for the clinical treatment.

 Safety, Efficacy  and  Multidimensional  Favor-
able Outcomes of PIMSRA/Liwen Procedure

After the feasibility of the approach was validated in
animal  experiments,  the  Hypertrophic  Cardiomyopathy
Center  at  Xijing  Hospital,  a  quaternary  referral  center,
obtained  approval  by  the  institutional  ethics  committee
in accordance with the ethical standards of the Declara-
tion  of  Helsinki.  After  a  multi-disciplinary  discussion
and  obtaining  the  patient’s informed  consent,  we   per-
formed  the  world's  first  PIMSRA/Liwen  procedure  for
the treatment of oHCM in 2016 [22], the study was reg-
istered at  clinicaltrials.gov  (NCT02888132),  and   subse-
quently  conducted  a  series  of  studies  on  its  safety  and
efficacy [13,14,16,23-29].

 Explore the safety of PIMSRA/Liwen procedure
The  retrospective  study  [25] enrolled  571   consecu-

tive adult  patients who underwent PIMSRA/Liwen pro-
cedure  between  October  2016  and  June  2024  at  Xijing
Hospital, and is the largest-sample investigations among
available  published  literature  on  this  procedure.  During
the  30-day  follow-up,  61  (10.7%)  patients  experienced
major  adverse  cardiovascular  event  (MACE),  including
4  all-cause deaths  (0.7%),  24  cases  of  cardiac   tampon-
ade requiring pericardiocentesis (4.2%), 11 cases of car-
diac tamponade  requiring  mini  thoracotomy  in  the   set-
ting of tamponade physiology (1.9%), 5 cases of cardiac
arrest (0.9%), 1 case of ventricular tachycardia (0.2%), 4
cases of ventricular fibrillation (0.7%), 0 case of appro-
priate  implantable  cardioverter-defibrillator  discharge
(0.0%), 9 cases of cardiogenic shock (1.6%), and 2 cas-
es of stroke (0.4%), 1 case of new third-degree atrioven-

tricular  block  (0.2%)  with  spontaneous  recivery.  No
patients  required  permanent  pacemaker  implantation
after the procedure [25]. This finding may be explained
by the percutaneous intramyocardial  approach and real-
time  monitoring  of  12-lead  electrocardiogram  in  the
PIMSRA/Liwen procedure.  We  recommend   maintain-
ing  a  safe  margin  of  3  mm  between  the  border  of  the
ablated  region  and  the  endocardium of  the  left  or  right
ventricle,  with  the  needle  tip  kept  strictly  8  to  10  mm
away  from  the  distal  end  of  the  membranous  septum.
Apart from these constraints, ablation energy was deliv-
ered with gradual increment and strict control,and it was
confined within  the  interventricular  septum and did  not
directly  involve  the  conduction  system  beneath  the
endocardium. Continuous  ECG  monitoring  was   per-
formed  throughout  the  procedure,  allowing  prompt
adjustment  of  the  ablation  strategy  if  rhythm  changes
occurred. Collectively, these measures reduce the risk of
conduction system injury [13].

A  meta-analysis  by  Liebregts  et  al.  [30]  (4804
patients) reported periprocedural mortality rates of 1.3%
for ASA and 2.5% for SM. In light of the potentially less-
developed periprocedural care in the early days and lim-
ited  operator  experience,  after  excluding  these  earlier
studies,  the  periprocedural  mortality  rates  of  the  two
procedures were comparable (ASA: 1.3% vs SM: 1.1%).
Another  meta-analysis  by  Osman  et  al.  [31]  (8453
patients)  reported  lower  periprocedural  mortality  with
ASA than with SM (1.2% vs 2.0%), but the study noted
that  most  SM studies  were  conducted earlier  than ASA
studies, which may account for the observed difference.
When early reports are not considered, the periprocedu-
ral mortality rates of both procedures are approximately
1%.  Regarding  pacemaker  implantation,  the  two  meta-
analyses  yielded  similar  results,  both  demonstrating  a
higher pacemaker implantation rate after  ASA than SM
(approximately  10%  vs  4%-5%).  Table  1  summarizes
the key characteristics of the three septal reduction ther-
apies.  Although  no  rigorous  propensity  score-matched
study  has  yet  directly  compared  PIMSRA/Liwen  with
SM  or  ASA,  based  on  existing  research,  PIMSRA/
Liwen procedure periprocedural mortality was 0.7% and
permanent  pacemaker  implantation  rates  was  0%  [25].
However, its safety outcomes warrant further validation
through larger, multicenter, and prospective studies.

Systolic anterior motion (SAM) is a well-recognized
cause for unexplained or sudden hypotension in the car-
diac perioperative setting [32-34]. Meanwhile, hypoten-
sion may  further  exacerbate  SAM  and  LVOT   obstruc-
tion, creating a vicious cycle that renders patients poor-
ly responsive to vasoactive agents [35-38].  In the study
by Zhou et al. [14], one patient who died within 30 days
after the PIMSRA/Liwen procedure had significant per-
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sistent  SAM,  despite  the  initiation  of  fluid  therapy  and
vasoconstrictors.  Therefore,  optimizing  preload  and
afterload condition  should  be  emphasized  to  avoid  pro-
voking or  aggravating  SAM and  outflow  tract   obstruc-
tion [9].

The probability of cardiac tamponade requiring mini
thoracotomy  is  1.9%  [25].  Pre-procedural  compute
tomography  angiography  planning  and  intra-procedural
color Doppler guidance for evaluating the puncture route
and  reducing  the  risk  of  puncture-related  pericardial
effusion  [13].  Injury  to  septal  branches  caused  by
radiofrequency needles may result in a variety of vascu-
lar-related  complications,  including  ventricular  septal
hematoma,  and  aneurysm.  Such  vascular  complications
are uncommon. Some required no intervention, whereas
others  achieved  full  recovery  after  coil  embolization
[14,27,39].

 Verify the efficacy of PIMSRA/Liwen procedure
PIMSRA/Liwen procedure was first performed clini-

cally  in  2016  in  a  70-year-old  female  patient  with
oHCM  (KY20162042-1).  At  six-month  follow  up,  the
septal  thickness  was reduced to  from 28 to  18 mm. the
peak LVOT PG reduced from 153 to 44 mmHg and the
symptoms  were  significantly  relieved.  No  left  bundle
branch  block  (LBBB)  or  right  bundle  branch  block
(RBBB)  was  observed.  This  case  provided  preliminary
evidence for  the efficacy and safety of  PIMSRA/Liwen
procedure in human subjects [22].

On the basis of the initial results from the first human
case, two subsequent studies involving 9 and 15 patients
further  evaluated  the  short-term  efficacy  of  PIMSRA/
Liwen procedure. In both studies, at 6-month follow-up,
IVS  thickness  decreased  [9-patient  study:  from  21.5  ±
2.6 to 12.9 ± 1.9 mm, 15-patient study: from 25.0 (21.0)
to  14.0  (12.0)  mm],  resting  and  provoked  LVOT  peak
gradient also declined [resting: from 83.3 ± 32.4 to 11.8
± 5.7 mmHg and 88.0 (66.0) to 11.0 (6.0) respectively;
provoked: from 147.8 ± 58.0 to 25.5 ± 11.4 mmHg and

117.0 (81.0)  to  25.0  (20.0)  mmHg,  respectively],   lend-
ing support to the short-term efficacy of PIMSRA/Liwen
procedure [13,24]. These observations were further con-
firmed in  a  larger  cohort  with  extended follow-up.  In  a
study  of  200  patients  with  a  median  follow-up  of  19
months, reductions in septal thickness and LVOT gradi-
ents  were  consistently  observed,  accompanied  by
improvement in NYHA functional class and a reduction
in  SAM  severity,  suggesting  that  the  treatment  effect
was maintained despite the larger sample size and longer
follow-up  [14].  Longer-term  follow-up  accessed  the
durability  of  the  response.  In  a  study  [16]  with  5-year
follow-up,  septal  thickness  was  reduced compared with
baseline  (from 22.0  ±  5.0  to  11.5  ±  3.0  mm),  and  both
resting and  provoked  gradients  were  lower  than   base-
line values [resting: from 95.0 (48.2) to 9.0 (7.5) mmHg;
provoked:  from  130.5  (89.0)  to  21.0  (19.1)  mmHg],
indicating  favorable  long-term  efficacy  of  PIMSRA/
Liwen procedure.

Beyond  the  experience  at  Xijing  Hospital,  studies
from multiple centers [27-29] have also reported consis-
tent  reductions  in  LVOT  gradient  and  septal  thickness
after  PIMSRA/Liwen  procedure,  as  shown  in  table  2,
supporting the reproducibility of the procedure.

Along with the improvements in septal thickness and
LVOT  obstruction,  a  series  of  favorable  changes  were
observed  (Fig.  1)  [40]:  (1)  Symptomatic  improvement,
including NYHA functional class [13,14,16,24,26-28], 6-
minute  walk  distance  [14,26,28],  total  exercise  time
[13,14,24], and Kansas City Cardiomyopathy Question-
naire  (KCCQ)  score  [28];  (2)  Multiple  studies  [13,16,
22,24,28]  have  demonstrated  that  the  PIMSRA/Liwen
procedure, without any intervention on the mitral valve,
significantly reduces mitral regurgitation due to the alle-
viation of the SAM phenomenon [e.g., regurgitation vol-
ume from 4.3  (1.4)  mL  to  0.5  (0.0)  mL];  (3)   Improve-
ment  in  myocardial  ischemia.  Myocardial  contrast
echocardiography demonstrated  significant   improve-
ment in global and regional left ventricular microcircula-

 

Table 1    Comparison of three septal reduction therapies

Items PIMSRA/Liwen procedure SM ASA

Approach Percutaneous intramyocardial Open-chest approach via median
sternotomy

Percutaneous catheter‑based

Mechanism Radiofrequency ablation Resection Chemical ablation

Scarring YES,
homogeneous

NO YES,
heterogeneous

Intraoperative imaging TTE TEE Fluoroscopy+MCE

Fluoroscopy None, Echo-only Not typically required Required (fluoroscopy for coronary
angiography)

Cardiopulmonary bypass NO YES NO

Constrained by coronary anatomy NO NO YES

PIMSRA, percutaneous intramyocardial septal radiofrequency ablation; SM. surgical myectomy; ASA, alcohol septal ablation; TTE, transthoracic
echocardiography; TEE, transesophageal echocardiography; MCE, myocardial contrast echocardiography.
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tory  perfusion  after  PIMSRA/Liwen  procedure,  with
improvement persisting at 12 months [41]; (4) Improve-
ment  in  electrocardiographic  indices:  the  QRS  wave
amplitude  reductions  in  lead  V1  and  Sokolow–Lyon
index may be good indicators for evaluating the postpro-
cedure  interventricular  septal  remodeling  [42];  (5)
Myocardial strain is a sensitive parameter of left ventric-
ular  systolic  performance  [43,44].  In  a  study  of  70
patients  with  oHCM,  three-dimensional  speckle-track-
ing  echocardiography  was  used  to  evaluate  changes  in
myocardial  mechanics  after  PIMSRA/Liwen  procedure.
Left ventricular global longitudinal strain (GLS) magni-
tude showed no significant change immediately after the
procedure but  improved  significantly  at  1  year   com-
pared  with  baseline  (baseline:  14.7  ±  0.5,  immediately:
14.1 ± 0.5, 1-year: 16.4 ± 0.5, P < 0.05), suggesting pro-
gressive recovery  of  left  ventricular  systolic   perfor-
mance  [45];  (6)  We  also  observed  improvement  in  left
ventricular  diastolic  function:  left  atrial  conduit  strain,
E/e’  [28],  and  left  atrial  volume index  [13,14,16,22,26-
28]. Left atrial  conduit strain could be considered as an
indicator of left ventricular diastolic dysfunction and left
ventricular remodeling after PIMSRA/Liwen procedure.
In a study by Dai et al. [46], conduit strain improved sig-
nificantly (from 10.7% to 16.6% at 6 months, P < 0.05).

 Other  Potentially  Extended  Applications  of
the PIMSRA/Liwen Procedure

PIMSRA/Liwen  procedure  has  been  validated  by
multiple  clinical  studies  for  its  safety  and  efficacy  in
adult  patients  with  oHCM,  and  is  recommended  by
guidelines  in  China  as  a  therapeutic  option  for  drug-
refractory  oHCM  [47-49].  This  technique  is  being
explored  in  a  variety  of  special  clinical  scenarios:  (1)
Adult non-obstructive HCM (NoHCM); (2) oHCM with
comorbidities:  residual  obstruction  after  ASA,  high
LVOT  gradient  after  surgical-aortic-valve-replacement,
concomitant coronary artery disease and apical ventricu-
lar aneurysm; (3) Fabry disease (FD); (4) Intraoperative
myocardial biopsy; (5) Cardiac tumors. Given that most
of  these  potentially  extended  applications  remain
exploratory  with  limited  evidence,  strict  assessment  by
an experienced multidisciplinary team is required before
clinical implementation.

Among  these  extended  applications,  adult  patients
with  nonobstructive  hypertrophic  cardiomyopathy
(NoHCM) are of particular interest. Approximately 15%
of  patients  with  NoHCM  have  drug-refractory  symp-
toms  without  effective  invasive  therapies  and  may  be
listed  for  heart  transplantation  [50].  The  time  window
for  transplantation  is  narrow,  with  a  10-23% chance  of
death  while  on  the  waiting  list  [51].  In  response  to  the

clinical treatment needs of patients with NoHCM, Wang
et al.  [52] performed PIMSRA/Liwen procedure for the
first  time  to  treat  20  drug-refractory  NoHCM  patients
with  severe  septal  hypertrophy  (≥  28  mm).  Improved
clinical symptoms and myocardial function, thinned IVS
and  no  serious  complications  were  observed  at  the  last
available  follow-up  (median  period:  15  months).
Although  the  feasibility  of  PIMSRA/Liwen  procedure
for NoHCM  has  been  demonstrated  in  this  study,   fur-
ther  clinical  investigation  is  still  needed  to  guide  the
selection of septal reduction therapy.

Preoperative multimodality  imaging  can  be   integrat-
ed to delineate the residual obstructive region and guide
ablation of the culprit segment. In a study of 12 patients
with  residual  obstruction  after  ASA,  PIMSRA/Liwen
procedure was successfully performed, with no mortali-
ty or permanent pacemaker implantation within 30 days.
Improvements  were  observed  in  IVS  thickness,  LVOT
gradient,  and NYHA functional  class [26].  Moreover,  a
case  report  have  shown  that  in  patients  with  severe
residual  LVOT  obstruction  after  ASA,  the  procedure
resulted in a significant reduction in LVOT gradient and
improvement  in  cardiac  function  at  1-month  follow-up,
without  procedure-related  complications  [53].  These
preliminary  observations  suggest  that  PIMSRA/Liwen
procedure  may  be  a  potential  therapeutic  option  for
patients  with  failed  ASA,  although  further  evidence  is
needed.

The concomitant PIMSRA/Liwen procedure and off-
pump minimally  invasive  direct  coronary  artery  bypass
(MIDCAB)  through  a  single  minimally  invasive  access
is  a  feasible  and  promising  strategy  for  patients  with
coexisting  oHCM  and  coronary  artery  disease  (CAD).
This  approach  effectively  relieved  LVOT  obstruction
and  ameliorated  myocardial  ischemia,  with  significant
improvement  in  postoperative  cardiac  function.  At  1-
month  follow-up,  the  LVOT  gradient  decreased  (from
66 to  9  mmHg).  Compared to  traditional  approaches,  it
offering reduced trauma and faster recovery [54].

For apical aneurysm, the puncture route can be modi-
fied  by  adjusting  needle  insertion  direction  and  echo
probe orientation to ablate the basal septum while avoid-
ing  cardiac  chamber  entry  and  pericardial  tamponade
[55].

PIMSRA/Liwen  procedure  had  been  used  to  treat
both  Fabry  disease  patients  with  LVOT  obstruction
[56,57] and cardiac tumors who are poor candidates for
conventional  surgery  or  systemic  therapy  [58].  In  the
diagnostic  evaluation  of  cardiomyopathy  and  cardiac
tumor, myocardial/tumors biopsy of the PIMSRA/Liwen
procedure can also be performed, providing tissue speci-
mens for pathological diagnosis [56,58].
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 Conclusion and Future Perspectives
The safety  and  efficacy  of  PIMSRA/Liwen   proce-

dure in adult patients with oHCM have been validated in
multiple centers [13,14,16,22-24,27-29],  with follow-up
ranging from short- to long-term and including relative-
ly  large  cohorts.  Although  findings  have  been  reported
by other  centers,  a  substantial  proportion  of  the   avail-
able evidence originates from Xijing Hospital. Indepen-
dent multicenter validation remains relatively limited, it
is hoped that this technique will be extended internation-
ally  and  further  validated  through  multicenter  studies
with  larger  sample  sizes  and longer  follow-up. In  addi-
tion, the PIMSRA/Liwen procedure is being explored in
several  clinical  scenarios beyond its  original  indication,
but  current  evidence  in  these  areas  remains  limited  to
small  case  series  or  case  reports.  Further  studies  are
needed  to  validate  the  role  of  this  technique  in  these
emerging indications. Meanwhile, using artificial intelli-
gence-assisted and  multimodal  imaging  fusion  to   opti-
mize  LV apical  the  puncture  trajectory,  ablation  target,
energy parameters, and ablation extent, thereby improv-
ing procedural precision and safety.
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