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Abstract
Hospital volume is regarded amongst many in the 
medical community as an important quality metric. This 
is especially true in more complicated and less com-
monly performed procedures such as structural heart 
disease interventions. Seminal work on hospital volume 
relationships was done by Luft et al  more than 4 decades 
ago, when they demonstrated that hospitals performing 
> 200 surgical procedures a year had 25%-41% lower 
mortality than those performing fewer procedures. 
Numerous volume-outcome studies have since been done 
for varied surgical procedures. An old adage “practice 
makes perfect” indicating superior operator and in-
stitutional experience at higher volume hospitals is 
believed to primarily contribute to the volume outcome 
relationship. Compelling evidence from a slew of recent 
publications has also highlighted the role of hospital 
volume in predicting superior post-procedural outcomes 
following structural heart disease interventions. These 
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included transcatheter aortic valve repair, transcatheter 
mitral valve repair, septal ablation and septal myectomy 
for hypertrophic obstructive cardiomyopathy, left atrial 
appendage closure and atrial septal defect/patent fora-
men ovale closure. This is especially important since 
these structural heart interventions are relatively complex 
with evolving technology and a steep learning curve. The 
benefit was demonstrated both in lower mortality and 
complications as well as better economics in terms of 
lower length of stay and hospitalization costs seen at high 
volume centers. We present an overview of the available 
literature that underscores the importance of hospital 
volume in complex structural heart disease interventions.
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Core tip: Hospital volume is regarded amongst many in 
the medical community as an important quality metric. 
This is especially true in more complicated and less com-
monly performed procedures such as structural heart 
disease interventions. We present an overview of the 
available literature that underscores the importance 
of hospital volume in complex structural heart disease 
interventions including transcatheter aortic valve repair, 
transcatheter mitral valve repair, septal ablation and 
septal myectomy for hypertrophic obstructive cardio-
myopathy, left atrial appendage closure and atrial septal 
defect/patent foramen ovale closure.
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INTRODUCTION
Hospital volume is regarded amongst many in the 
medical community as an important quality metric. The 
patients are unlikely to be in a position to choose between 
hospitals when it comes to emergent procedures. 
However, in case of non-emergent procedures, volume 
might be an important quality measure that could guide 
hospital selection by patients or referring physicians. 
This is especially true in more complicated and less 
commonly performed procedures such as structural heart 
disease interventions. Compelling evidence from a slew 
of recent publications has highlighted the role of hospital 
volume in predicting superior post-procedural outcomes 
following structural heart disease interventions[1,2]. This 
benefit was demonstrated both in lower mortality and 
complications as well as better economics in terms of 
lower length of stay (LOS) and hospitalization costs 

seen at high volume centers. To address this possible 
relationship of hospital volume and outcomes of structural 
heart disease procedures, we performed the search on 
PubMed and Medline with the following key words: Hos-
pital volume, transcatheter aortic valve repair (TAVR), 
transcatheter mitral valve repair (TMVR), septal ablation 
(SA) and septal myectomy for hypertrophic obstructive 
cardiomyopathy (HOCM), left atrial appendage closure 
and atrial septal defect (ASD)/patent foramen ovale (PFO) 
closure and included all the studies with the above key 
words. We present an overview of the available literature 
that underscores the importance of hospital volume in 
complex structural heart disease interventions. 

VOLUME-OUTCOME RELATIONSHIP
Seminal work on hospital volume relationships was done 
by Luft et al[3] more than 4 decades ago, when they 
demonstrated that hospitals performing > 200 surgical 
procedures a year 25%-41% lower mortality than 
those performing fewer procedures. Numerous volume-
outcome studies have since been done for varied surgical 
procedures[4-7]. Certain agencies such as the Leapfrog 
group based in Washington DC have also made attempts 
to lay down minimal hospital volume requirements for 
various surgical procedures as a part of quality control[8]. 
The participating employers can use incentives to moti-
vate their employees to get healthcare in institutions 
meeting these volume requirements[8]. Such standards 
for structural heart disease interventions are however 
not well defined partly because of the novelty of these 
procedures with lack of substantial evidence regarding 
volume-outcome relationship. 

An old adage “practice makes perfect” indicating 
superior operator and institutional experience at higher 
volume hospitals is believed to primarily contribute to 
the volume outcome relationship[9]. This is further asso-
ciated with evolution in the process of healthcare, with 
higher volume hospitals more likely to have better 
finances to develop more robust standards of care and 
infrastructure[8]. Hospital volume is thus believed by 
some to be a surrogate for possibly superior operator 
experience and availability of better ancillary support[9]. 
Selective referral with migration of lower risk patients to 
higher volume hospitals could also provide a healthier 
patient bias for such institutions[8]. Indeed, physicians 
might be inclined to refer their patients for elective 
procedures to larger hospitals with higher procedural 
volume leaving low volume institutions with more emer-
gent procedures. 

TAVR
Following its approval, TAVR has rapidly evolved into a 
sought-after service with an increasing number of centers 
offering this structural intervention. However, TAVR pro-
gram entails extensive resource utilization in terms of 
physician and ancillary manpower and other operational 
needs that newer lower volume centers might struggle 
with. A complex procedure such as TAVR should be per-
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formed in specialty valvular heart disease centers lead by 
multidisciplinary heart valve teams. As of today, there is 
paucity of any evidence-based data to formulate clinical 
competency guidelines for TAVR. As per a sole consensus 
document[10], TAVR procedures can be introduced in 
centers that perform > 1000 catheterizations/400 
percutaneous coronary interventions (PCIs) annually 
with TAVR interventionalists who have performed 100 
structural procedures over their lifetime or at least 30 
left-sided structural procedures per year. Likewise for 
surgical support, a minimum institutional annual volume 
of 50 aortic-valve replacements is recommended with 
surgeons who have completed 100 valve replacements 
over their career, with at least 10 considered high risk[10]. 

Previous literature on surgical valve replacement 
has highlighted the importance of institutional volume in 
predicting post-procedural outcomes[11]. Intuitively, one 
can reason that a similarly complex, percutaneous valve 
replacement procedure would also have superior results 
in higher volume institutions. In a recent analysis from 
Nationwide Inpatient Sample (NIS), we found hospital 
volume to be significantly predictive of lower in-hospital 
mortality following TAVR[12] (Table 1 and Figure 1). When 
compared to patients treated in lowest quartile of hospital 
volume, adjusted OR of in-hospital mortality in the highest 
quartile of hospital volume was 0.38 (0.27-0.54, P ≤ 
0.001). Increasing hospital volume was also independently 
predictive of shorter LOS and lower hospitalization 
costs (Table 1 and Figure 2). A separate spline analysis 
confirmed the significant hospital volume and outcome 
relationship with the predicted probability of in-hospital 
mortality dropping with increasing hospital volume.

TMVR/MITRACLIP
The Centers for Medicare and Medicaid (CMS) in their 
proposal to cover reimbursement for TMVR/Mitra-clip 
have laid down some operator and institutional require-
ments. The institution must have had ≥ 25 total mitral 
valve procedures in the previous year of which at least 
10 must be mitral valve repairs. In addition, there 
should have been ≥ 1000 catheterizations per year 

performed in that institution, including ≥ 400 PCIs per 
year. The individual operator should have had ≥ 50 
structural procedures per year including ASD and PFO 
and trans-septal punctures. Besides, it also mandates a 
comprehensive multi-disciplinary heart team comprised 
of various cardiologists, surgeons and strong ancillary 
support along with device-specific training as required by 
the manufacturer.

The National Institutes of Health in United Kingdom 
have minimal volume requirements for surgical mitral 
valve repair[13]. This is considered especially vital due 
to low volume of this procedure and many low volume 
centers perform mitral valve replacement more fre-
quently in degenerative MR where mitral valve repair is 
strongly recommended[13]. Again, TMVR is a relatively 
new procedure with a steep learning curve and will need 
further studies to appraise specific volume requirements 
for involved operators and institutions. A more detailed 
competency guideline is expected in the forthcoming 
SCAI/AATS/ACC/STS Multisocietal Consensus Statement: 
Operator and Institutional Requirements for Transcatheter 
Valve Repair and Replacement: Part 3: Mitral Valve[13]. In 
another analysis from NIS (Abstract presented as poster 
presentation at American Heart Association Scientific 
Sessions 2014, Chicago, IL), we noted the highest 
hospital volume tertile to be significantly predictive of 
lower in-hospital mortality and post-procedural com-
plications following TMVR compared to the lowest volume 
tertile (OR = 0.12, 95%CI: 0.06-0.23, P < 0.001) (Table 
2 and Figure 3A). The predicted probability of mortality 
and complications was noted to decrease with increasing 
hospital volume on an additional spline analysis.

HOCM: SA, SEPTAL MYECTOMY
ACCF/AHA HOCM guideline recommends that an operator 
be labeled experienced in SA only after he/she has 
performed > 20 procedures in a facility with a cumula-
tive volume of > 50 procedures[14]. However, given 
the low overall volume of SA, the maintenance of com-
petency requires an annual operator volume of only 5 
ablations with no comment on institutional volume[14]. 
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procedure. The current ACC/AHA/SCAI guidelines reco-
mmend a minimal annual volume of > 10 ASD/PFO 
closure procedures for maintenance of catheterization 
laboratory proficiency. However, these guidelines also 
note the lack of sufficient evidence based data for this 
recommendation. 

Opotowsky et al[18] showed the inverse hospital volume 
outcome relationship in an early study from the NIS data-
base. In another study that included a larger sample 
size, an absolute risk reduction of 4.6% was noted when 
procedures were performed at hospitals with an annual 
procedural volume > 10[1]. An additional absolute risk 
reduction of 2.1% was further noticed if procedures 
were performed at hospitals with an annual volume > 
25 indicating a need for possible revision of competency 
guidelines. Furthermore nearly 30% of the hospitals 
performing ASD/PFO closures were observed to be below 
the recommended threshold of 10 annual procedures 
(Figure 3B and C and Table 3).

LAA CLOSURE, ENDOVASCULAR 
STENTING OF ADULT COARCTATION
A recent study by Badheka et al[2] showed higher hospital 
volume to be inversely associated with better post-

procedural outcomes as well as lower hospitalization 
costs and shorter LOS[2] (Figure 4 and Table 4). Hospitals 
with and annual volume cut-off of > 18 procedures had 
post-procedural complication rate, which compared 
favorably with trial data. This study added evidence to 
inverse operator volume-outcome relationship seen in 
the CAP registry[19]. Further studies are again needed 
to determine volume thresholds and lay down minimal 
competency requirements. 

The use of stenting for adult aortic coarctation has 
been on the rise given the literature on favorable initial 
and intermediate outcomes. In a retrospective analysis, 
we observed significantly lower rate of post-procedural 
complications in hospitals performing more than 3 pro-
cedures annually (9.5% vs 23%, P = 0.002) including 
a lower rate of vascular complications (9.5% vs 20.6%) 
(Figure 5). Adjusted OR of post-procedural complications 
in hospitals with annual volume of 3 or more procedures 
was 0.40 (0.19-0.82, P = 0.013). These were further 
complemented by lower hospitalization costs at higher 
volume hospitals.

LIMITATIONS OF USING HOSPITAL 
VOLUME
A volume based referral strategy is not without its limita-
tions. This could restrict the entry of newer hospitals in 
a highly competitive medical field, which might actually 
provide contractual leverage to bigger hospitals with 
potential cost inflation. A procedure-based strategy 
always has the danger of leading to inappropriate proce-
dures by operators and institutions. Again, in order to 
keep up higher volumes, many institutions may forego 
quality improvement activities. Besides, low volume 
centers play an integral role in healthcare by catering to 
smaller communities especially in rural areas and in pre-
tertiary care. The benefits of selective referral to high 
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Effect of annual hospital volume on outcomes, length of stay and cost of hospitalization in TAVR

Figure 2  Effect of annual hospital volume on length of stay and cost of hospitalization in transcatheter aortic valve repair. TAVR: Transcatheter aortic valve 
repair. 

Variable OR (95%CI) P  value

Hospital volume tertile
   1st tertile 1 Referent
   2nd tertile 0.23 (0.12-0.41)    0.177
   3rd tertile 0.12 (0.06-0.23) < 0.001

Table 2  Multivariate predictors of primary and secondary 
outcomes for patients who underwent transcatheter mitral valve 
repair

OR: Odds ratio.
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volume centers thus must be weighed against a potential 
lack of access to healthcare resulting from regionalization. 
However, most of the emerging structural heart disease 
interventions are elective procedures that could justify 
transfer to higher volume centers.

Some authors have also suggested the role of operator 
volume and experience in contributing towards effect 

of institutional volume on outcomes. Indeed, some 
studies studying outcomes of surgical procedures have 
shown that the institutional-volume relationship might 
be non-significant once operator volume is accounted 
for. Nonetheless, other studies have also demonstrated 
persistent hospital volume outcomes relationship even 
after adjusting for operator volume. Additionally, hospital 

Primary outcome Length of stay Cost of care

OR (95%CI) P  value OR (95%CI) P  value OR (95%CI) P  value
Hospital volume (n of procedure per yr) 
   1st tertile (< 14) Referent Referent Referent 
   2nd tertile (14-37) 0.73 (0.57-0.93) 0.013 0.50 (0.36-0.69) < 0.001 0.72 (0.49-1.07)    0.104
   3rd tertile (> 37) 0.67 (0.48-0.94) 0.019 0.37 (0.24-0.57) < 0.001 2.55 (1.54-4.20) < 0.001

Table 3  Hospital volume and primary outcome, length of hospital stay > 2 d, and predictor of highest quartile of cost of care (> 
$17160) following atrial septal defect/patent foramen ovale closure: Multivariate adjusted model

Three levels hierarchical mixed effects models were generated (patient level factors nested within hospital level factors) with the unique hospital 
identification number incorporated as random effects. Primary outcome (n = 6328) was adjusted for age, sex, Deyo’s modification of Charlson 
Comorbidity Index, Median Household income, primary payer, hospital teaching status, emergent/urgent admission, weekend admission, Intracardiac 
Echocardiography use during procedure and hospital volume. In length of stay > 2 d (n = 6302) and predictors of highest quartile of cost (> 17160 $) (n = 
5389), we included all variables in primary outcome. Hospital volume were calculated based on the unique hospital identification number on year to year 
basis. OR: Odds ratio.
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Figure 3  Effect of annual hospital volume. A: On primary and secondary outcome during transcatheter mitral valve repair; B: On in-hospital mortality (primary 
outcome) during atrial septal defect/patent foramen ovale closure; C: On primary outcome, length of stay and cost of hospitalization during atrial septal defect/patent 
foramen ovale closure. ASD: Atrial septal defect; PFO: Patent foramen ovale; OR: Odds ratio.
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complexity in terms of range of services and technolo-
gical provided can be responsible for improved outcomes 
as shown in a prior study by McCrum et al[20] and thus 
findings of retrospective studies should be interpreted 
with caution. But in the absence of detailed informa-
tion on the quality of surgical procedures at a particular 
hospital, high hospital volume remains a valid contributor 
in reducing surgical mortality[21]. 

FUTURE DIRECTIONS
Hospital volume cannot be used as a sole quality metric 
since many low volume centers are known to provide 
safe and efficient healthcare. It is important to appraise 
the factors that result in superior outcomes in a subset 
of low-volume hospitals and further develop programs 
that allow other hospitals to adopt such practices. 
Development of newer structural heart programs with 
their multidisciplinary heart valve teams have lead 
to improved outcomes of surgical procedures in these 
hospital irrespective of annual procedural volume. This 
was demonstrated in recent analysis of improved out-
comes of surgical aortic and mitral valve replacement in 
TAVR and TMVR capable centers respectively (abstract 
presented as poster presentation at SCAI 2015 Scientific 
Sessions, San Diego, CA). Risk-adjusted mortality rates, 
complication and readmission rates when considered 
together are some of the other important factors that 

can be used to assess quality of healthcare provided by 
different hospitals. 

It has been previously demonstrated that a high 
coronary intervention volume does not translate into 
superior structural heart disease interventions out-
comes[22]. Moreover, the procedural volume requirements 
are difficult to apply to structural disease interventions 
since these complex, highly specialized interventions 
are performed in much lower numbers. This further 
lends support for amendments in training requirements 
with a focus on procedure specific training with variable 
proctoring and use of simulators, in depth knowledge 
of the field besides annual volume recommendations. 
Additionally, a standardized process of certification and 
maintenance based on outcomes needs to be deve-
loped[20]. A plausible option is the evolution of umbrella 
training wherein trainees could have the opportunity to 
rotate through different hospitals and gain knowledge 
about best clinical practices. 

CONCLUSION
Hospital volume is indeed a genuine predictor of post-
procedural outcomes. This is important in the current era 
of expanding structural heart disease interventions, which 
are relatively complex with evolving technology and a 
steep learning curve. However, other quality metrics should 
also be accounted for in order to avoid labeling any 
good low-volume hospitals as underperformers. Further 
studies are mandatory to study the volume-outcome 
relationship for multiple emerging structural interventions 
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Figure 5  Peri-procedural complication rates according to annual hospital 
volume.

Any procedural complication or death (n = 264) OR with 95%CI P value
Hospital annual LAA closure volume (per unit increase) 0.89 (0.85-0.94) < 0.001
Length of stay (n = 258) HR P value
Hospital annual LAA closure volume (per unit increase) 0.95 (0.92-0.98) < 0.001
Cost of hospitalization (n = 250) Estimate ($) P value
Hospital annual LAA closure volume (per unit increase) 0.96 (0.93-0.98) < 0.001

Table 4  Multivariate regression for different outcomes left atrial appendage closure

LAA: Left atrial appendage; OR: Odds ratio.
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since current data on many such interventions is either 
extrapolated from other procedures or based on con-
sensus rather than evidence. 
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