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A B S T R A C T   

Background: Intravascular imaging with either intravascular ultrasound (IVUS) or optical coherence tomography 
(OCT) during percutaneous coronary intervention (PCI) is associated with improved outcomes, but these tech-
niques have previously been underutilized in the real world. We aimed to examine the change in utilization of 
intravascular imaging-guided PCI over the past decade in the United States and assess the association between 
intravascular imaging and clinical outcomes following PCI for myocardial infarction (MI). 
Methods: We surveyed the National Inpatient Sample from 2008 to 2019 to calculate the number of PCIs for MI 
guided by IVUS or OCT. Temporal trends were analyzed using Cochran-Armitage trend test or simple linear 
regression for categorical or continuous outcomes, respectively. Multivariable logistic regression was used to 
compare outcomes following PCI with and without intravascular imaging. 
Results: A total of 2,881,746 PCIs were performed for MI. The number of IVUS-guided PCIs increased by 309.9 % 
from 6,180 in 2008 to 25,330 in 2019 (P-trend < 0.001). The percentage of IVUS use in PCIs increased from 3.4 
% in 2008 to 8.7 % in 2019 (P-trend < 0.001). The number of OCT-guided PCIs increased 548.4 % from 246 in 
2011 to 1,595 in 2019 (P-trend < 0.001). The percentage of OCT guidance in all PCIs increased from 0.0 % in 
2008 to 0.6 % in 2019 (P-trend < 0.001). Intravascular imaging-guided PCI was associated with lower odds of in- 
hospital mortality (adjusted odds ratio 0.66, 95 % confidence interval 0.60–0.72, p < 0.001). 
Conclusions: Although the number of intravascular imaging-guided PCIs have been increasing, adoption of 
intravascular imaging remains poor despite an association with lower mortality.   

Abbreviations: aOR, Adjusted odds ratio; BMS, Bare-metal stent; CI, Confidence interval; cOR, Crude odds ratio; DES, Drug-eluting stent; HCUP, Healthcare Cost 
and Utilization Project; ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification; ICD-10-CM, International Classification of Diseases, 
10th Revision, Clinical Modification; ICD-9-PCS, International Classification of Diseases, 9th Revision, Procedural Coding System; ICD-10-PCS, International Clas-
sification of Diseases, 10th Revision, Procedural Coding System; IVUS, Intravascular ultrasound; MI, Myocardial infarction; NIS, National Inpatient Sample; NSTEMI, 
Non-ST-elevation myocardial infarction; OCT, Optical coherence tomography; PCI, Percutaneous coronary intervention; STEMI, ST-elevation myocardial infarction; 
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1. Introduction 

Intravascular imaging-guided percutaneous coronary intervention 
(PCI) is associated with lower in-hospital mortality, myocardial infarc-
tion (MI), and target-lesion revascularization when compared with 
conventional angiography-guided PCI [1–2]). Guidance with intravas-
cular imaging can complement angiographic data by assisting in the 
assessment of lesion severity, plaque characteristics, and stent optimi-
zation [3]. In fact, patients with acute MI may derive the greatest benefit 
from PCI guided with intravascular imaging [4]. Adoption of intravas-
cular imaging [intravascular ultrasound (IVUS) or optical coherence 
tomography (OCT)] to guide PCI has remained slow despite consistent 
evidence of improved outcomes [5,6]. While patients with acute MI 
have been underrepresented in prior studies [7,8], limited data on IVUS- 
guided PCI in this subset has demonstrated an association with lower in- 
hospital mortality but limited uptake [9,10]. As the evidence supporting 
the use of intravascular imaging to guide PCI in patients with MI has 
accumulated [11,12], the longitudinal trajectory of adoption in 
contemporary practice remains unknown. Furthermore, whether 
increased utilization of intravascular imaging has translated into 
improved outcomes in real-world practice is unresolved. Thus, we set 
out to examine trends in the uptake of intravascular imaging for patients 
presenting with MI from 2008 to 2019 and undergoing PCI using the 
largest inpatient database in the United States (U.S.). We also evaluated 
the association between use of intravascular imaging and in-hospital 
mortality. 

2. Methods 

2.1. Data source 

Developed by the collaboration of the Healthcare Cost and Utiliza-
tion Project (HCUP) and the Agency for Healthcare Research and 
Quality, the National Inpatient Sample (NIS) is the largest inpatient 
healthcare database consisting of sampled discharges from community 
hospitals in the U.S., excluding long-term acute care and rehabilitation 
hospitals [13]. After application of weights, it approximates more than 
35 million admissions, representing 97 % of the national population. 
Beginning in the year 2012, the former Nationwide Inpatient Sample 
was renamed NIS for sampling all HCUP-participating hospitals in 
contrast to the previous method of sampling hospitals that retained all 
their discharges. The NIS protects patient confidentiality by anonymiz-
ing all entries, so the database strictly contains de-identified patient 
information. Therefore, our study was exempt from approval by our 
institutional review board as only openly available data from the NIS 
were used. The data that support the findings of this study are readily 
available on the public website of the HCUP [13]. 

2.2. Study population and variables 

We used International Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) and International Classification of Diseases, Tenth 
Revision, Clinical Modification (ICD-10-CM) who identify all hospital 
admissions with the primary diagnosis of myocardial infarction from 
NIS 2008 to 2019. We then used International Classification of Diseases, 
Ninth Revision, Procedural Coding System (ICD-9-PCS) and International 
Classification of Diseases, Tenth Revision, Procedural Coding System (ICD- 
10-PCS) to leave only those in which PCI, defined by the deployment of 
either a drug-eluting stent (DES) or bare-metal stent (BMS), was per-
formed. ICD-9-CM and ICD-9-PCS codes were used up to September 30, 
2015, after which ICD-10-CM and ICD-10-PCS codes were used in 
accordance with the updated NIS. We additionally used procedural 
codes to identify PCIs that were guided by intravascular imaging, con-
sisting of IVUS and OCT. To delineate patient characteristics, we 
extracted information on demographics (sex, age, race), comorbidities 
(smoking, hypertension, diabetes mellitus, hyperlipidemia, obesity, 

heart failure, chronic ischemic heart disease, atrial fibrillation, valvular 
heart disease, peripheral artery disease, previous stroke, previous cor-
onary artery bypass graft, previous pacemaker, chronic pulmonary dis-
ease, pulmonary hypertension, chronic kidney disease, end-stage renal 
disease, liver cirrhosis, history of malignancy, deficiency anemia, 
malnutrition, dementia, major depression), hospital characteristics (re-
gion, bed size, urban location), primary payer, median income by ZIP 
code, and clinical presentation. We also collected procedural data 
regarding the use of mechanical thrombectomy, intra-aortic balloon 
pump, extracorporeal membranous oxygenation, percutaneous left 
ventricular assist device, durable left ventricular assist device, renal 
replacement therapy, and mechanical ventilation. A summary of the 
ICD-9 and ICD-10 codes can be found in Table S1. 

2.3. Study outcomes 

Primary outcomes of interest included the annual trends in the 
number and percentage of IVUS-guided PCIs and OCT-guided PCIs from 
2008 to 2019. Secondary outcomes included the trend of in-hospital 
mortality, length of stay, and total hospital cost over the same period. 
In comparing PCIs with and without intravascular imaging, identical 
outcomes of in-hospital mortality, length of stay, and total hospital cost 
were analyzed. 

2.4. Statistical analysis 

Survey analysis methodology using weights of hospital-level 
discharge from the NIS was used to calculate nationally representative 
estimates [14]. The survey weight, DISCWT, was used from NIS 2012 to 
2019, and TRENDWT from NIS 2008 to 2011 to provide national esti-
mates for trend analyses that are consistent throughout the entire period 
[15]. Continuous variables in patient and procedural characteristics 
were presented as means with standard deviations while categorical 
variables were summarized as percentages. The annual number of PCIs 
for myocardial infarction was divided by the total projected U.S. pop-
ulation from the Bureau of the Census to provide the number of PCIs per 
100,000 persons [16]. Age-standardized in-hospital mortality rate was 
calculated based on direct age-standardization method using the pro-
jected U.S. population at year 2000 [11,17–18]. Cost-to-Charge Ratio 
files, provided by HCUP, were used to calculate total hospital costs from 
total hospital charges. Total hospital costs were then adjusted for 
inflation to 2014 U.S. dollars based on the medical care component of 
the U.S. Consumer Price Index. 

Temporal trends in patient and procedural characteristics were 
examined used Cochran-Armitage trend test for categorical variables 
and simple linear regression test for continuous variables. Trends of 
continuous outcomes, including number of PCIs, length of stay, and total 
hospital cost, were analyzed using simple linear regression test. Poisson 
regression was used to assess the trend of in-hospital mortality from 
2008 to 2019. The frequency of intravascular imaging was examined 
after stratification into different races, hospital regions, hospital bed 
sizes, hospital urban locations, primary payers, and median income 
levels. When comparing in-hospital mortalities after PCIs with and 
without intravascular imaging, we used simple logistic regression to 
generate the crude odds ratio (cOR) with 95 % confidence interval (CI) 
and multivariable logistic regression to generate adjusted odds ratio 
(aOR) with 95 % CI. Mean differences in length of hospital stay and total 
hospital cost were each calculated using linear regression models. 
Covariates used to adjust included sex, age, race, comorbidities, hospital 
characteristics, primary payer, median income, stent type, and proced-
ures. Sensitivity analyses stratified to STEMI and non-ST-elevation 
myocardial infarction (NSTEMI) were conducted. We considered P- 
value < 0.05 as significant, and all tests were 2-sided. All data curation 
and analyses were conducted using SAS, version 9.4 (SAS Institute, Cary, 
NC). 
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3. Results 

From 2008 to 2019, a total of 2,881,746 PCIs with either DES or BMS 
were performed for myocardial infarction (Figure S1). The number of 
PCIs increased 60.7 % from 181,629 in 2008 to 291,855 in 2019 (P- 
trend < 0.001) (Fig. 1A). The number of PCIs significantly increased 
even when U.S. population growth was taken into consideration: 62 per 
100,000 in 2008 to 91 per 100,000 in 2019 (P-trend < 0.001). The mean 
age of patients who underwent PCI increased from 62.7 years in 2008 to 
64.6 years in 2019 (P-trend < 0.001) (Table S2). The proportion of Af-
rican American, Hispanic, and Asian patients in yearly PCIs each 
increased from 2008 to 2019 (all P-trend < 0.001) while that of 
Caucasian patients decreased (P-trend < 0.001). The prevalence of most 
comorbidities, including diabetes, hyperlipidemia, obesity, heart fail-
ure, atrial fibrillation, and chronic kidney disease, increased over the 
same period (all P-trend < 0.001). The proportion of STEMIs decreased 
from 53.2 % in 2008 to 43.4 % in 2019 (P-trend < 0.001). The use of DES 
demonstrated significant growth from 56.9 % in 2008 to 96.3 % in 2019 
(P-trend < 0.001) in contrast to the dwindling usage of BMS (46.5 % in 
2008 to 4.1 % in 2019, P-trend < 0.001) (Table S3). In-hospital mor-
tality after PCI slightly increased from 2.7 % in 2008 to 3.1 % in 2019 (P- 
trend < 0.001), a trend that was consistent even after age- 
standardization (Table S4). 

Overall, most (94.3 %) of the PCIs for myocardial infarction did not 
have intravascular imaging. However, the number of IVUS-guided PCIs 
increased by 309.9 % from 6,180 in 2008 to 25,330 in 2019 (P-trend <
0.001) (Fig. 1B). The percentage of PCIs for MI in which IVUS was uti-
lized also increased from 3.4 % in 2008 to 8.7 % in 2019 (P-trend <
0.001) (Table S2). Similar increasing adoption was seen with OCT- 
guided PCI. No OCT-guided PCI was performed from 2008 to 2010, 
but beginning in 2011, the number of OCT-guided PCIs increased 548.4 
% from 246 to 1,595 in 2019 (P-trend < 0.001) (Fig. 1C). The percentage 
of PCIs in which OCT was performed also increased from 0.0 % in 2008 
to 0.6 % in 2019 (P-trend < 0.001) (Table S2). The baseline and pro-
cedural characteristics of IVUS- and OCT-guided PCIs are separately 
shown in Tables S5-S8. 

The use of intravascular imaging did not substantially differ by pa-
tient race, except for moderately higher use (7.2 %) in American Indians 
or Alaskan Natives (Fig. 2A). Intravascular imaging was almost twice as 
frequently adopted in hospitals geographically located in the West (8.8 
%) compared with those in the Northwest (4.9 %), Midwest (5.3 %), and 
the South (4.9 %) (Fig. 2B). No substantial differences were found across 
different hospital sizes (Fig. 2C) and hospital urban locations (Fig. 2D). 
Less intravascular imaging was used in PCIs that were self-pay (4.9 %) or 
uncharged (3.5 %) compared with those primarily paid by Medicare 
(5.7 %), Medicaid (6.0 %), or private insurance (5.8 %) (Fig. 2E). A 
marginally increasing trend (P-trend = 0.056) in the use of intravascular 
imaging-guided PCIs was seen with increasing quartile of median in-
come (Fig. 2F and Table S9). 

After stratifying all PCIs for myocardial infarction to those with and 
without intravascular imaging, 164,660 and 2,717,086 PCIs were allo-
cated to the former and latter, respectively. Patient and procedural 
characteristics of both groups are described in Table S10. Intravascular 
imaging-guided PCIs had a mean in-hospital mortality rate of 2.1 % 
compared with 2.8 % in PCIs without intravascular imaging (Table 1). 
The former was associated with lower odds of in-hospital mortality (cOR 
0.75, 95 % CI 0.70–0.81, p < 0.001), which was consistent even after 
adjustment for potential confounders (aOR 0.66, 95 % CI 0.60–0.72, p <
0.001). The difference was largely preserved even after stratifying 
intravascular imaging to IVUS-guided and OCT-guided PCIs (Table S11). 
Intravascular imaging-guided PCI was associated with lower odds of in- 
hospital mortality in sensitivity analysis of STEMI (aOR 0.70, 95 % CI 
0.62–0.79, p < 0.001) and NSTEMI (aOR 0.71, 95 % CI 0.61–0.82, p <
0.001). However, they were associated with slightly longer length of 
hospital stay (adjusted mean difference 0.19, 95 % CI 0.16–0.23, p <
0.001) and moderately higher inflation-adjusted total hospital cost 
(adjusted mean difference $3,998, 95 % CI 3,839–4,157, p < 0.001). 
Additional trend analysis of total hospital cost revealed increasing 
trends for all PCIs, IVUS-guided PCIs, and OCT-guided PCIs, both 
inflation-adjusted and unadjusted (all P-trend < 0.001) (Fig. 3). How-
ever, IVUS-guided PCIs had higher total hospital cost than all PCIs 
throughout all the years while OCT-guided PCIs had higher total hos-
pital cost than all PCIs since the year following its first adoption. 

4. Discussion 

In the largest study to date of intravascular imaging to guide PCI for 
MI in the United States, we identified several key findings: (a) the use of 
intravascular imaging for PCI is rapidly increasing throughout the U.S., 
though overall usage remains a small proportion of all PCIs performed; 
(b) PCI for MI did increase from 2008 to 2019, but the proportion of 
IVUS-guided and OCT-guided PCIs increased at a greater rate; (c) usage 
differed by hospital systems and region; and (d) after adjustment, use of 
intravascular imaging was associated with lower in-hospital mortality in 
patients undergoing PCI for MI. 

Our findings add to the growing body of evidence that favor the use 
of intravascular imaging in PCI guidance, which is also reflected in the 
recent global guidelines. The 2021 ACC/AHA/SCAI Guideline for Cor-
onary Artery Revascularization provided a 2a class of recommendation 
for intravascular imaging in patients undergoing stent implantation 
based on evidence from RCTs as well as meta-analyses [11]. The 2018 
ESC/EACTS/EAPCI Guidelines on Myocardial Revascularization also 
provide 2a class of recommendation of IVUS or OCT to optimize stent 
implantation, and IVUS in optimizing the treatment of unprotected left 
main lesions [12]. Notably, the ULTIMATE (Intravascular Ultrasound 
Guided Drug Eluting Stents Implantation in “All-Comers” Coronary Le-
sions) trial, which was the largest trial of routine IVUS-guided PCI, 
demonstrated a lower rate of target-vessel failure with IVUS-guided PCI 

Fig. 1. Trend in the number of percutaneous coronary interventions for myocardial infarction from 2008 to 2019, The bar graphs illustrate the number of 
PCIs performed for myocardial infarction from 2008 to 2019. Fig. 1A represents all PCIs, and the red line depicts the number of PCIs per 100,000 persons in the U.S. 
population. Fig. 1B represents IVUS-guided PCIs, and the red line shows the percent of IVUS-guided PCIs in all PCIs. Fig. 1C represents OCT-guided PCIs, and the red 
line shows the percent of OCT-guided PCIs in all PCIs. Abbreviations: IVUS = intravascular ultrasound; OCT = optical coherence tomography; PCI = percutaneous 
coronary intervention; U.S. = United States. 
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compared with angiography-guided PCI at 12 months and lower rates of 
target vessel failure at 3 years [7,15]. However, more studies investi-
gating the impact of intravascular imaging on PCI of STEMI patients are 
needed [12], and our study, albeit retrospective in nature, suggests a 
potential benefit in both STEMI and NSTEMI. 

In contrast to most previous studies which showed a benefit of 
intravascular imaging after longer-term follow-up [7,15], our findings 
suggest a potential improvement in in-hospital mortality even in the 
short-term, including the index hospitalization. This may be due to stent 
optimization, reduction of early stent thrombosis, and accurate detec-
tion as well as management of post-PCI complications, all of which are 
facilitated by intravascular imaging [19,20]. As the importance of MI 
with no obstructive coronary disease increases with the aging popula-
tion [21], the use of IVUS or OCT can allow more accurate under-
standing of the underlying pathology [22], providing significant 
diagnostic and prognostic value which may potentially translate into 
improved early outcomes [23]. A smaller registry study has similarly 
demonstrated that early clinical events can be improved using IVUS 
[24]. However, operators who utilize intravascular imaging may be 
more experienced and working in more resource-abundant and high- 

volume settings, which may also be contributing to the benefit seen in 
our study. Despite the multiple potential benefits of routine intravas-
cular imaging, some observational studies have reported inharmonious 
results [25]. Thus, further studies, more standardized approaches, and 
dissemination of expert knowledge regarding intravascular imaging are 
necessary. In addition, whether lesion-guided use of IVUS versus OCT in 
specific sub-populations can improve outcomes represents a key area for 
future investigation. For instance, greater stent expansion and signifi-
cant reduction in calcium thickness was reported with OCT-guided PCI 
in patients with calcified lesions [26]. It remains to be seen if these 
characteristics can be translated into differential clinical outcomes. 

In a recent analysis using the National Readmissions Database, 
Belakrishna et al studied the utilization of OCT-guided and IVUS-guided 
PCI and differences in their in-hospital mortality and 30 and 90-day 
readmission rates and found that intravascular imaging has been 
steadily increasing in the U.S., a finding consistent with our study [27]. 
Furthermore, they showed that the overall 30-day readmission rates of 
patients who underwent OCT-guided PCI were lower compared with 
those who underwent IVUS-guided PCI [27]. In comparison, our study 
builds on the findings from Belakrishna et al in several ways. First, our 

Fig. 2. Use of intravascular imaging across different races, hospitals, primary payer, and income, The bar graphs show the frequency of intravascular imaging, 
consisting of either intravascular ultrasound or optical coherence tomography, across different races (Fig. 2A), hospital regions (Fig. 2B), hospital bed sizes (Fig. 2C), 
hospital urban locations (Fig. 2D), primary payers (Fig. 2E), and median income quartiles (Fig. 2F). 

Table 1 
Comparison of outcomes after percutaneous coronary intervention with and without intravascular imaging.   

Outcome Intravascular Imaging (þ) Intravascular Imaging (-) Crude Odds Ratio P-value Adjusted Odds Ratioa P-value 

All MI In-hospital mortality (%) 2.1 2.8 0.75 (0.70–0.81)  <0.001 0.66 (0.60–0.72)  <0.001 
Length of stay (days) 4.0 3.7 0.28 (0.23–0.32)b  <0.001 0.19 (0.16–0.23)b  <0.001 
Total hospital costc ($) 28,853 23,211 5,642 (5,448–5,836)b  <0.001 3,998 (3,839–4,157)b  <0.001 

STEMI In-hospital mortality ($) 3.2 4.4 0.72 (0.66–0.80)  <0.001 0.70 (0.62–0.79)  <0.001 
Length of stay (days) 3.8 3.7 0.10 (0.03–0.18)b  0.007 0.13 (0.07–0.19)b  <0.001 
Total hospital costc ($) 29,725 24,123 5,602 (5,267–5,937)b  <0.001 4,295 (4,022–4,567)b  <0.001 

NSTEMI In-hospital mortality (%) 1.3 1.4 0.97 (0.86–1.10)  0.643 0.71 (0.61–0.82)  <0.001 
Length of stay (days) 4.0 3.6 0.41 (0.36–0.47)b  <0.001 0.22 (0.17–0.27)b  <0.001 
Total hospital costc ($) 28,238 22,406 5,832 (5,607–6,057)b  <0.001 3,761 (3,576–3,946)b  <0.001 

Abbreviations: MI = myocardial infarction; NSTEMI = non-ST-elevation myocardial infarction; STEMI = ST-elevation myocardial infarction. 
a Adjusted for sex, age, comorbidities, hospital characteristics, primary payer, median income, and procedural characteristics. 
b Mean difference with 95% confidence interval. 
c Inflation-adjusted total hospital cost, rounded to the nearest United States dollar. 
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study compares outcomes specifically in patients with MI (STEMI & 
NSTEMI) undergoing PCI with and without intravascular imaging, thus 
providing a control group, larger sample size, and more accurate inpa-
tient estimates. Belakrishna et al included patients who underwent 
balloon angioplasty in their cohort whereas we focused on patients who 
received either DES or BMS in order to avoid confounding from patients 
who undergo POBA alone, as they may differ in key ways from the 
general population of patients with MI. Their study included patients 
with unstable angina and stable ischemic heart disease which impacted 
the number of procedures since increasing numbers of PCI for stable 
disease were performed in the outpatient setting along the course of 
their study [28]. We also utilized the NIS, which includes data from 
more participating hospitals and U.S. States and is primarily designed to 
calculate national estimates of total hospitalizations [29]. Our study 
confirms a clear association between the use of intravascular-imaging to 
guide PCI in patients with MI and improved in-hospital mortality, 
demonstrating that the benefits demonstrated in the early years of 
intravascular imaging have been maintained as the technology gained 
more traction and broader uptake over the years [30–32]. 

Despite these clear benefits, intravascular imaging is still not used 
routinely. In a recent survey, the most common reasons for reluctance to 
use intravascular imaging include high cost, uncertainty whether it 
provides additional clinical benefit, and concerns about receiving 
adequate training [33]. These findings were consistent with prior sur-
veys among interventional cardiologists and interventional cardiology 
fellows [34]. Device-related complications, such as dissection, perfora-
tion, arrhythmia, thrombosis, and vasospasm, may also be contributing 
to the slow reception of intravascular imaging [35]. We did identify 
higher cost associated with the use of intravascular imaging, but with 
significantly lower in-hospital mortality offsetting that cost. We also 
believe that the lowered risk of post-discharge all-cause mortality, 
myocardial infarction, and target lesion revascularization after guidance 
with intravascular imaging may lead to better cost-efficiency in the long 
run by reducing additional hospitalizations and procedures [2]. Never-
theless, potential solutions to these barriers include widely available 
sessions for additional training or proctoring which can increase oper-
ator comfort and expertise, leading to improved uptake of intravascular 
imaging. 

Although intravascular imaging use remained relatively infrequent 
at the end of the study period, there were certain factors that were 
associated with increased use. Hospitals located in the West and large 
and urban teaching hospitals had higher use of intravascular imaging. 
The influence of inter-hospital variability demonstrated here is consis-
tent with prior studies [6]. Further efforts to mitigate the differences 
across different geographical areas and hospitals are urgently needed to 
provide the highest level of care regardless of where a patient is 
hospitalized. 

4.1. Limitations 

Our study has some limitations. First, it is a retrospective observa-
tional study over 12 years, which limits any conclusions regarding 
causality between intravascular imaging use and in-hospital outcomes. 
Second, data are derived from procedure codes and are therefore subject 
to coding errors and/or reporting bias. Third, there are no-prespecified 
criteria on intravascular imaging-based management and no detailed 
criteria to guide treatment decisions based on intravascular imaging 
findings, which can potentially lead to differences across operators. 
Fourth, information on medications, complexity of PCI, coronary anat-
omy, and location of target lesion was not available in the dataset. Fifth, 
there are a plethora of specific indications for IVUS in PCI (i.e. left main 
intervention), but more granular data with this information were not 
available. Sixth, there are no long-term follow-up data available in the 
NIS at the patient level. Seventh, our analysis was confined to patients 
with myocardial infarction, so our findings may not be generalizable to 
those with stable ischemic heart disease. Eighth, additional studies are 
needed to assess the cost-effectiveness of intravascular imaging, its 
contemporary trend, and benefits associated with differential use of 
IVUS and OCT. 

4.2. Conclusion 

The adoption of intravascular imaging is rapidly increasing 
throughout the U.S., though overall usage remains low, with differences 
across hospital systems and regions. After adjustment, the use of intra-
vascular imaging was associated with lower in-hospital mortality in 

Fig. 3. Total hospital cost of percutaneous coronary intervention for acute myocardial infarction, The line graphs show the total hospital costs for all PCIs, 
unadjusted (red) and adjusted for inflation (orange); IVUS-guided PCIs, unadjusted (blue) and adjusted for inflation (sky blue); and OCT-guided PCIs, unadjusted 
(green) and adjusted for inflation (yellow green) from 2008 to 2019. Asterisks (*) at the end of the graphs denote significant P-trend less than 0.001. Abbreviations: 
IVUS = intravascular ultrasound; OCT = optical coherence tomography; PCI = percutaneous coronary intervention. 
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patients undergoing PCI for MI (Graphical Abstract). 
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