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ABSTRACT

PH occurs alone or in association with many disorders. Many patients with transthoracic echocardiography (TTE) findings suggesting 
PH never receive additional evaluation. Patient characteristics and echocardiographic data associated with increased recognition of 
PH have not been fully evaluated. We evaluated TTE reports at the Cincinnati Veterans Affairs Medical Center from 2005 to 2006 
retrospectively for findings highly indicative of PH: Estimated systolic pulmonary artery pressure (sPAP) ≥40 mmHg, increased 
right atrial or right ventricular (RV) size, or reduced RV function. Only patients with left ventricular ejection fraction (LVEF) ≥50% 
and no known diagnosis of PH were included. Patient characteristics, TTE findings, provider recognition rates, and subsequent 
referral for additional evaluation were assessed. A total of 227 of 3,960 (5.7%) TTE reports revealed findings indicating possible 
PH. Providers acknowledged possible PH in 53 (23.4%) reports. Recognized PH was predicted by increased RV size (odds ratio 
(OR) = 5.07, P < 0.001), increased right atrial dimension (OR = 6.45, P < 0.001), decreased RV function (OR = 8.86, P < 0.001), 
and increased PAP (OR = 1.04 corresponding to each unit increase of PAP, P < 0.01). Patients with comorbid obstructive sleep 
apnea (OSA), interstitial lung disease, and dyspnea were also more likely to be recognized (OR = 3.63, P = 0.021; OR = 10.98, 
P = 0.004; OR = 2.39, P = 0.007, respectively). The 12-month mortality rate for recognized patients, 11.3% (7/53), was lower than 
for unrecognized patients, 25.3% (44/174; P = 0.03). Providers recognized less than one in four patients with echocardiographic 
evidence suggesting PH. Echocardiography reports revealing higher PAP and right heart dilation and dysfunction are associated 
with increased acknowledgement of possible PH.
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Elevation of pulmonary vascular pressures, pulmonary 
hypertension (PH), is associated with multiple disorders 
and may cause multiple nonspecific clinical symptoms, 
radiographic findings, and electrocardiographic changes.[1-3] 
Effective therapies make the early recognition and diagnosis 
of PH increasingly important, as diagnostic delays are 
associated with increased mortality.[4,5] Transthoracic 
Doppler echocardiography (TTE) is a critical tool for 

the evaluation of suspected PH.[6] Echocardiographic 
findings of elevated estimated systolic pulmonary artery 
pressure (sPAP) are frequently the stimulus for right heart 
catheterization (RHC) to diagnose PH definitively and 
to determine whether the elevated pressures are due to 
pulmonary artery hypertension (PAH) or other processes.
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Recent analysis of the Registry to Evaluate Early and 
Long-term Pulmonary Artery Hypertension Disease 
Management showed that symptoms began more than 
two years before diagnosis in 21.1% of patients with 
PAH.[7] The most common symptoms were exertional 
breathlessness, fatigue, and chest discomfort. Patient 
characteristics associated with delayed diagnosis 
included age < 36 years and comorbidities of chronic 
obstructive pulmonary disease (COPD) or obstructive 
sleep apnea (OSA). Although echocardiography is 
frequently an initial study in the evaluation of patients 
with dyspnea on exertion or chest discomfort and is often 
the first study to suggest the presence of PH,[8] providers’ 
acknowledgement of TTE findings suggesting PH is not 
well studied.

To determine provider recognition rates of possible PH 
identified by TTE and the clinical and echocardiographic 
variables associated with PH recognition, we investigated 
clinicians’ responses to echocardiography reports 
indicating elevated sPAP.

MATERIALS AND METHODS

This study was conducted at the Cincinnati Veterans 
Administration Medical Center (VAMC) after approval from 
the University of Cincinnati Internal Review Board (UC 
IRB no. 08100301) and the Cincinnati VAMC Research and 
Development Committee.

We retrospectively reviewed reports from 3,960 TTEs 
performed between January 1, 2005 and December 31, 2006. 
We used a high echocardiographically estimated sPAP 
threshold, ≥ 40 mmHg, to identify those patients whose PH 
may warrant further evaluation. Patients with diminished 
left ventricular systolic function (LVSF), LV ejection fraction 
(LVEF) < 50%, were excluded to decrease PH that may 
be caused by left heart disease. When a range for either 
of these variables was listed, the lower end of the range 
needed to be ≥ 40 mm Hg or ≥ 50%, respectively. LVEF 
reported as “normal,” was assumed to be at least 50%. 
Diastolic dysfunction (DD) was noted but did not exclude 
patients (Fig. 1).[9] The magnitude of right sided dilation 
and RV dysfunction was not qualified due to the lack of 
standardized reporting. TTEs performed on patients with 
(1) an established diagnosis of PH, (2) acute pulmonary 
embolism, or (3) immediately after cardiopulmonary 
resuscitation and TTEs demonstrating hemodynamically 
significant pericardial effusions were excluded. If a patient 
had multiple TTEs performed during the study period, only 
the first study demonstrating evidence of PH was included.

At the Cincinnati VAMC, all echocardiograms required 
completion of a request form recording the study indication 

including a specific interest in “pulmonary hypertension” 
and/or “RV function” as well as patient symptoms: Dyspnea, 
chest pain, edema, and syncope. Age, race, body mass 
index, smoking status, valvular abnormalities, and relevant 
comorbidities were also recorded.

We reviewed the electronic medical record of all patients 
with echocardiograms meeting inclusion criteria for evidence 
that a provider acknowledged the TTE abnormalities 
suggesting PH. We evaluated all provider notes written after 
the echocardiogram and before February 1, 2009 for any 
of these phrases suggesting the recognition of possible PH: 
“Pulmonary hypertension,” “right heart failure,” “right heart 
overload,” “right heart strain,” “elevated pulmonary pressures,” 
“abnormal pulmonary pressures,” or “cor pulmonale.” If any 
of these phrases or other reference to abnormal right heart 
findings appeared in a note, we considered the provider 
to have recognized possible PH. We determined who 
acknowledged the TTE results and what further evaluation, 
if any, was pursued. We did not assess PH management. The 
duration of follow-up ranged from 25 to 37 months.

Echocardiography
Each TTE was performed using a Philips Sonos 5500 or 7500 
Echocardiogram Platform. sPAP was estimated by measuring 
the right ventricle-right atrium (RV-RA) pressure difference 
using the modified Bernoulli equation (4v2, v is the highest 
observed velocity of the tricuspid regurgitant jet) and adding 
the estimated RA pressure determined by assessing RA size 
and the size and collapsibility of the inferior vena cava. 
LVEF was determined by visual estimation. Sonographers 
measured diastolic parameters using spectral Doppler data 
assessing mitral valve inflow in conjunction with tissue 
Doppler measurements obtained at the lateral and septal 
portions of the mitral annulus. Each cardiologist assessed 
DD using standard criteria.[10] During the study period, eight 
cardiologists with level 2 or 3 echocardiographic training 
interpreted TTEs. All reports used a standardized template.

Statistical methods
The binary outcome of recognized PH was predicted by 
individual clinical factors using both unadjusted and adjusted 
methods to compute logistical regression models. The 
unadjusted method used one factor or predictor at a time 
to predict the outcome; in the adjusted method, patient’s 
demographics were added as controlling covariates to adjust 
for prediction of the factor in the logistical model. One-year 
survival rates were estimated using Kaplan-Meier curves 
and compared using a logrank test. Numerical variables 
were summarized using medians (ranges), and compared 
between groups using Wilcoxon rank sum tests. Categorical 
variables were summarized using frequencies (%) and 
compared between groups using Fisher’s exact tests. All 
statistical computations were performed using SAS 9.2 (SAS, 
Cary, NC). P < 0.05 were considered statistically significant.
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RESULTS

Clinical characteristics and TTE findings
Of the 3,960 TTE reports, 227 (5.7%) contained findings 
suggesting PH, preserved LVEF, and no excluding conditions 
(Fig. 1). These 227 patients formed the study group. Their 
demographics and clinical characteristics are presented 
in Table 1. Providers acknowledged elevated pulmonary 
pressures in 53 of the 227 patients (23.3%).

Among the 81 patients who underwent TTE for an indication 
of RV assessment, findings of PH were acknowledged 
in 28 (34.6%) patients. The OR of PH recognition was 
2.56 (P = 0.003) for the TTE indication of RV assessment. 
TTEs performed to assess for PH were not associated with 
an increased acknowledgement of the presence of findings 
suggesting PH (P = 0.664).

TTE findings suggesting PH were acknowledged in 26 of 

Figure 1: Flow diagram of study population
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76 patients (34.2%) with dyspnea but in only 27 of 151 
(17.9%) individuals who were not breathless (Table 2). 
The OR of PH recognition was 2.39 (P = 0.007) for the 
presence of dyspnea. Chest pain, edema, and syncope were 
not associated with the acknowledgement of possible PH. 
Among comorbidities, both OSA and interstitial lung disease 
(ILD) positively predicted PH recognition, with ORs of 3.63 
(P = 0.021) and 10.98 (P = 0.004), respectively.

The median estimated sPAP was significantly higher 
in the recognized compared with the unrecognized 
cohort (50 vs 46 mmHg, P = 0.005). Among TTEs with 
sPAPs ≥50 mmHg (n = 100), 29 were recognized whereas 
71 were unrecognized (Table 1). sPAP was a significant 
predictor of PH recognition, the OR (95% confidence 
interval [CI]) of recognition was 1.04 (1.02, 1.07) for each 
unit increase in the sPAP (P = 0.001).

Providers were more likely to recognize PH when RA or 
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Table 1: Summary of patient characteristics
Patient's Characteristics Category All Patients (N=227) Recognized (N=53) Unrecognized (N=174) P value

Age†  74 (29, 93) 71 (29, 91) 74 (44, 93) 0.110
Race‡ White 184 (82.5%) 46 (86.8%) 138 (81.2%) 0.642
 Black 38 (17.0%) 7 (13.2%) 31 (18.2%)  
 Hispanic 17 (0.5%) 0 (0.0%) 1 (0.6%)  
Gender‡ Male 220 (96.7%) 52 (98.1%) 168 (96.6%) 1.000
BMI†  27 (14, 284) 28 (18, 55) 26 (14, 284) 0.061
Smoking‡ No 40 (17.9%) 11 (20.8%) 29 (17.1%) 0.737
 Previous Smoker 65 (29.2%) 16 (30.2%) 49 (28.8%)  
 Current Smoker 29 (52.9%) 26 (49.1%) 92 (54.1%)  
PAP†  48 (40, 112) 50 (40, 112) 46 (40, 88) 0.005
EF†  59 (50, 80) 58 (50, 75) 60 (50, 80) 0.163

†Numerical variables are summarized using median (min, max) and compared between recognized and unrecognized groups using Wilcoxon rank sum tests. 
‡Categorical variables are summarized using frequency (in %) and compared between recognized and unrecognized groups using Fisher's exact tests.

Table 2: Odds ratio of recognition predicted by clinical factors
Clinical Factors Factor 

Presence
N Frequency of 

recognition 
(%)

Unadjusted Method† Adjusted Method‡

OR (95% CI) P value OR (95% CI) P value

Symptoms        
Chest Pain (A) No 217 50 (23.0)     

Yes 10 3 (30.0) 1.43 (0.36, 5.74) 0.613 1.33 (0.33, 5.36) 0.686
Dyspnea (B) No 151 27 (17.9)     

Yes 76 26 (34.2) 2.39 (1.27, 4.49) 0.007 2.33 (1.24, 4.40) 0.009
Edema (C) No 198 47 (23.7)     

Yes 29 6 (20.7) 0.84 (0.32, 2.18) 0.717 0.84 (0.32, 2.19) 0.717
Syncope (D) No 217 51 (23.5)     

Yes 10 2 (20.0) 0.81 (0.17, 3.95) 0.798 0.78 (0.16, 3.82) 0.763
Any Symptoms (A-D) No 125 23 (18.4)     

Yes 102 30 (29.4) 1.85 (0.99, 3.44) 0.053 1.79 (0.96, 3.34) 0.068
Echo Indications        

Assessing RV No 146 25 (17.1)     
Yes 81 28 (34.6) 2.56 (1.36, 4.79) 0.003 2.55 (1.35, 4.81) 0.004

PH No 113 25 (22.1)     
Yes 114 28 (24.6) 1.15 (0.62, 2.12) 0.664 1.26 (0.68, 2.36) 0.462

Either RV or PH No 87 15 (17.2)     
Yes 140 38 (27.1) 1.79 (0.92, 3.49) 0.089 1.94 (0.99, 3.81) 0.054

Comorbidities        
COPD No 148 33 (22.3)     

Yes 79 20 (25.3) 1.18 (0.62, 2.24) 0.609 1.14 (0.60, 2.16) 0.692
OSA No 213 46 (21.6)     

Yes 14 7 (50.0) 3.63 (1.21, 10.88) 0.021 3.49 (1.14, 10.68) 0.028
ILD No 219 47 (21.5)     

Yes 8 6 (75.0) 10.98 (2.15, 56.18) 0.004 12.35 (2.23, 68.27) 0.004
Echo Characteristics        

RA Size Normal 92 8 (8.7)     
Increased 113 43 (38.1) 6.45 (2.84, 14.62) <0.001 6.16 (2.70, 14.05) <0.001

RV Size Normal 150 22 (14.7)     
Increased 58 27 (46.6) 5.07 (2.55, 10.06) <0.001 4.76 (2.37, 9.56) <0.001

RV Function Normal 155 20 (12.9)     
Decreased 37 21 (56.8) 8.86 (3.97, 19.76) <0.001 8.82 (3.90, 19.91) <0.001

Diastolic Dysfunction No 70 19 (27.1)     
Not stated 126 28 (22.2) 0.77 (0.39, 1.50) 0.440 0.79 (0.40, 1.56) 0.499
Yes 31 6 (19.4) 0.64 (0.23, 1.81) 0.405 0.62 (0.22, 1.77) 0.376

Valvular Abnormalities No 115 29 (25.2)     
Yes 106 23 (21.7) 0.82 (0.44, 1.54) 0.538 0.84 (0.45, 1.58) 0.591

PA Pressure        
PAP§    1.04 (1.02, 1.07) 0.001 1.04 (1.02, 1.07) 0.002

†The unadjusted logistical regression model uses one clinical factor as a predictor of interest at a time without adjusting for demographics; values in the column 
"OR (95% CI)" are odds ratio (95% confidence interval) of recognition against the reference group (in italic). ‡The adjusted logistical regression model uses the 
same clinical factor after adjusting for demographics; values in the column "OR (95% CI)" are odds ratio (95% confidence interval) of recognition against the 
reference group (in italic). §Values in the cells indicate the OR (95% confidence interval or CI) of recognition corresponding to one unit increase of the PAP level. 
OR: odds ratio, CI: confidence interval, COPD: chronic obstructive pulmonary disease, OSA: obstructive sleep apnea, ILD: interstitial lung disease, RA: right 
atrium, RV: right ventricle, PAP: pulmonary artery pressure
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RV size was increased (OR = 5.07 and 6.45, respectively) 
or RV function was impaired (OR = 8.86, P < 0.001) for all 
three findings. A total of 46 of the 53 (86.8%) patients with 
acknowledged PH had at least one of these characteristics. 
Among patients with RV dysfunction (n = 20), the median 
estimated sPAP was 61 mmHg. Some degree of DD occurred 
in more than half of the patients in each group but did not 
correlate with patterns of recognition.

Post-TTE evaluation
The type of ordering provider and what diagnostic action 
was taken are shown in Figure 1. Primary care providers 
(PCP) who ordered the TTE and recognized PH (41/53) 
made a subspecialty referral to either pulmonology (15/41), 
cardiology (5/41), or to both (2/41). One patient was 
referred directly by the PCP to RHC (1/41). No PCP decided 
on watchful waiting or follow up TTE. Eighteen patients 
(34%) were followed by a pulmonologist or cardiologist for 
a non-PH related disease and the subspecialist incidentally 
recognized the abnormal TTE whereas the PCP who ordered 
the test did not. A pulmonologist or a cardiologist ordered 
the TTE and recognized findings of PH in twelve patients. 
The median time between TTE performance and provider 
recognition was 17 days (range 0-933, mean 151 days). 
For studies not recognized within thirty days (n = 25), the 
median time to recognition was 219 days (range 43-933).

Twenty of the recognized patients’ TTE reports were evaluated 
by cardiologists, and seven (35%) were referred for RHC but 
only 43% (3/7) of the RHCs were performed. Pulmonologists 
evaluated thirty TTE reports and referred three (10%) to 
RHC. Of the remaining three patients, one was referred 
directly by the PCP and the other two were comanaged by a 
pulmonologist and cardiologist. The 13 patients who were 
referred for RHC had a median sPAP of 59 mmHg.

Among the five patients who had an RHC, one had an 
elevated mean PAP of 50 mmHg with a pulmonary capillary 
wedge pressure (PCWP) of 25 mmHg attributed to left heart 
failure and one had PAH, mean PAP 51 mmHg, attributed to 
pulmonary vascular disease associated with his known HIV. 
The other three patients had a normal mean PAP.

The all-cause, 12-month mortality rate was 11.3% 
(7/53) for recognized patients and 25.3% (44/174) for 
unrecognized patients (P = 0.03) (Fig. 2). Mortality rates 
at the end of 24 months were 22.6% (12/53) and 33.3% 
(58/174) for recognized and unrecognized patients, 
respectively, (P = 0.17).

DISCUSSION

Recent insights into the pathophysiology of PAH have led 
to the development of effective therapies that improve 

survival and quality of life (QoL).[3] Before treatment can 
be initiated, PAH must be recognized and diagnosed. The 
most common clinical symptoms of PAH—breathlessness, 
fatigue, syncope, and chest discomfort—are nonspecific and 
are often attributed to other disorders. PAH is frequently 
associated with other pulmonary and cardiac diseases that 
may further confound its identification. RHC is necessary 
to confirm the presence of PAH, but TTE is frequently used 
as an initial, noninvasive screening study. In our review of 
3,960 TTE reports, 5.7% demonstrated findings suggesting 
PH. However, PH was recognized in only 23.4% of these 
cases and far fewer patients underwent RHC for definitive 
diagnosis. The mean time between TTE performance and 
PH recognition was 151 days. In a disease that can be rapidly 
progressive, earlier recognition and initiation of effective 
therapy may improve survival and QoL.

Under-recognition of disorders occurs frequently and 
is a common cause of medical errors. Investigations of 
myocardial infarction, pulmonary embolism, depression, 
and COPD suggest atypical manifestations, disease 
processes with overlapping symptoms, confounding 
comorbidities, and potentially inaccurate screening 
modalities contribute to disease under-recognition.[11-18] As 
with these other under-recognized disorders, there is no 
defining constellation of symptoms that clearly indicates 
the presence of PH.

In our cohort, dyspnea correlated with increased recognition 
of PH. Breathlessness is the most common presenting 
symptom in PAH.[19] Chest pain, edema, and syncope are 
manifestations of more advanced disease[6] but were 
not associated with increased recognition. Even though 
breathlessness is correlated with the recognition of PH, 
this symptom is not specific and may be caused by a myriad 
of other disorders. Additionally, providers recognized PH 
more frequently when either OSA or ILD was present, 
whereas comorbid COPD, DD, or valvular heart disease did 

Figure 2: Kaplan-Meier curve of all cause 12 month mortality in the recognized 
and unrecognized groups. 
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not affect PH recognition. These correlations may reflect 
the provider’s knowledge of symptoms and conditions 
associated with PH.

Unawareness of guidelines may also lead to disease 
under-recognition, as demonstrated by the chronic kidney 
disease (CKD) population.[20-23] Glomerular filtration rate 
(GFR) rather than creatinine level is recommended for 
the accurate diagnosis of CKD.[24] Providers face a bigger 
challenge when interpreting TTE reports because there 
are no widely accepted, evidence-based guidelines for 
the echocardiographic recognition of PH. Recently, the 
European Society of Cardiology and European Respiratory 
Society (ESC/ERS) released “arbitrary criteria” for 
echocardiographic evidence of PH.[25] Assuming RA 
pressures of 5 mmHg, an estimated sPAP ≤36 mmHg 
was classified as “PH unlikely;” an sPAP of 37-50 mmHg 
was classified as “PH possible;” and an sPAP of >50 
mmHg was classified as “PH likely.” This classification, in 
addition to previously published values for PA pressures 
in echocardiographically normal patients,[26] supports our 
use of 40 mmHg as the threshold value that should alert 
the provider of abnormally elevated pulmonary pressures.

Our findings suggest that clinicians are more likely to 
recognize PH when the estimated sPAP exceeds 50 mmHg, 
correlating with the ESC/ERS “PH likely” category. Although 
the median estimated sPAP was significantly higher in the 
recognized compared with the unrecognized cohort (50 vs 
46 mmHg, P = 0.005), this 4 mmHg difference may not be 
clinically significant and is likely within the range of error 
of the echocardiographic estimation of sPAP. Interestingly, 
the sPAP threshold of 40-50 mmHg is very similar to the 
conclusions of studies of patients with systemic sclerosis, 
which suggest that a TTE-estimated sPAP of 45-50 mmHg 
should trigger RHC.[27,28] In addition, we did find that the 
odds of PH recognition increased by 1.04 for every 1 mmHg 
rise in the estimated sPAP. Although our findings are 
concordant with the ECS/ERS classification, further clinical 
investigations are needed to establish evidence-based 
guidelines for TTE findings that should provoke further 
diagnostic evaluation. A decision analysis algorithm will 
need to account for patient age, gender, weight, and level 
of activity, all of which can influence expected PA pressures.

The National Health and Nutrition Examination Survey 
showed that reporting format is another important 
component of disease recognition.[22] Providers often use 
serum creatinine rather than GFR to assess renal function 
causing the underdiagnosis of CKD in older patients.[29] 
In our study, echocardiographic data were reported in a 
standardized computerized template, but the content of the 
report summary was at the discretion of the interpreting 
cardiologist and consequently contained variable details 
about right heart function and size. As clinicians review 

TTE reports, they may be reading the summary and missing 
important information that is embedded amidst the 
technical details of the TTE. Further, we observed no better 
recognition of PH by providers who specifically requested 
right heart data or estimation of PAP than by those who 
requested TTEs for other reasons. Thus, TTE findings of PH 
may be ignored or missed even by clinicians who suspect 
PH. The use of a standardized TTE summary that includes 
an evaluation of sPAP and right heart function might 
improve the acknowledgement of findings suggesting PH 
and increase the number of patients who undergo prompt 
further evaluation.

Once a provider recognized abnormal TTE findings 
suggesting PH, only one quarter of these patients were 
referred for further evaluation. Several reasons may 
explain this low referral rate. First, sPAP measured by TTE 
is an estimate of pressures measured by RHC.[6] Primary 
care providers may be reluctant to refer all patients with 
abnormal TTE findings to a specialist due to a perceived 
unacceptably high rate of discordance between TTE 
findings and RHC proven PH. Similarly, this imperfect 
correlation may dissuade specialists from ordering an RHC 
given the risk of procedural complications. Some providers 
may have attributed the elevated sPAP to concurrent 
disorders that might cause PH and decided not to pursue 
further evaluation. Finally, providers who are unsure 
of the next appropriate diagnostic step or who do not 
have relationships with PH specialists may forgo further 
evaluation.

Limitations
We conducted a single institution retrospective chart 
review. Our study population limits the application of our 
findings to the general population. The prevalence of PAH 
among our patients, though unknown, is likely less than 
the general population, given that most VAMC patients are 
male and PAH predominantly affects females. Additionally, 
these patients have a high prevalence of left heart disease, 
increasing the risk of associated post-capillary pulmonary 
hypertension. Although TTEs were performed and read in 
a standardized fashion, five cardiac sonographers and eight 
cardiologists were involved during the study period. We were 
unable to determine inter- and intra-observer variability as 
several sonographers and cardiologists no longer work at 
our institution. A standardized report template was used, 
but each report summary and the emphasis of abnormal 
results were variable. Although most veterans receive the 
majority of their medical care within the VHA, we were 
unable to account for recognition of elevated sPAP by non-
VA providers and, therefore, may have underestimated the 
actual acknowledgement rate. The majority of the patients 
were older men with significant comorbidities including 
OSA and COPD that may have influenced the results. Finally, 
the VHA utilizes a comprehensive EMR that incorporates all 
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medical tests including echocardiography reports; this level 
of access to medical information may increase the access to 
echocardiography reports and influence the recognition of 
findings suggesting PH.

Future directions
Guidelines to assist providers in the interpretation of 
echocardiographic evidence of PH including a predictive 
tool that incorporates comorbidities, symptoms, and 
clinical suspicion should be validated in a prospective 
trial. In addition, adherence to the guidelines for the 
echocardiographic reporting of abnormal right heart 
indices may improve provider recognition of PH.[30]
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