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Introduction: Right ventricular dysfunction (RVD) is a key component in the process of risk stratification in patients with 
acute pulmonary embolism (PE). Echocardiography remains the gold standard for RVD assessment, however, measures 
of RVD may be seen on CTPA imaging, including increased pulmonary artery diameter (PAD). The aim of our study 
was to evaluate the association between PAD and echocardiographic parameters of RVD in patients with acute PE.  
Methods: Retrospective analysis of patients diagnosed with acute PE was conducted at large academic center with an 
established pulmonary embolism response team (PERT). Patients with available clinical, imaging, and echocardiographic 
data were included. PAD was compared to echocardiographic markers of RVD. Statistical analysis was performed using 
the Student’s t test, Chi‑square test, or one‑way analysis of variance (ANOVA); P < 0.05 was considered statistically 
significant. Results: 270 patients with acute PE were identified. Patients with a PAD >30 mm measured on CTPA had 
higher rates of RV dilation (73.1% vs 48.7%, P < 0.005), RV systolic dysfunction (65.4% vs 43.7%, P < 0.005), and 
RVSP >30 mmHg (90.2% vs 68%, P = 0.004), but not TAPSE ≤1.6 cm (39.1% vs 26.1%, P = 0.086). A weak increasing 
linear relationship between PAD and RVSP was noted (r = 0.379, P = 0.001). Conclusions: Increased PAD in patients 
with acute PE was significantly associated with echocardiographic markers of RVD. Increased PAD on CTPA in acute 
PE can serve as a rapid prognostic tool and assist with PE risk stratification at the time of diagnosis, allowing rapid 
mobilization of a PERT team and appropriate resource utilization.
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INTRODUCTION

Acute pulmonary embolism (PE) is a common cause of 
morbidity and mortality, resulting in an estimated 12.3 
deaths per 100,000 people annually in the United States.[1] 
The incidence of acute venous thromboembolism (VTE) 
overall is estimated at 1-2 per 1000 people in the United 
States,[2,3] with an incidence of PE of 121 per 100,000 
people annually.[4]

Assessment of right ventricular dysfunction (RVD) 
is a key component of risk stratification in acute 
PE.[5,6] RVD refers to a state of filling or contraction 
abnormality without reference to signs or symptoms 
or right heart failure.[7] The development of RVD due 
to acute PE is likely multi-factorial, due to direct 
mechanical obstruction from clot burden and release of 
vasoactive mediators (such as thromboxane A2) leading 
to an increase in pulmonary vascular resistance.[8] The 
presence of RVD has been associated with increased short 
term mortality in clinically stable patients,[9] and may be 
associated with higher rates of chronic thromboembolic 
disease.[10,11]

Transthoracic echocardiogram (TTE) remains the gold 
standard to evaluate RV size and function, however, it 
may not always readily available and requires skilled 
image acquisition and interpretation. Even when 
available, obtaining high quality imaging in certain 
circumstances such as critically ill patients[12] and 
obese patients[13] can be challenging. Echocardiographic 
assessment of RVD in the setting of acute PE includes 
measures of RV size and function, and estimation of 
right heart pressures using the simplified Bernoulli 
equation,[14] CT Pulmonary Angiography (CTPA) is the 
imaging modality of choice for evaluating patients with 
acute PE,[5] and can also provide valuable information 
on RVD.

The most widely used CT measure of RVD is an elevated 
RV/LV ratio, which has been associated with increased 
in a 5-fold increase in PE related mortality,[15] and has 
shown good agreement with echocardiographic measures 
of RVD.[16] However, RV/LV measurement should ideally 
be used measured using reformatted 4-chamber views to 
compensate for the cardiac axis relative to the patient, 
which may be cumbersome. Increased PAD on CTPA is 
a simple measurement which has been well described in 
detecting pulmonary hypertension.[17,18] Increased PAD 
has been associated with increased short-term adverse 
outcomes in acute PE;[19] however, the association between 
echocardiographic measures of RVD, PE risk stratification, 
and PAD is less well described.[20-23]

In this study, our aim was to evaluate if increased 
PAD diameter measured on CTPA is associated with 
echocardiographic parameters of RVD in patients 
presenting with an acute PE. We also aimed to assess 

for inter-reader correlation between radiologists and 
non-radiologists to establish utility by non-radiologists, 
and to compare performance of PAD compared to RV/LV 
ratio on CT imaging to detect echocardiographic RVD.

METHODS

We retrospectively reviewed 366 consecutive 
patients with acute PE collected from September 
2017 to June 2019 in the Temple University Hospital 
Pulmonary Embolism Response Team (PERT) registry 
(approved review board protocol 26021). Patients with 
available clinical, imaging and echocardiographic data 
were included. The PAD measurement was obtained 
from official radiology reports (measured by a radiologist) 
if available or measured by 2 non-radiologist readers 
after formal instruction and acceptable inter-reader 
agreement demonstration. Sectra PACS workstation IDS7 
V19.3 imaging software was used for PAD measurement 
by both radiologists and non-radiologists. The PAD 
was measured in cross sectional view at the level of 
continuity with the right main PA [Figure 1]. Increased 
PAD was defined as a PAD >30 mm. The following 
echocardiographic parameters of RVD were collected from 
formal echocardiography reports: RV dilation (graded as 
present or not present), RV systolic dysfunction (graded 
as present or not present), RV systolic pressure (RVSP), 
and tricuspid annular plane systolic excursion (TAPSE). 
Elevated RVSP was defined as >30 mmHg. Reduced 
TAPSE was defined as ≤1.6 cm. Statistical analysis 
was performed using the Student’s t test, Chi-square 
test or one-way analysis of variance (ANOVA). Pearson 
correlation coefficient (PCC) and paired t test statistical 
analysis was used to measure inter-reader agreement 
between radiologist and non-radiologists for the PA 
diameter measurements. P value <0.05 was considered 
to be statistically significant. It was not appropriate or 
possible to involve patients or the public in the design, 
or conduct, or reporting, or dissemination plans of our 
research due to the retrospective nature of the study.

Figure 1: PA diameter measurement on CTPA
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RESULTS

366 patients with an acute PE were initially evaluated 
within the study period. Of those, 270 patients had a 
PE diagnosed by CTPA who also had echocardiograms 
available for full analysis.

Using a sample of the overall cohort (n = 18), two thoracic 
radiologists (MK and CD) were assessed for inter-reader 
agreement of PAD measurement and compared to two 
pulmonologist readers (RA and PR). Inter-reader agreement 
between the two chest radiologists (Pearson correlation 
coefficient 0.89, P < 0.05) and between the readers and the 
radiologists was excellent (Pearson correlation coefficient 
0.79–0.88, P < 0.05).

Patient demographics, comorbidities, treatment, and 
outcomes are listed in Table 1. Patients were divided into 
two groups: patients with increased PAD (n = 110) and 
those without (n = 160). Patients in the increased PAD 
group had a significantly higher BMI (p = 0.001), and 
a lower mean SpO2 on presentation (93.4% vs 88.8%, 
P = 0.001).

Patients with increased PAD also received reperfusion 
therapies in addition to anticoagulation (including catheter 
directed therapy, systemic thrombolysis, mechanical 
thrombectomy, or surgical thrombectomy) more often 
when compared to patients without PA enlargement 
(20% vs 36.7%, P = 0.004). There was no difference in 
mean length of stay (9.5 vs 10.7 days, P = 0.661). There 
was a trend toward increased mortality but did not reach 
statistical significance (4% vs 9%, P = 0.14).

Table 1: Demographics
PAD ≤30 mm (n=160) PAD >30 mm (n=110) P

Mean	PA	diameter,	mm	(SD) 26.5	(±	2.7) 34.1	(±3.2)
Age,	years	(range) 57.3	(18.4‑99.2) 60.6	(22.4‑91.6) 0.134
Gender	n	(%)
Male
Female

89	(55.6)
71	(44.4)

50	(45.5)
60	(54.5)

0.100

BMI	(range) 32.0	(17.5‑64.02) 35.0	(19.5‑55.0) 0.001
Comorbidities
Hypothyroidism,	n	(%) 16	(10) 6	(5) 0.180
Prior	DVT,	n	(%) 31	(19) 30	(27) 0.127
Prior	PE,	n	(%) 32	(20) 20	(18) 0.736
Prior	malignancy,	n	(%) 34	(21) 12	(11) 0.026
Diabetes	Mellitus,	n	(%) 35	(22) 31	(28) 0.236
COPD,	n	(%) 24	(15) 17	(16) 0.894
Recent	surgery,	n	(%) 28	(18) 12	(11) 0.134
Anticoagulation	prior	to	admission,	n	(%) 22	(14) 12	(11) 0.489
Previous	IVC	filter,	n	(%) 3	(2) 7	(6) 0.055
CKD,	n	(%) 10	(6) 6	(5) 0.786
ESRD,	n	(%) 3	(2) 5	(5) 0.207
SPO2	on	admission,	%	(range) 93.4	(80‑100) 88.8	(70‑100) 0.001
Initial	BNP,	pg/ml 260.4 558.7 0.07
Initial	Troponin	I,	ng/ml 0.192 0.201 0.85

Treatment,	n	(%)
No	AC
AC	only
Reperfusion	therapies

4	(2.5)
124	(77.5)
32	(20)

0	(0)
70	(63.6)
40	(36.4)

0.004

Inpatient	Mortality,	n	(%) 7	(4.3) 10	(9) 0.14

Patients were risk stratified according to European Society 
of Cardiology (ESC) guidelines as low risk, intermediate-low 
risk, intermediate-high risk, and high risk for early death.[5] 
Increased PAD was associated with an increased incidence 
of intermediate-high and high risk PE compared to those 
without (9% vs 6% and 40% vs 26%, respectively) [Figure 2].

The median time interval between CTPA and formal 
echocardiogram reporting was 17 hours. Values for 
RVSP were available in 46.6% (n = 126) and TAPSE 
in 57.7% (n = 156) of echocardiograms. Patients 

Figure 2: Risk of early (in‑hospital or 30 day) death as per ESC 
guideline classification
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with a PAD >30 mm measured on CTPA had higher 
rates of RV dilation (73.1% vs 48.7%, P < 0.005), RV 
systolic dysfunction (65.4% vs 43.7%, P < 0.005), and 
RVSP >30 mmHg (90.2% vs 68%, P = 0.004), but not 
TAPSE <1.6 cm (39.1% vs 26.1%, P = 0.086) [Table 2].

A weak increasing linear relationship between PAD and 
RVSP was noted (r = 0.379, P = 0.001), but no relationship 
with TAPSE was found (r = 0.056, P = 0.49) [Figure 3].

A subset of patients for whom RV/LV ratio (n = 250) was 
available were studied for performance of RV/LV ratio to 
predict echocardiographic parameters of RVD. Receiver 
operator curves (ROC) were used to assess for predictive 
value of RV/LV ratio and PAD [Table 3, Figure 4]. PAD 
appeared to have a similar predictive value to RV/LV ratio 
to identify patients with echocardiographic RVD.

DISCUSSION

Our study demonstrated a strong association between 
increased PAD >30 mm on CTPA with echocardiographic 
markers of RVD; RV dilation, RV systolic dysfunction 
and RVSP >30 mmHg in the setting of acute PE. We also 
found a weak increasing linear relationship between 
increasing PAD and RVSP. Additionally, we established 
excellent inter-reader agreement among radiologists and 
pulmonologists for PAD measurement. We found that 
increased PAD was associated with higher incidence of 
intermediate-high and high risk PE. Increased PAD was 
associated with increased hypoxia on presentation and 
higher rates of reperfusion interventions. PAD appeared to 
have a similar predictive value to RV/LV ratio to identify 
patients with echocardiographic RVD.

Our cohort is the largest to assess the relationship 
between PAD and echocardiographic RVD in the context 
of acute PE to our knowledge [N = 80,[23] N = 118,[20] 
N = 113,[21] N = 190[22]]. The association between PAD 
and echocardiographic findings of RVD has previously 
been investigated with mixed results;[20-23] however, the 
definition of RVD used varies widely. Previous studies 

have defined RVD as a composite of RV hypokinesis, septal 
wall paradoxical movement, RV dilation, an increased 
RV-LV diameter ratio (>0.9), increased velocity of the jet 
of tricuspid regurgitation and decreased TAPSE in variable 
combinations.[20,21,23] PASP >50 mmHg has also been 
studied without an association with mean PAD;[22] however, 
this measurement is limited by the presence or absence 
of a tricuspid regurgitant jet. Given a lack of standardized 
definition of RVD, our study aimed to use commonly 
reported parameters of RVD, and studied each parameter 
separately to increase utility in the event that a particular 
echocardiographic measurement could not be obtained.

Our study highlighted the ease and reliability of PAD 
measurement by non-radiology trained physicians. 
Previous studies have variably used radiologist only[23] and 
both radiologist and pulmonologist readers,[20] however, 
have not assessed for inter-reader agreement. High levels of 
inter-reader agreement further increases the utility of PAD 
as a rapid screening tool in real-world practice. While other 
CT measures of RVD using PAD have been studied, chiefly 
RV/LV ratio,[15] but also including PA to aortic diameter 
ratio[21,22] and clot burden,[24,25] PAD measurement is the 
most feasible and clinically reproducible, and does not 
require reformatting imaging for accurate measurements. 
As computer aided detection software continues to 
develop,[26-28] there may be a role for automated PAD 
reporting in the future.

Figure 3: Correlation between the PA diameter and the right ventricular systolic pressure and TAPSE

Table 2: Echocardiographic parameters
PAD ≤30 PAD >30 P

RV	Dilation,	n	(%) 78	(48.7) 79	(73.1) <0.005
RV	systolic	dysfunction,	n	(%) 70	(43.7) 72	(65.4) <0.005
RVSP	>30	mmHg,	n	(%) 51/75	(68) 46/51	(90.2) 0.004
TAPSE	≤1.6	cm,	n	(%) 24/92	(26.1) 25/64	(39.1) 0.086

Table 3: ROC
RV/LV >0.9 AUC PAD ≥30 AUC

RV	Dilation 0.6473 0.6388
RV	systolic	dysfunction 0.6451 0.6346
RVSP	>30	mmHg 0.6398 0.6275
TAPSE	≤1.6	cm 0.5349 0.5176
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The clinical utility of PAD is not to replace formal 
echocardiography, but to alert clinicians for potential 
RVD at time of the PE diagnosis. An increased 
PAD >30 mm could prompt early assessment and risk 
stratification by a multidisciplinary PERT team and may 
serve as a trigger for echocardiogram. An average delay 

of 17 hours between CTPA and formal echocardiography 
in our cohort further highlights the utility of PAD 
measurement to bridge this gap. Previous data in patients 
with acute PE identified an average delay of 21 hours 
before formal echocardiography could be obtained, in 
line without findings.[29]

There were several limitations to our study. This was a 
single center, retrospective review. There was a mean 
delay of 17 hours between echocardiography and 
CTPA. Our study demonstrated a positive association 
between mean PAD and RV systolic function, size and 
RVSP, but not with TAPSE. TAPSE has been shown to 
correlate well with other echocardiographic markers 
of RVD in the setting of acute PE.[30] Previous studies 
of PAD in acute PE did not study or did not establish 
a relationship with reduced TAPSE.[20-23] As TAPSE 
could only be measured in 57.7% of echocardiograms 
obtained, it is likely our study was underpowered to 
find a significant difference. We did not assess for 
pre-existing chronic PH or RVD. Echocardiography data 
was obtained from formal echocardiogram reports but 
were not re-interpreted for the purpose of our study. 
A cut off of >30 mm (dichotomous cut off) was chosen 
due to ease of recall but remains broadly in line with 
other data.[20,22] CTPA were not ECG gated, thus PA 
pulsatility was not accounted for.

CONCLUSIONS

PAD correlates with echocardiographic measures of RVD 
in the setting of acute PE and may be able to identify 
intermediate and high risk PE patients at time of PE 
diagnosis. PAD measurement by non-radiologist physicians 
appears to be accurate.
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