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Validation using training/testing dataset

N.non-missing

observations Percent RMSE MAE Rsquared
Training 25 69 4444 34273 28218 0.9602
Testing 11 30.5556 40723 3.59924 0.9433

Validation using training/testing dataset

N.non-missing

observations Percent RMSE MAE Rsquared
Training 22 61.1111 3.3814 28486 0.9207
Testing 14 38.8889 428082 3.9371 0.9705

10-Fold Cross Validation

« Warning : The number of parameters in model is greater than the number of samples in each fold.
The number of parameters in the model is 6

RMSE SD(RMSE) Rsquared SD(Rsquared)
41101 1.397 0.9447 0.0383
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Pulmonary Hypertension: A
Nomogram Based on CT Pulmonary
Angiographic Data for Prediction in
Patients without Pulmonary Embolism

Radiology

Purpose: To use cardiovascular data from computerized tomo-
graphic (CT) pulmonary angiography for facilitating the
wdentification of pulmonary hypertension (PH) in patients
without acute pulmonary embolism.

Materials and The mstitutional human research committee approved
Methods: this retrospective study; mformed consent was waived.
Patients without pulmonary embolism who underwent CT

pulmonary angiography and echocardiography within 24

hours of each other between December 2008 and October

2012 were retrospectively identified. The diameters of the
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CTPA studies consecutively performed for Patient Characteristics
suspected PE among inpatients between Characteristic Study Group (7 = 187) Test Group (7= 82)
December 2008 and Cctober 2012
(ri= 6438} Age )" B85+ 16.8 695 = 193
Male sex 73 (40.1) 26 (31.7)
Excluded: CTPA studies (besity 20(11.0) 29.7
v| lacking echocardiography Diabetes mellitus 42 (23.1) 23 {28.0)
within 24 hours (= G06E) Hypertension 102 (56.0) 50 (51.0)
_ Hyperlipidemia 73 (40.1) (3T
CTPA & echocardiography Chronic obstructive pumanary dissase 4524.7) ao
studies within 24 hours Asth a4 673
=370} ma 4.9 7.3
[ Other lung 13(7.1) 1012
, Smoker 78 (42.9) 24 {29.3)
Excluded: PE diagnosed on . ;
*| T CTPA studies {Qn _ 55) Congestive heart failure 37 (20.3) 19(23.2)
Chronic renal failure 18 {9.9) 7i8.5)
CTPA studies without PE Ischemic heart disease 45(24.7) 15(18.3)
diagnosis (n = 315) Cerebrovascular accident or transient ischemic attack 25(13.7) 7i8.5
Hoaspitalization within past 3 months 41 (22.5) 96 (31.7)
Excludad: PAP not determined Active "'f'"u'“""f 20(11.0) 12(14.6)
by echocardiography (n = 127}, e IREY L
CTPA studies technically Active deep venous thrombosis 527 ]
inadequate (n= 6) Past deep venous thrombeosis 7(3.8 5(6.1)
Reason for CT refermal
Final study group (= 182) Dyspnea 143 (78.6) 63 (76.5)
) _ Chest pain 27 (14.8) 9110
Figure 1: Howchart shows patient selection.
) Cough neg) 101.2)
CTPA = CT pulmonary angiography, PAP = PA Other 9(49) 9(11.0)

pressure.

Nota.—Unless otherwtse Indicated, ata are number of patients, with percentages In parenmeses.
* Datz are maans + standand daviaSon.
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CT Measurements according to Presence of Pulmonary Hypertension

Parameter Ml {n=182) PH (n =38} Mo PH {im = B4) Pyalue
Age () 75.0 (59.0-82.0y 79.0 (70.0-84.3) 66.0 (40.5-80.0) = 001
Male sex™ 73 (40.7) 7 (37.8) 36 (42.9) AB4
Reflux grade®

1 69 (37.9) 28 (28.6) 41 (48.8) 004
2 41 (22.5 18 (18.4) 23274
3 23128 16 (16.3) 7i8.3)
4 27 (14.8) 19(19.4) g(9.5
5 12 {6.6) 10(10.2) 2(2.4)
& 10{5.5) T(7.1) 336
Right ventricuar volume (cm3) 113 (91-147) 122 (34-161) 108 (B6—136) 027
Right ventricular short 43 (3548) 45 (40-51) 4001 (36—45) =001
diameter (mm)
Right atrial wolume ([cmd) 93 (Fa—120 110 (81139 79.0(70—101) =001
Left ventricular volume (cm?) 75 (55-39E) 72 (57-102) 77 (60-96) 829
Left wentricular short 44 4049) 44 (40-50) 44 (3548) 1594
diameter {mm)
Left atrial volume (cm) 87 (65113) 0a (75123 73 (58-04) = 001
Main PA diameter {mmj 29 (26-32) A (28-33) 27 (24-30) = 001
PA-to-aorta ratio 0.87 {0.79-0.97) 0.90 {D.81-0.99) 0.84 {0.76—0.95) 2
Right atrial fo left atrial 1.08 {0.92—1.29) 1.07 {D.90-1.34) 1.08 (0.95-1.28) 834
volume ratio
Right ventricular to left 1.08 {0.92—1.29) 1.67 (1.39-2.01) 1.48 (1.25-1.68) 001
ventricular volume ratio

Mata. —LUnless otherwiss Indicated, data ane medians, with Interquartle ranges In paranthasas.

* Diata are numiver of patlents, with parcentage In parentheses.
|

Table 2

20
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Table 3

The Distribution of Age and CT Measurements and Accuracy for Discrimination

Al PH No PH Area Under
Variable (n=182) {n= 98] {m=B4) PValue the Curve®

Age (v}
<67 64 (35) 1919 45 (54) =200 0.67 {0.59,0.75)
=67 118 (65) 79 (81) 39 (46)

Reflux grade
=3 110 (60 46 (47) B4 (76) <001 0.65 (0.57,0.77)
=3 72 (40) 52 (53) 2024)

Right ventricular volume (cm?)
=142 128(71) 59 (60) 70 (83) 00 0.62 {0.53, 0.70)
=142 53(29) 39 (40) 14(17)

Right ventricular short

diameter (mm)

=43 92 (51) 36 (37) 56 (67) <00 0.65 0.57,0.73)
=43 90 (49) 62 (63) 25 (33)

Right atrial volume (cm?)
<106 115(63) 43 (44) 72 (86) <2001 0.71 {0.63,0.79)
=106 67 (37) 55 (56) 12 (14)

Left atrial volume (cm?)
=T 59 (32) 1919 40 (48) <00 0.70 {0.62,0.77)
72-108 69(8) 37 (38) 32 (38)
=108 54 (30) 47 (43) 12 (14)

Main PA diameter (mm)
=28 75 (41) 22 (22) 53 (63) < )00 0.71 {0.63,0.79)
=28 107 (59) 76 (78) 330

PA-to-aorta ratio
=0.86 4 (46) 33 (34) 51 (61} < 0 0.64 {0.56,0.72)
=0.86 93 (54) 65 (66) 33 (39)

Note —Uniess atherwiss Indicaled, cata are numider of patients, with parcentage in parentheses.

* Dafa in parenthesss are 95% confidence Intervals (CIS).

clated with PH. The probability of hav-
ing PH could be calculated by using the
following equation:

PPH = 1/(1 + e7),

where PPH is the probability of having
PH, e 1s 2.718, and

z=—2.556 + 1.495 - A + 0.926 -
PA + 0.776 - PA/AO + 0.968 -
RF +1.278 - RA,

where A is the value for patient age
(age 2 67: A = 1; age < 67: A =0),
PA 15 the pulmonary artery diameter
value {(diameter = 28 mm: PA = 1; di-
ameter < 28: PA = 0 ), PAJAOD 1s the
ratio of the PA diameter to that of the
aorta (ratio = 0.86: PA/AO = 1; ratio
< 0L86: PA/AO = 0), RF iz the reflux
value (reflux = 3: RF=1; reflux < 3: RF
= 0], and RA 1s the right atrial volume
value (right atrial volume 2 106: RA =

1: right atrial volume < 106, RA = 0).

I& Rex Soft

P = .285). Receiver operating charac-
teristic analysis allowed identification
that a threshold value of (.4 provided
sensitivity of 90%. Cross-validation
(10-fold) showed sensitivity of 85.7%,
spectficity of 60.7%, positive predic-
tive value of 71.3%, nepative predic-
tive value of 76.1%, and accuracy of
73.1%, which were sufficient for use of
this model as a screening tool for PH
in patients who undergo CT pulmonary
angiography. Figure 3 illustrates the
distribution of probabilities produced
with the model for the presence of PH
i patients with and without evidence
of PH at echocardiography.

21
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Figure 2: Momogram shows logistic model for prediction of PH. Each CT-derived measurement has comresponding value (points) that appear
in upper toolbar (e, right atrial /4] volume = 106 = 86 points (green line), reflux grade == 3 = 65 points (blue ling), PA diameter = 28 mm =
62 points (purple ling), and PA-to-aorta ratio = 0.86 = 52 points (yellow ling), in addition to patient's age (> &7 = 100 points, red ling). Sum-
marized total was applied on bottom scale to obiain probability of PH. Any probability greater than 0.4 wass compatible with PH. A0 = aorta.
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Figure 4: Momogram for a 30-year-old woman with negative results for PE and PA systolic pressure reading of 62 mm Hg at echocardion-
raphy. Adding the comesponding points of the parameters {age, 30 yvears = 0 points; right atrial /A4] volume, 150 mL = 86 points [green ling];
reflux grade, 4 = 65 points [blue ling]; PA diameter, 27.8 mm = 0 points; PA to aorta (407 ratio, 0.87 = 52 points [yellow line]) yields a total of
203 points. According to nomogram, her probability of having PH is 0.61. Because probability of greater than 0.4 was defined as being compat-
ible with PH, nomogram allowed comect prediction of presence of increased PA pressure.
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