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ABSTRACT: Although pulmonary thromboendarterectomy is an effective modality for
the treatment of chronic thromboembolic pulmonary hypertension (CTEPH), the
mortality in patients with severe haemodynamic disease is still high. Recently it was
reported that fractional pulse pressure (pulmonary arterial pulse pressure/mean
pulmonary arterial pressure) was higher in CTEPH than in primary pulmonary
hypertension (PPH). It was hypothesized that fractional pulse pressure might be low in
CTEPH with inaccessible distal thrombi and/or secondary pulmonary hypertensive
change, resulting to the high operative mortality.

To determine the influence of fractional pulse pressure to the outcome of surgery, 32
patients with CTEPH who had thromboendarterectomy between 1985 and 1998 were
studied. Pulmonary haemodynamics and fractional pulse pressure were compared
between survivors (n=26) and nonsurvivors (n=6) postoperatively. Those parameters in
PPH (n=18) and large vessel pulmonary arteritis (n=6) were also analysed.

Fractional pulse pressure in CTEPH (1.23%0.21) was significantly higher than
in PPH (0.93%£0.22; p=0.0017) and lower than in pulmonary arteritis (1.69%0.32;
p=0.03). Fractional pulse pressure in survivors (1.2610.21) was significantly higher
than in nonsurvivors (1.06%0.16; p=0.03). Fractional pulse pressure is a significant
predictor for mortality in patients with high pulmonary vascular resistance >1100
dynes-sec-cm™.

To conclude fractional pulse pressure in addition to pulmonary vascular resistance
might be useful in predicting for the outcome of surgery, especially in patients with
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Although pulmonary thromboendarterectomy is an
effective modality for the treatment of chronic throm-
boembolic pulmonary hypertension (CTEPH) [1-15],
the mortality in patients with high pulmonary vascular
resistance is still high [8, 9]. The inability to reduce
pulmonary vascular resistance is a major risk factor
associated with high mortality [4, 9].

Chronic pulmonary hypertension of any origin fre-
quently results in pathological change in the proximal
(elastic) and distal (resistive) pulmonary vasculature.
The obstruction or significant stenosis of large pulmo-
nary artery increased pulse pressure (systolic pressure-
diastolic pressure) as well as characteristic impedance,
and reduced wave reflection [16, 17]. GRANT et al. [16]
reported that the degree of the right ventricular
hypertrophy was dependent on the increase in pulse
pressure rather than the increase in mean pulmonary
arterial pressure [16, 18]. However, primary pulmonary
hypertension (PPH) and CTEPH generally induce
severe haemodynamic disturbances in accordance to
the increase of pulmonary vascular resistance or mean
pulmonary arterial pressure compared to unilateral
pulmonary arterial occlusion. Consideration of both

impedance (i.e. the opposition to the pulsatile compo-
nents of flow) and pulmonary vascular resistance (i.e.
the opposition to the mean components of flow) are
required to evaluate the right ventricular afterload, and
these two measurements among pulmonary hyperten-
sive diseases are thought to be different because of the
different location of involved lesions in pulmonary
arterial trees.

Recently it was reported that the pulsatility as the
ratio of pulse pressure to mean pressure (i.e. fractional
pulse pressure of the pulmonary artery: PPf) in CTEPH
was larger than in PPH, because of the difference of
involved pathology [19]. They hypothesized and explai-
ned their findings in the following way. In CTEPH,
thrombi obstruct the proximal arteries preferentially
(i.e. from the main pulmonary artery to segmental
arteries). Therefore, it is likely that the thrombi atta-
ched to the proximal arteries mechanically stiffen the
arterial wall and increase proximal resistance without
comparably increasing peripheral arterial resistance. In
contrast, PPH primarily involves peripheral segment of
pulmonary arterial trees. The vascular change in PPH
would increase peripheral arterial resistance. Increases
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in stiffness and resistance in the proximal arteries would
increase pulse pressure, whereas those in peripheral
arteries increase mean arterial pressure.

It is hypothesized that PPf might be low in CTEPH
with inaccessible distal thrombi and/or secondary
pulmonary hypertensive changes [20], resulting to the
high operative mortality.

In the present report, the influence of PPf on the
outcome of surgery in CTEPH was retrospecitvely
investigated, and the usefulness of PPf in the differential
diagnosis between CTEPH and other pulmonary
hypertensive diseases (PPH and large vessel pulmonary
arteritis with central pulmonary arterial stenosis
[21-25]) was reassessed.

Patients and methods

A total of 32 patients with CTEPH (22 females, 10
males; meantsp age 51113, range 22-73) were operated
on between April 1985 and March 1998 at Chiba
University Hospital. CTEPH was defined as mean pul-
monary arterial pressure (mean Ppa) >25 mmHg with
a mean pulmonary arterial wedge pressure <12 mmHg
in patients who had dyspnoea on exertion for a
duration of >6 months. In addition, lung perfusion
scans were required to show segmental or larger defect
concomitant with normal ventilation scan study. Fin-
ally, thromboembolic obstruction was confirmed by
pulmonary angiography [26].

The selection criteria for pulmonary thromboendar-
terectomy were slightly modified from those defined by
MoskRr et al. [3]. The criteria were as follows [9]: 1) mean
Ppa >30 mmHg, resulting in calculated pulmonary
vascular resistance (PVR) >300 dynes-sec-cm™ even
after oral anticoagulant therapy for >6 months; 2)
dyspnoea on exertion according to Fletcher and Hugh-
Jones classification (H-J) [27] >grade 3; 3) thrombi
defined as accessible to current surgical technique
(main, lobar, segmental arteries); 4) the absence of
severe associated disease.

During the same period, 18 patients were diagnosed
as PPH (13 females, five males; mean age 3711 yrs,
range 16-64), and six patients (five females, one male;
mean age 53%10 yrs, range 38-67) were diagnosed as
large vessel pulmonary arteritis with central pulmonary
arterial stenosis. PPH was defined as mean Ppa >25
mmHg with mean pulmonary wedge pressure <12
mmHg. Other possible aetiologies of pulmonary
hypertension, such as mitral valve diseases, congenital
heart failure, left ventricular failure, collagen vascular
disease, and portal hypertension were excluded. In
addition, lung perfusion scans were required to show
normal or small patchy perfusion defects without larger
than segmental defects concomitant with normal
ventilation scans. Six patients with large vessel pul-
monary arteritis were confirmed by pulmonary angio-
grams with the findings of central (main or lobar)
arterial stenosis. Of that group, three patients were
associated with Takayasu's arteritis with systemic
arterial involvement [23-25] and the remaining three
patients were thought to have idiopathic isolated pul-
monary arteritis without any systemic arterial involve-
ment [18, 19].

Measurement of haemodynamic variables

Haemodynamic variables were measured in supine
position while breathing room air. After venous access
was achieved via internal jugular vein, right-side heart
catheterization was performed using a fluid-filled
system that included a balloon-tipped, flow-directed
catheter (7.5 F Swan-Ganz catheter). Transducers were
positioned at the mid-axillary line and zeroed at
atmospheric pressure. The measurement of pulmonary
arterial pressure was performed in the pulmonary
arterial trunk proximal to stenotic lesions by thrombi or
vasculitis. Six waves including three waves at end-
expiration were recorded. A hard copy was made of the
pressure tracing using a chart recorder at a paper speed
of 50 mm-s™. Cardiac output (Q') was measured in
triplicate by the thermodilution technique. Cardiac
index (CI) was calculated as Q' divided by body surface
area. PVR was calculated conventionally as the ratio of
the difference between mean Ppa and pulmonary wedge
pressure to Q'.

Fractional pulse pressure

As shown in figure 1, the pulsatility as the ratio of
pulse pressure to mean Ppa (fractional pulse pressure:
PPf) was characterized according to those by NAKA-
YAMA et al. [19], while mean Ppa was calculated by the
integration from the pressure wave at a sampling rate of
250 points per second. Three waves at end-expiration
were used for calculating PPf.

Pulmonary thromboendarterectomy

In 16 cases, a lateral thoracotomy [9-14] to one lung
was used, which contained the dominant thrombus
judged by ventilation-perfusion scans and pulmonary

arteriogram.
‘.

r

Fig. 1. — Schematic representation of waveform. Fractional pulse
pressure (PPf) is calculated as PPf=pulse pressure/mean Ppa and
is indicated by the dashed vertical line. PPf is the ratio of pulse
pressure to mean pulmonary arterial pressure (-----) according to
NAKAYAMA et al. [19].
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In 16 cases, a median sternotomy with the use of deep
hypothermia and circulatory arrest [1-10] was used.
Although 14 patients were endarterectomized bilater-
ally, the remaining two patients were endarterectomized
unilaterally, because thrombi on the contralateral side
were located too distal [9, 15].

As for the period of time, 14 patients (three with
median sternotomy; 11 with lateral thoracotomy) were
operated on between 1986 and 1991, and 18 (thirteen
with median sternotomy; five with lateral thoracotomy)
were operated from 1992.

In all patients, inferior vena cava filters were placed
postoperatively unless a previous interruptive pro-
cedure had been done.

Analysis

PPf and cardiorespiratory variables were compar-
ed between CTEPH, PPH and pulmonary arteritis to
reassess the usefulness of this parameter for the
differential diagnosis of pulmonary hypertensive dis-
eases. In CTEPH who had pulmonary thrombo-
endarterectomy, PPf, other preoperative parameters,
and operative approach were compared between
survivors and nonsurvivors who died within 30 days
after surgery. In the limited patients with high PVR
(>1,100 dynes-sec:cm™), those parameters were also
compared between survivors and nonsurvivors. To
know whether PPf is a better predictor for mortality
than PVR or not, correlation coefficient between them
was calculated, and if it was not significant, both were
included in the multivariate logistic regression analysis
for operative mortality.

Statistical analysis

Values are presented as meanstsp. Comparisons of
three groups (CTEPH, PPH, pulmonary arteritis) were
performed by a nonparametric Kruskal-Wallis analysis

of variance with Sheffe's test for multiple comparisons.

Table 1. — Comparison of cardiorespiratory data

Comparisons between survivors and nonsurvivors were
made using a Mann-Whitney U-test and Chi-squared
test, as appropriate. A p<0.05 was taken as statistically
significant.

Results

The cardiorespiratory variables of three groups
are shown in table 1. The mean age in PPH was
younger than in CTEPH or pulmonary arteritis.
Arterial oxygen tension (Pa,0,) in CTEPH was lower
than in others, while arterial carbon dioxide tension
(Pa,c0O,) in CTEPH and PPH was lower than in
pulmonary arteritis. Mean and diastolic Ppa, and PVR
in CTEPH were lower than in PPH, while systolic Ppa,
and CI in CTEPH were similar to in PPH. Systolic,
mean, diastolic Ppa and PVR in pulmonary arteritis
were significantly lower than in others.

Illustrated in figure 2 are the examples of waveforms
and angiographic findings of pulmonary artery for
PPH, pulmonary arteritis, CTEPH (survivors, non-
survivors). The waveforms between PPH and pulmo-
nary arteritis were different, and PPf in PPH (0.59) was
lower than in pulmonary arteritis (1.72). The angio-
gram in pulmonary arteritis showed complete obstruc-
tion of the right main pulmonary artery and stenosis of
the left lower branch, while the angiogram in PPH
showed marked pruning of the distal vessels.

As shown in table 1 and figure 3, mean value of PPf
in CTEPH (1.23%£0.21) was significantly (p=0.017)
higher than in PPH (0.93£0.22) and significantly (p=
0.033) lower than in pulmonary arteritis (1.69+0.32).
The distribution of PPfs in CTEPH was wide and
overlapped with the distribution of PPfs in PPH.

In CTEPH who had pulmonary thromboendarter-
ectomy, 24 patients survived and their pulmonary
haemodynamics significantly improved (mean Ppa pre-
operative: 46.1+7.8; postoperative: 28.6+8.1 mmHg,
PVR preoperative: 8151270; postoperative: 3771165
dynes-sec:cm™). Six deaths (18.8%) occurred within 30
days after surgery. The mortality for surgery was 21.5%

%
Parameter CTEPH PPH Pulmonary arteritis p-value
1 2 3 1 versus 2 1 versus 3 2 versus 3
Subjects n 32 18 6
Age yrs 51x13 3711 5310 0.0014 0.92 0.03
Mean Ppa mmHg 46x9 5413 28%13 0.12 0.046 0.0015
Systolic Ppa mmHg 83+17 88120 60%35 NS
Diastolic Ppa mmHg 2716 39+12 11£5 0.0034 0.011 <0.0001
CI Lmin"m? 2.540.5 2.340.6 2.940.65 NS
PVR dynes-sec-cm™ 901318 1318%£597 438+371 0.058 0.06 <0.0001
PPf 1.2310.21 0.93+0.22 1.6910.32 0.0017 0.033 <0.0001
Pa0, kPa 7.7£1.2 10.3+2.2 10.7+1.2 0.0002 0.0033 0.83
torr 58+9 78+17 8019
Pa,co, kPa 4.6x0.5 4.6%0.5 5.2%0.3 0.96 0.012 0.011
torr 3414 3414 3912

Values are presented as meantsp. CTEPH: chronic thromboembolic pulmonary hypertension; PPH: primary pulmonary
hypertension; mean Ppa: mean pulmonary arterial pressure; systolic Ppa: systolic pulmonary arterial pressure; diastolic Ppa:
diastolic pulmonary arterial pressure; CI: cardiac index; PVR: pulmonary vascular resistance; PPf: fractional pulse pressure;
Pa,0,: arterial oxygen tension; Pa,CO,: arterial carbon dioxide tension. *: Kruskal-Wallis analysis of variance with Sheffe's test

for multiple comparison.
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Fig. 2. — The examples of waveforms and angiographic findings. a) Prlmary pulmonary hypertension: mean pulmonary arterial pressure

(Ppa)=74 mmHg, pulmonary vascular resistance (PVR)=2460 dynes-sec-cm™
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fractional pulse pressure (PPf)=0.59. Marked pruning of

the distal vessels was noted whlle the perfusion scan showed small pdtchy perfusion defects. b) Pulmonary arteritis: mean Ppa=44
mmHg, PVR=433 dynes-sec-em™, PPf=1.72. Complete obstruction of the right main pulmonary artery and stenosis of the left lower
branch was observed. c) chronic ‘thromboembolic pulmonary hypertension (CTEPH) (survivor): mean Ppa=50 mmHg, PVR=918 dynes:
sec-cm™ PPf 1.42. The proximal sites of thrombi were in lobar arteries. d) CTEPH (nonsurvivors): mean Ppa=44 mmHg, PVR=953
dynes- sec cm™, PPf=0.77. The thrombi were mostly located in segmental or subsegmental arteries.

(3/14) between 1985 and 1991, and 16.7% (3/18) from
1992. The mortality of lateral thoracotomy was 12.5%,
and that of median sternotomy was 25% (table 2), but
preoperative mean Ppa was slightly (p=0.06) higher in
median sternotomy (508 mmHg) than that in lateral
thoracotomy (4517). Five patients died of right heart
failure postoperatively, because we could not endarter-
ectomize distal, enough to achieve improvement of
pulmonary haemodynamics. One patient died of car-
diac tamponade one week after surgery.

As shown in table 2, mean right atrial pressure (mean
Pra), diastolic Ppa, CI, PVR in nonsurvivors were
significantly worse than in survivors. In the survivor in
which proximal sites of thrombi were located in lobar
arteries, waveform was similar to pulmonary arteritis,
and PPf was high (fig. 2c), while in the nonsurvivor in
which most thrombi were located in segmental or
subsegmental arteries, waveform was similar to PPH,
and PPf was low (fig. 2d). The PPf in survivors (1.26%
0.21) was significantly (p=0.03) higher than in non-
survivors (1.06£0.16).

Figure 4 plots PVR versus PPf referring to the
outcome of surgery. According to the PVR (1100
dynes-sec:em™) which was previously reported to be
one of predictable risk factors [8], 32 patients were

divided into two groups. In patients with a high PVR
(> 1100 dynes-sec-cm™) (n=7), the mortality was 57.1%,
compared to 8.0% 1n those (n= 25) with a low PVR
(<1100 dynes-sec-cm™). All nonsurvivors had PPf <1.2.
PPf was not correlated with PVR (r=-0.04, Ns), and
both were included in the multivariate logistic regres-
sion for the analysis of mortality. Table 3 shows the
results of multivariate logistic regression analysis. PVR
was a significant predictor (p=0.017), while PPf was
marginally significant (p=0.05).

In the hmlted patlents with a high PVR (>1100
dynes'sec:cm™) the various predlctors for mortality
between survivors and nonsurvivors were also com-
pared. PPf in nonsurvivors (1.11+0.09) was significantly
(p=0.03) lower than in survivors (1.41%+0.12). Other
predictors (Pra, diastolic Ppa, CI, PVR) did not reach
significance (p=0.72, 0.16, 0.16, 0.48, respectively).

Discussion

This study shows that: 1) PPf in CTEPH was
significantly higher than that in PPH and significantly
lower than that in pulmonary arteritis with central
arterial stenosis, but the distribution of PPfs in CTEPH
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Fig. 3. — Comparison of fractional pulse pressure (PPf) between
primary pulmonary hypertension (PPH; n=18), chronic thrombo-
embolic pulmonary hypertension (CTEPH; n=32), pulmonary
arteritis. *: p=0.0017, **: p=0.033, ***: p<0.00001: Kruskal-
Wallis analysis of variance with Sheffe's test for multiple compa-
rison. Open circles: mean values; bars:*sp.

was wide and overlapped with PPfs in PPH. 2) PPf
influenced the operative mortality and low PPf was a
useful predictor for the poor outcome of surgery in
patients with a high PVR >1100 dynes-sec-cm™.

The operative mortality associated with pulmonary
thromboendarterectomy has markedly decreased at
University California at San Diego [5]. The mortality in
other institutions, however, was still high (16-23%)
[7-12, 15]. Severe haemodynamic disorder (PVR >1100
dynes-sec:cm™) predicted the high operative mortality
at both Illinois study [8] and the present study. The
most important cause of mortality for pulmonary
thromboendarterectomy is inability to reduce pulmo-
nary arterial pressure as a result of distal disease that
proves inaccessible, and/or secondary pulmonary hy-
pertensive change [4, 9]. Recently it was reported that
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Fig. 4. — The outcome of surgery for chronic thromboembolic
pulmonary hypertension (CTEPH) (pulmonary vascular resis-
tance) versus fractional pulse pressure (PPf)). Mortality rate was
18.8%. In patient (n=7) with a high PVR (>1100 dynes-sec-cm™),
the mortality was 57.1%, compared to 8.0% in those (n=25) with
a low PVR (<1100 dynes:sec.cm™). All nonsurvivors had a low
PPf (<1.2). PPf was not correlated with PVR (n=32, r= -0.04). e
: survivors (n=26); M : nonsurvivors (n=6).

the pulsatility as the ratio of pulse pressure to mean
pressure (PPf) in CTEPH was larger than in PPH due to
the difference of primary involved lesions [19]. The
present authors reassessed their data and hypothesized
that PPf might be low in CTEPH with inaccessible
distal thrombi and/or secondary pulmonary hyperten-
sive change. Although the difference of PPf was found
among various pulmonary hypertensive diseases, the
most significant findings were that PPfs were widely
distributed in CTEPH. PPf in addition to PVR was
useful in predicting operative mortality, especially in
patients with severe haemodynamic impairment. Sev-
eral issues need to be considered in the interpretation of
these results.

Firstly, larger PPf was shown in CTEPH compared
to PPH. This is partly consistent with the results of

Table 2. — Comparison of preoperative parameters between survivors and nonsurvivors

Parameters Survivors Nonsurvivors p-value*
Subjects n 26 6

Age yrs 52+13 48+18 0.66
Mean Psa mmHg 91+10 94+12 0.40
Duration of symptoms months 27£20 31432 0.75
Mean Pra mmHg 3£3 7%3 0.013
Mean Ppa mmHg 458 51£10 0.13
Systolic Ppa mmHg 82+17 8718 0.51
Diastolic Ppa mmHg 25%5 33+6 0.014
CI L'min""'m™ 2.6%0.5 1.9+0.4 0.003
PVR dynes-sec:cm™ 8211266 1224+337 0.016
PPf 1.260.21 1.0610.16 0.03
Pa,0, kPa 7.5£1.0 8.5%1.6 0.19
torr 5748 64£12

Operative approach (median : lateral) 12:14 4:2 0.37

Values are presented as meantsp. Duration of symptoms: duration of symptoms between onset and operation; mean Psa:
mean systemic arterial pressure; mean Pra: mean right atrial pressure; Ppa: pulmonary arterial pressure; CI: cardiac index;
PVR: pulmonary vascular resistance; PPf: fractional pulse pressure; Pa0,: arterial oxygen tension; median: median

sternotomy; lateral: lateral thoracotomy. *: Mann-Whitney U-test and Chi-squared test, appropriate.
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Table 3. — Multivariate logistic regression analysis
Mortality (n=7)

Variables Coefficient p-value
PVR 0.007 0.017
PPf -11.242 0.052
Constant 4.7746

PVR: pulmonary vascular resistance; PPf: fractional pulse
pressure.

NAKAYAMA et al. [19]. However, a clear distinction
could not be shown between CTEPH and PPH by PPf,
because the present data were widely distributed, in
contrast to the data of Nakavyama et al. [19]. Both
studies hypothesized that CTEPH should have stiffness
or high resistance in proximal arteries, whereas PPH
should have high resistance in peripheral arteries, and
these differences in the primary lesions would make
arterial pulse pressure relative to mean arterial pressure
larger in CTEPH than in PPH. However CTEPH could
have secondary hypertensive change in the peripheral
artery and/or distal thrombi. The present study might
have included more distal diseases, because mean PPf
in CTEPH in this study is significantly lower than in
NAKAYAMA et al. [19] (1.23%£0.21 and 1.41£0.20 res-
pectively, p=0.0003, unpaired t-test).

Secondly, only PPf was used to analyse pulsatile
components of right ventricular afterload. Recently
CASTELAIN et al. [28] reported that CTEPH and PPH
had similar PPf using high fidelity pressure catheter.
They also quantified wave reflection [16, 28-33] by
measuring ti, i.e. the time between pressure upstroke
and systolic inflection point (Pi); AP, ie. systolic Ppa
minus Pi; and augmentation index (AP/pulse pressure)
[30] which quantifies the extent of wave reflection. They
showed that CTEPH had shorter ¢ and higher AP/pulse
pressure, and suggested that CTEPH had increased
and anticipated wave reflection compared to PPH. The
difference between two studies might arise from the
difference of measurements. High-fidelity pressure cat-
heter was not used and the wave reflection was not
quantified. Although it is agreed that wave reflection is
different between CTEPH and PPH, CASTELAIN ef al.
[28] used small number of patients (PPH n=7, CTEPH
n=7) and, mean PPf (0.97) in CTEPH was larger than
PPH (0.89) in their report. In large series, PPf in
CTEPH could be significantly larger than PPH,
although CTEPH could not be differentiated from
PPH by only PPf.

Stiffening of the proximal arteries by the thrombi
and arteritis could increase characteristic impedance of
the pulmonary artery. Several investigators have attri-
buted the increase of pulse pressure to the decreased
arterial compliance and increased characteristic impe-
dance in systemic arteries [32-37]. Similarly GRANT and
coworkers [16, 17] showed that stiffening of the pul-
monary artery increased pulse pressure. It is unlikely
that the reflection wave is related to increased pulse
pressure in pulmonary arteritis, because in their other
experiment the ensnarement of pulmonary artery in-
creased pulse pressure and characteristic impedance,
but had little effect on wave reflection [16, 18]. Both

increased characteristic impedance and early and incre-
ased reflection wave could accentuate pulse pressure
and PPf in CTEPH.

Thirdly, low PPf was shown as the possible pre-
operative risk factor for pulmonary thromboendarter-
ectomy in patients with a high PVR. HaRrTZ et al. [§]
reported that the patients with high PVR >1100
dynes'secem™ have a high likelihood of operative
mortality, and perhaps should not undergo pulmonary
thromboendarterectomy except at limited institutions
where the operations are performed frequently. It
was shown that PVR is more useful in predicting the
operative mortality than PPf. However, thromboen-
darterectomy has been performed even in high risk
patients, because the mortality of lung transplanta-
tion for pulmonary hypertension is still high [15, 3§],
and furthermore it has not been performed in Japan.
More precise operative criteria in infrequently perfor-
med institutions are needed. It is important to
accurately evaluate distal thrombi and secondary
pulmonary hypertensive change. Nevertheless, it is
difficult to make a precise diagnosis by angiography
and even by angioscopy [6, 39]. The assessment of PPf
as well as angiogram could be helpful to decide the
accessibility to thrombi. This study suggests that in the
patient with only a few thrombi and high PVR, low PPf
might be related to secondary pulmonary hypertensive
change and/or distal thrombi, resulting in high
operative mortality.

Finally, the most important limitation in this study is
that a fluid-filled system was used to record pulmonary
arterial pressure. As recorded pressures, the catheter
was fluoroscopically placed to minimize catheter whip
to keep that artifact at minimum. If a high fidelity
pressure transducer could have been used, the recorded
pressure waveform would have been more accurate.
However, the authors think the fluid-filled system is
simpler and easier to use than high fidelity pressure
system. Considering PPf in addition to pulmonary
vascular resistance and angiograms gives important
and useful information for clinical differential diagno-
sis of pulmonary hypertensive diseases.

It has been reported that pulmonary artery impe-
dance and pulsatile properties must be taken into
consideration to understand right ventricular-pulmo-
nary artery coupling [16, 33]. The data are limited in
fractional pulse pressure, but more precise assessment
of pulsatile components using high-fidelity catheter as
well as large series study for the influence of fractional
pulse pressure to surgical outcome will be needed.
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