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Echocardiography

Myocardial Tissue Doppler Imaging Detects Right
Ventricular Dysfunction after Percutaneous
Angioplasty of Dysfunctional Hemodialysis

Access in Uremic Patients

Feng-Yu Kuo,* Wei-Chun Huang,1'2'3* Kuan-Rau Chiou,“ Shih-Hung Hsiao,“ Shih-Kai Lin,* Chi-Cheng Lai,l’2
Tong-Chen Yeh,l Tao-Yu Lee,l Jin-Shiou Yang,3 Tzu-Wen Lin,4 Guang-Yuan Mar,l Shoa-lin Lin*? and Chun-Peng Liu™?*

Background: Right ventricular dysfunction has been observed in uremic patients receiving percutaneous transluminal
angioplasty (PTA). This prospective study focuses on the impact of tissue Doppler imaging echocardiographic
parameters on assessing right ventricle function in uremic patients post PTA of dysfunctional hemodialysis access.
Methods: Sixty uremic patients were divided into two groups by angiographic findings: an occlusive group (26
patients) and a stenotic group (34 patients). All uremic patients underwent routine echocardiography with tissue
Doppler imaging both before and immediately following PTA to assess the right ventricular (RV) function and
pulmonary artery systolic pressure (PASP). The right ventricular (RV) myocardial performance index (MPI) was
obtained during tissue Doppler imaging over the lateral tricuspid annulus. The M index was measured and defined
as the peak early diastolic mitral inflow velocity divided by the RV MPI. The RV MPI, RV isovolumic relaxation time
(IVRT) and M-index were used to evaluate RV function post-PTA.

Results: Immediately following PTA, PASP (31.6 = 11.3 mmHg versus 42.6 + 12.0 mmHg, p = 0.001), RV MPI (0.46 +
0.08 versus 0.62 +0.13, p <0.001) and IVRT (75.1 £ 12.9 versus 98.4 + 27.7 ms, p < 0.001) increased significantly in
the occlusive group. However, PASP and RV function did not change significantly in the stenotic group. In 42.3%
patients from the occlusive group, the M-index fell below 112 and RV MPI rose above 0.55 post-PTA; this occurred
in only 8.8% of the stenotic group.

Conclusions: This prospective study demonstrated that there was a higher incidence of RV dysfunction in uremic
patients with elevated PASP with totally occluded hemodialysis access than those with stenotic access post-PTA.
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INTRODUCTION

Several short-term or long-term complications may
occur in uremic patients.l'6 Percutaneous transluminal
angioplasty (PTA) is one of the most common methods
used to manage aterio-venous graft or shunt failure in
uremic patients.” Right ventricular dysfunction related
to pulmonary embolism has been observed in uremic
patients receiving PTA of dysfunctional hemodialysis ac-
cess as noted by pulmonary perfusion scintigraphy after



RV Dysfunction after PTA in Uremic Patients

the procedure.®° The advances in echocardiography

have made it a useful tool for detecting right-ventricular
(RV) function in specific patients.'*? This prospective
study was to evaluate the RV function immediately
after PTA of dysfunctional hemodialysis access.

MATERIALS AND METHODS

Study population

Sixty-eight consecutive uremic patients with dys-
functional hemodialysis access, defined as an absence
of thrill on physical examination or flow rate less than
250 ml/min on hemodialysis, underwent PTA at our car-
diovascular center. Eight patients were excluded: three
because of atrial fibrillation and another five due to
failed procedure. Therefore, a total of sixty uremic pa-
tients participated in this study. The uremic patients
were further divided into two groups according to an-
giographic findings. The occlusive group (26 patients, 14
of whom had grafts and 12 fistulae) had totally occluded
hemodialysis access; the stenotic group (34 patients, 18
of whom had grafts and 16 fistulae) had partially oc-
cluded access. The Human Research Committee of our
hospital approved the study protocol and written in-
formed consent was obtained from all patients.

Percutaneous transluminal angioplasty procedure

PTA was performed with either 6- or 7-French vas-
cular sheaths. Balloon catheters ranged from 4 to 9 mm
in diameter and 20 to 40 mm in length, by angiographic
findings. All uremic patients were pretreated with he-
parin sodium 5000 units intravenously. We used a
0.035" hydrophilic guide wire (Radifocus, Terumo Corp.,
Japan) to cross the lesions with subsequent balloon
angioplasty. All angiography was done with the contrast
medium Omnipaque (350 mg |I/ml, GE Health care, Ire-
land). PTA success was defined as complete reperfusion
of the dysfunctional site, with contrast able to drain
immediately into the central vein.

Measurement of thrombi

Angiography following the PTA procedures ascer-
tained the presence of thrombi (Figure 1) in the occlu-
sive group. The volume of a regular-shaped (cylindrical)
thrombus was calculated by multiplying the cross-

sectional area of the base by the length. The volume of
a thrombus varying significantly in diameter was cal-
culated segment by segment to avoid bias (Figure 2).
The volume of a conical thrombus was calculated by
multiplying the cross-sectional area of its base by its
length and then dividing by three. Angiographic mea-
surements were analyzed by two independent experi-
enced observers blinded to the patients’ clinical and
echocardiographic data.

Standard echocardiography examination
Echocardiography was performed with tissue Dop-
pler imaging before and immediately after PTA, using a
commercial echocardiography machine (SONOS 7500
imaging system, Philips Medical Systems, Andover,
Massachusetts, USA) equipped with a S3 transducer.
Standard apical 4, apical 5-chamber, and parasternal
long-axis with short-axis view were used. Doppler im-
ages were obtained after expiration with patients hold-
ing their breath for 10 seconds. The mitral E velocity
was acquired at apical four chamber view, between mi-
tral leaflet tips during diastole. All data were recorded
on VHS videotape and stored on magnetic optical discs.
Two independent experienced observers blinded to the
patients’ clinical data analyzed all echocardiography
images, and all measurements followed recommenda-

>

Figure 1. (A) Thrombus in RV papillary muscle after PTA. This is a
26-year-old male, whose hemodialysis access was total occluded with
collateral vessels (B). A thrombus (white arrow) was found at the RV
papillary muscle after PTA. The thrombus (arrow heads, B), had
vanished on the angiogram following PTA (C). The collateral vessels
became less prominent after restoration of venous flow. PTA, percutaneous
transluminal angioplasty; RV, right ventricular.
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Figure 2. Measurement of volume of thrombi. Dislodged thrombi
were defined as disappeared thrombi angiographically after procedure.
Residual thrombus in situ was not taken into calculation. The cross
section area and length of thrombus was measured by quantitative
coronary analysis (QCA) method (total cardiology solution, TCS 2.02,
Medcon, Israel). We assumed a cylindrical thrombus. The volume of
thrombus was obtained by multiplying the cross-sectional area with the
lesion length segment by segment to prevent measure bias (A-C). When
the thrombus was conical (D), we ascertained its volume by multiplying
the cross-sectional area of its base with its length and then dividing by
3.

tions of the American Society of Echocardiography. All
echocardiography variables with tissue Doppler image
parameters represent an average of 3 beats."

Both Simpson’s method and the modified Simpson’s
method were used to estimate left ventricular (LV) and
right ventricular (RV) ejection fraction (EF).'* Using M-
mode image, the tricuspid annular plane systolic excur-
sion was measured in an apical 4-chamber view."

Estimated pulmonary artery systolic pressure (PASP)
For PASP evaluation, a systemic search was under-
taken to identify the most complete tricuspid regur-
gitant (TR) jet followed by continuous-wave Doppler ac-
quisition of spectral envelopes of the greatest velocity
and density, and calculated systolic transtricuspid pres-
sure gradient with the modified Bernoulli equation: p =
4 x (V). Right-atrial pressure was estimated using the
inferior vena caval-respiratory index from long-axis
subxiphoid views.'® Estimated PASP was calculated as
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the sum of the transtricuspid gradient and estimated
right-atrial pressure.

Pulsed wave tissue Doppler imaging and calculation
index

Pulse-wave tissue Doppler images were obtained
using spectral pulse Doppler-signal filters, adjusting
the Nyquist limit to 15 to 20 cm/s (approximately
equal to myocardial velocities) with minimal optimal
gain. The myocardial performance index was obtained
from tissue Doppler with a 3-mm pulse-wave Doppler
sample volume placed at the level of the lateral side
of both tricuspid and mitral annuli, not TR jet and RV
outflow tract flow. In patients with pulmonary hyper-
tension, it may not be easy to gain satisfactory mitral
signal. The mitral signal was not satisfactory in one of
our patient. However, the patient was excluded later
due to atrial fibrillation. The rest of our images
showed satisfactory result. To minimize the incidence
angle between Doppler beam and longitudinal wall
motion, optimal apical views were taken. The
pulse-wave tissue Doppler images were characterized
by a myocardial systolic wave and two diastolic waves:
early diastolic and atrial contraction. Isovolumic-con-
traction time, isovolumic-relaxation time (IVRT), and
ejection time were measured, and myocardial perfor-
mance index (MPl) was defined as the sum of iso-
volumic-contraction time and IVRT divided by ejection
time."”*® M-index was defined as mitral E velocity di-
vided by RV.MPI.

Statistical analysis

The analyses were performed using software (SPSS
Inc., SPSS 18.0 for Windows, Chicago, Illinois, USA).
Categorical data were presented as absolute values
and percentages. Continuous variables were expressed
as mean values + standard deviation. Chi-squared
tests were used for comparison of categorical data.
Two-tailed student t-tests were performed for com-
parison of continuous variables. Simple linear-regres-
sion analysis was used to examine any relationship
between two variables. A p-value of < 0.05 was con-
sidered statistically significant. For determination of
interobserver variability, mean differences between
the measurements of two observers were calculated;
percentage variability was derived as the absolute dif-
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ference between the two sets of measurements, di-
vided by the mean of the two observations. Intra-
observer variability was calculated using this method
as well.

RESULTS

Basic characteristics of patients

The basic characteristics of the occlusive (n = 26)
and stenotic (n = 34) groups are illustrated in Table 1.
The baseline characteristics were similar in both groups.
Echocardiography and tissue Doppler image parameters
before and immediately after PTA in occlusive group are
listed in Table 2. Those of the stenotic group are listed in
Table 3.

Volume of dislodged thrombi, change of PASP

The average dislodged thrombus in the occlusive
group was 2.50 = 2.30 ml, ranging from 0.41 to 8.14
ml. Immediately following PTA, PASP increased signifi-
cantly in the occlusive group (31.6 = 11.3 mmHg versus
42.6 + 12.0 mmHg, p = 0.001). The change in PA pres-
sure varied from 0.75 to 38.31 mmHg, with a mean
value and standard deviation as 11.04 = 7.8 mmHg. In
the stenotic group, the post-PTA change in PASP was
not significant (28.9 + 9.6 mmHg versus 30.6 + 10.6
mmHg, p = 0.5).

All PTA procedures were carried out smoothly, ex-
cept for one patient from the occlusive group who ex-
hibited chest tightness and dyspnea immediately after
the procedure. This was a 72-year-old male with a past

Table 1. The basic characteristics of occlusive and stenotic group

history of hypertension and type 2 diabetes and resul-
tant diabetic nephropathy. There was no significant
blood pressure change (pre-PTA, 128/76 mmHg; post-
PTA 114/72 mmHg). However, the initial SpO2 was 98%
with room air, dropping to 90% with nasal cannula 3
L/min after PTA. Follow-up ventilation-perfusion scinti-
graphy ascertained the presence of pulmonary emboli
over bilateral lung field and symptoms improved three
days later after treatment with heparin. We followed
the patients’ clinical condition one month after proce-
dure. The primary patency rate was 34.6% in the occlu-
sive group and 41.2% in the stenotic group. The patient
who suffered from pulmonary emboli after procedure
was in stable condition during outpatient department
follow-up until now. No patient exhibited cardiopul-
monary distress at the one month follow-up.

Change of tissue Doppler image parameters and
M-index

In the occlusive group, both RV MPI and RV IVRT
increased significantly (0.46 + 0.08 versus 0.62 + 0.13,
p < 0.001 and 75.1 + 12.9 versus 98.4 + 27.7 ms, p <
0.001, respectively, Table 2). The mitral E velocity (73.2
+ 25.0 versus 66.8 + 23.2, p = 0.03) and M-index (156.3
+ 63.1 versus 109.7 + 58.8, p = 0.02) decreased signifi-
cantly. In 11 patients (42.3%) from the occlusive group,
the M-index fell below 112 and RV MPI rose above 0.55
simultaneously post-PTA. Of these 11 patients, 6 were
grafts and 5 were fistulae.

In the stenotic group, the RV MPI and RV IVRT did
not change significantly post-PTA (0.50 + 0.14 versus
0.52 +£0.16, p = 0.59 and 77.1 + 33.9 versus 80.6 + 37.0

Variable Occlusive group (n = 26) Stenotic group (n = 34) p value
Age (yrs) 61.7+12.4 61.3+10.0 0.92
Men 11 (42.3%) 14 (41.2%) 0.89
Hypertension 19 (73.1%) 29 (85.3%) 0.29
Diabetes mellitus 10 (38.5%) 20 (58.8%) 0.24
Dyslipidemia 4 (15.4%) 6 (17.6%) 0.74
Smoking 7 (26.9%) 7 (20.6%) 0.65
Average PTA times in the past 13+15 29+3.1 0.06
Systolic blood pressure (mmHg) 150+ 14.9 148.0 £20.0 0.70
Diastolic blood pressure (mmHg) 76.3+18.6 77.7+13.6 0.78
Hemodialysis duration (months) 46.7 £43.9 68.5+52.9 0.18
Contrast volume used (ml) 111.3+63.1 98.6 £29.6 0.23

Values are means =+ standard deviations, numbers of patients (percentages). PTA, percutaneous transluminal angioplasty.

139
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Table 2. The echocardiographic and tissue Doppler parameters of occlusive group before and immediately after percutaneous

transluminal angioplasty

Occlusive group (n = 26) Before PTA After PTA p value
Systolic blood pressure (mmHg) 157.7£27.9 152.5+20.5 0.21
Diastolic blood pressure (mmHg) 73.3+15.6 70.1+16.3 0.23
Heart rare (beats per minutes) 69.2 +15.2 77.5+13.8 0.09
2-D Variable
RVEF (%) 46.8+4.9 447+3.4 0.18
LVEF (%) 57.9+8.3 57.7+8.0 0.93
M-mode variable
RV TAPSE (cm) 23+04 21+03 0.08
Doppler variable
RVOT TVI (m/s) 19.8 +2.5 20.3+2.8 0.40
LVOT TVI (m/s) 20.6+3.0 20.1+3.8 0.86
Mitral E (cm/s) 73.2+25.0 66.8 £23.2 0.03
Mitral A (cm/s) 89.2+19.5 87.0+16.5 0.66
Deceleration time (ms) 189.9 +£56.1 207.7 +63.8 0.63
PASP (mmHg) 31.6+11.3 42.6+12.0 0.001
Calculation index
M-index (cm/s) 156.3 £ 63.1 109.7 £58.8 0.02
RV stroke volume (ml) 59.5+21.3 60.4+19.3 0.80
LV stroke volume (ml) 60.3+£19.0 60.8 +£20.3 0.92
RV (lateral tricuspid annulus)
Sm (cm/s) 11.8+14 10.7£2.5 0.16
Em (cm/s) 9.0+2.8 83+£3.1 0.49
Am (cm/s) 13.8+3.4 15.9+4.6 0.57
IVCT (ms) 63.9+10.3 67.9+15.3 0.41
IVRT (ms) 75.1+12.9 98.4 £ 27.7 p <0.001
MPI 0.46 + 0.08 0.62 +0.13 p <0.001

Variables area means + standard deviations.

Am, peak late diastolic myocardial velocity derived by pulsed-wave Doppler tissue; Em, peak early diastolic myocardial velocity
derived by pulsed-wave Doppler tissue; IVCT, isovolumic contraction time derived from Doppler tissue imaging; IVRT, isovolumic
relaxation time derived from Doppler tissue imaging; LV, left ventricle; LVEF, left ventricular ejection fraction; LVOT, left ventricular
outflow tract; Mitral A, peak velocity of late diastolic mitral inflow; Mitral E, peak velocity of early diastolic mitral inflow; MPI,
myocardial performance index, defined as the sum of isovolumetric contraction time and isovolumetric relaxation time divided by
the ejection time obtained by Doppler tissue image; M-index, defined as Mitral E divided by RV MPI; PASP, pulmonary artery
systolic pressure; RV, right ventricle; RVEF, right ventricular ejection fraction; RVOT, right ventricular outflow tract; Sm, peak
systolic myocardial velocity derived by pulsed-wave Doppler tissue; TAPSE, tricuspid annular plane systolic excursion; TVI, time

velocity integral.

ms, p = 0.69, respectively, Table 3). The M-index also did
not change significantly post-PTA (149.5 + 68.2 versus
147.8 £ 71.0, p = 0.90). There were 3 patients (8.8%)
from the stenotic group whose M-Index fell below 112
and RV MPI rose above 0.55 post-PTA. Of these 3 pa-
tients, 2 were grafts and 1 was fistula.

Reproducibility

Intraobserver differences of dislodged thrombi were
0.3 £+ 3.2%. In the RV and left-ventricular ejection frac-
tions, intraobserver differences were 3.8 + 2.8% and 4.7
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+ 3.4%, respectively. Intraobserver variability and dif-
ferences, respectively, were 3.2 + 2.1% and 0.3 + 0.4%
for myocardial systolic wave, 2.8 + 2.0% and 0.2 + 0.3%
for myocardial early-diastolic wave, 3.9 £ 2.8% and 0.4 £+
0.4% for myocardial late-diastolic wave. Interobserver
differences of dislodged thrombi were 0.3 + 2.6%, and
interobserver differences of RV EF and LV EF were 4.2 +
3.1% and 5.3 = 4.3%. Interobserver variability and differ-
ences, respectively, were 4.2 + 3.5% and 0.5 + 0.3% for
isovolumic-contraction time, 4.9 + 3.8% and 0.6 = 0.5%
for IVRT, and 4.6 +£3.9% and 0.5 + 0.4% for MPI.
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Table 3. The echocardiographic and tissue Doppler parameters of stenotic group before and immediately after percutaneous

transluminal angioplasty

Stenotic group (n=34) Before PTA After PTA p value
Systolic blood pressure (mmHg) 149+21.2 153+23.0 0.46
Diastolic blood pressure (mmHg) 69.3+13.4 72.4+15.2 0.31
Heart rate (beats per minutes) 72.1+125 73.2+13.6 0.67
2-D variable
RVEF (%) 44.1+5.5 45.1+5.5 0.47
LVEF (%) 56.9+6.7 58.1+6.4 0.52
M-mode variable
RV TAPSE (cm) 2.1+0.5 22+04 0.52
Doppler variable
RVOT TVI (m/s) 21.7+3.6 21.5+3.6 0.40
LVOT TVI (m/s) 21.2+4.6 20.9+5.0 0.41
Mitral E (cm/s) 66.9+15.4 66.6 +16.1 0.77
Mitral A (cm/s) 949+14.7 101.5+22.6 0.21
Deceleration time (ms) 217.3+70.6 201.5+63.0 0.38
PASP (mmHg) 28.9+9.6 30.6 £10.6 0.50
Calculation Index
M-index (cm/s) 149.5 + 68.2 147.8+71.0 0.90
RV Stroke Volume (ml) 63.3 +20.1 62.7 +24.0 0.65
LV Stroke Volume (ml) 63.1+17.4 62.9+18.7 0.75
RV (lateral tricuspid annulus)
Sm (cm/s) 12.7+2.6 123+2.6 0.80
Em (cm/s) 73+25 7.6+3.0 0.80
Am (cm/s) 15.3+£4.3 155t4.1 0.56
IVCT (ms) 63.5+17.0 67.3+18.0 0.40
IVRT (ms) 77.1+33.9 80.6+37.0 0.69
MPI 0.50+0.14 0.52+0.16 0.59

Variables area means * standard deviations. Abbreviations as in Table 2.

DISCUSSION

Uremic patients receiving long-term hemodialysis
often develop concurrent cardiovascular disease.’®**
Therefore, it is clinically important to identify uremic
patients prone to developing post-PTA pulmonary hy-
pertension or RV dysfunction in advance. No studies
have focused on the post-PTA development of RV dys-
function in different patient populations. By assessing
PASP and tissue Doppler parameters, we tried to iden-
tify patients prone to having RV dysfunction post-PTA.
We chose echocardiography instead of multidetector
computed tomography due to concerns about radia-
tion dose and bedside availability. Echocardiography is
also more suited to evaluate the RV dysfunction and
PASP change.

In the occlusive group, the PASP increased imme-

diately post-PTA; this could be due to increased venous
return after successful PTA, or pulmonary emboli. How-
ever, after PTA, the time-velocity integral of both RV and
LV outflow tracts, together with RV and LV stroke vo-
lume, did not differ between our groups (Table 2, 3).
Mitral E velocity even decreased in the occlusive group
after PTA (Table 2). These findings indicate that the ve-
nous return did not increase significantly. Parmley et
al.?? once showed in dogs that pulmonary emboli
prompted increases in PASP. To trace the cause of in-
crease of PASP, we measured dislodged thrombi by
angiography (Figure 2) and found that the increase of
PASP correlated well with the volume of dislodged
thrombi (r = 0.725, p < 0.001, Figure 3). This finding sup-
port the idea that the increase in PASP might related to
pulmonary emboli.

In the 11 patients, whose M-index fell below 112

Acta Cardiol Sin 2014,;30:136—143
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Figure 3. Relations among increases of PASP, and volume of dislodged

thrombi. The coefficient of relation (r value) and p value were illustrated
within the figure. PASP, pulmonary artery systolic pressure.

and RV MPI rose above 0.55 simultaneously after proce-
dure, the mean pre-procedure RV MPI was 0.46, ranging
from 0.38 to 0.52. There were 3 patients whose RV MPI
is greater than 0.5 (0.52 in two patients and the other is
0.51), which is near the cut-off value 0.55. Mean M-in-
dex before procedure was 156.3, ranging from 98.8 to
330.4. There was only one patient whose M-index was
near cut-off value (125.5) before procedure. Further-
more, there are 3 patients (1 from the occlusive group,
and 2 from the stenotic group) who had elevated PASP
and high M-index, and low RV MPI value after proce-
dure. This is seen in patients with low RV MPI value
which may indicate impaired RV systolic function.

Clinical implications

In this prospective study, we found that uremic
patients with totally occluded hemodialysis access are
more likely to develop RV dysfunction post-PTA than
patients with stenotic access. Furthermore, the increase
of PASP correlated well with the volume of dislodged
thrombi. Thus, for uremic patients whose hemodialysis
accesses are totally occluded with the presentation of
loss of thrill on physical examination, we should be
more cautious to follow up patient’s condition status
post-PTA.

Acta Cardiol Sin 2014,;30:136—143

Limitations

There are some limitations to our study. First, our
patient population was small. Larger patient populations
may disclose further correlations among these variables.
Second, tissue Doppler imaging with isovolumic con-
traction time, IVRT, and MPI could be measured only in
patients with sinus rhythm. This is an innate defect of
tissue-Doppler imaging. Therefore, selection bias was
possible. Third, we did not performed multidetector
computed tomography or perfusion/ventilation scinti-
graphy routinely after procedure, thus, the diagnosis of
pulmonary emboli was not sure.

CONCLUSIONS

This prospective study demonstrated that uremic
patients with totally occluded hemodialysis access are
more likely to develop RV dysfunction and elevation of
PASP post-PTA, than uremic patients with stenotic ac-
cess. The increase in PASP correlated well with the
volume of dislodged thrombi.
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