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Abstract

Introduction: Pulmonary hypertension is common among
patients with end-stage renal disease, although data regard-
ing the impact of right ventricular (RV) failure on postopera-
tive outcomes remain limited. We hypothesized that echo-
cardiographic findings of RV dilation and dysfunction are as-
sociatedwithadverseclinicaloutcomesafterrenaltransplant.
Methods: A retrospective review of adult renal transplant
recipients at a single institution from January 2008 to June
2010 was conducted. Patients with transthoracic echocar-
diograms (TTEs) within 1 year leading up to transplant were
included. The primary end point was a composite of delayed
graft function, graft failure, and all-cause mortality. Results:
Eighty patients were included. Mean follow-up time was 9.4
+ 0.8 years. Eight patients (100%) with qualitative RV dys-
function met the primary end point, while 39/65 patients
(60.0%) without RV dysfunction met the end point (p =

0.026). Qualitative RV dilation was associated with a signifi-
cantly shorter time to all-cause graft failure (p = 0.03) and
death (p =0.048). RV systolic pressure was not measurable in
45/80 patients (56%) and was not associated with outcomes
in the remaining patients. Conclusion: RV dilation and dys-
function are associated with adverse outcomes after renal
transplant. TTE assessment of RV size and function should be
a standard part of the pre-kidney transplant cardiovascular

risk assessment. ©2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Cardiovascular disease is the leading cause of morbid-
ity and mortality in patients with end-stage renal disease
(ESRD) [1, 2]. Data from the United States Renal Data
System have demonstrated that cardiovascular disease
accounts for 31% of patient deaths with a functioning
graft [3]. Much of the literature and clinical effort regard-
ing preoperative risk stratification in this population fo-
cuses on ischemic heart disease and left-sided heart fail-
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ure [1, 2]. The prevalence of pulmonary hypertension
(PH) in ESRD has been reported to be about 33% [4],
based on echocardiographic evidence of elevated right
ventricular systolic pressure (RVSP). While elevated pre-
transplant RVSP has been associated with the adverse
posttransplant outcomes in a number of studies [5], data
regarding the impact of right ventricular (RV) failure on
postoperative outcomes remain limited [1, 6].
Transthoracic echocardiography (TTE) is a widely
available, relatively rapid, and very well-tolerated exami-
nation that is commonly used as a noninvasive screening
tool for PH [7]. As outcomes in PH are closely linked to
RV systolic function [8], assessment of RV size and func-
tion by TTE is invaluable for prognostication and man-
agement. We hypothesized that preoperative RV dilation
and dysfunction as observed on TTE is associated with
worse outcomes after renal transplantation, including de-
layed graft function, graft failure, and all-cause mortality.

Materials and Methods

Study Population

A retrospective review of adults receiving renal transplants at
the University of Michigan from January 2008 to June 2010 was
conducted. Patients who had TTEs, performed at our institution
within 1 year prior to transplant were included in the analysis.
Patients undergoing double organ transplant (heart-kidney, liver-
kidney, or kidney-pancreas) were excluded. The University of
Michigan institutional review board approved the study. After
transplantation, patients were treated with a standard triple im-
munosuppression protocol consisting of tacrolimus, mycopheno-
late mofetil, and maintenance-dose prednisone therapy. The pri-
mary end point was a composite of delayed graft function, graft
failure, and all-cause mortality. Delayed graft function was de-
fined as the need for hemodialysis within 1 week after transplanta-
tion.

Clinical Data Collection

Standard demographic and anthropometric data, laboratory
test results, mode of dialysis, pretransplant medications, and out-
comes data were collected from the electronic medical records.
Clinical outcomes were extracted from the electronic medical re-
cords (Epic, Epic Systems Corporation, Madison, WI, USA) and
from the University of Michigan Organ Transplant Information
System (OTIS), which is a comprehensive transplant database.
Preoperative hypotension was defined as systolic blood pressure
<90 mm Hg at the final preoperative clinic appointment.

Echocardiography

Images were acquired using standard echocardiographic ma-
chines (Philips of Andover, MA, USA and Siemens of Washington,
DC, USA). Complete TTEs with 2-dimensional imaging and Dop-
pler evaluation were performed according to the standard clinical
protocol. If multiple studies were obtained for a given patient with-
in the year prior to transplantation, the study that occurred closest
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Table 1. Baseline demographics of the study population (N = 80)

Variable Mean value or

patients, n (%)

Age: mean + SD, years 51.3+14.2
Gender
Male 58 (72.5)
Female 22 (27.5)
Primary etiology of renal failure
Diabetes mellitus 21 (26.3)
Hypertension 7 (8.8)
Multifactorial (DM & HTN) 6 (7.5)
Glomerulonephritis 21 (26.3)
PCKD 8 (10.0)
Drug toxicity 7 (8.8)
Urologic issue 5(6.3)
Other 5(6.3)
Dialysis-dependent 62 (77.5)
On hemodialysis 54 (67.5)
On peritoneal dialysis 8(10)
AV fistula present 39 (48.8)
Duration of dialysis, years: mean+SD 2.8+2.6
Diabetes mellitus 33 (41.3)
Chronic systemic hypertension 68 (85.0)
Anemia 65 (81.3)
Type of renal transplant
Living unrelated donor 16 (20.0)
Living related donor 16 (20.0)
Deceased unrelated donor 48 (60.0)
Hypotension at the time of transplant 10 (12.5)
History of CAD 25 (31.3)
History of smoking 37 (46.3)

DM, diabetes mellitus; HTN, hypertension; SD, standard de-
viation; PCKD, polycystic kidney disease; AV, arteriovenous;
CAD, coronary artery disease.

to the transplant was analyzed. All measurements were made by a
blinded expert echocardiographer (NB). Standard linear measure-
ments of the left ventricle (LV) and left atrium were made in the
parasternal long-axis view. Left ventricular end-systolic and end-
diastolic volumes were obtained using Simpson’s method of discs,
based on tracings in the apical 2-chamber and 4-chamber views.
These volumes were used to calculate the biplane left ventricular
ejection fraction (LVEF) as follows:

LVEF = [(LV end-diastolic volume—-LV end-systolic volume)/
LV end-diastolic volume] x 100% [9].

LVEF was also estimated visually. Left ventricular systolic dys-
function was defined as LVEF <50%, with calculated LVEF used
preferentially over visually estimated LVEF, unless calculation was
not possible due to limited image quality.

RV linear measurements were made in the apical 4-chamber
view. As per the current guidelines, the upper limits of normal for
these parameters are as follows: RV basal diameter, 41 mm; RV
mid-cavity diameter, 35 mm; and RV length, 83 mm [10]. Qualita-
tive RV dilation and dysfunction were adjudicated by the echocar-
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Table 2. Summary of echocardiographic findings

Variable Mean value + SD or patients, 7 (%) Patients for whom
: : : ; ; ; ; data could not be
in all patients in patients who met in patients who didnot 0. o d, 1 (%)
(N=280) the primary end point meet the primary end

(N=52) point (N = 28)

LV size

LVIDd (mm + SD) 51+7.7 5148.0 49+7.5 2 (2.5)
LV function

LV ejection fraction <50%, n (%) 9(11.3) 8 (15.4)* 1(3.6) 2 (2.5)
RV size

RV basal diameter (mm + SD) 39+7.3 40+7.5 38+6.8 12 (15)

RV mid-cavity diameter (mm + SD) 2746.3 2747.0 26+5.3 22 (27.5)

RV length (mm + SD) 7619.2 77+8.7 7549.9 12 (15)

Qualitative RV dilation, n (%) 16 (20) 13 (25) 3(10.7) 5(6.3)

RV function, n (%)

Qualitative RV dysfunction 8 (10) 8 (15.4)* 0(0) 7 (8.8)

LA size

LA volume (mL + SD) 80+33.6 82+32.1% 76+36.3 3(3.8)
LA AP diameter (mm * SD) 44474 45+7.3% 42+7.3 0(0)

RA area (cm? + SD) 18+7.0 1846.2 18+8.3 10 (12.5)

RVSP (mm Hg + SD) 3149.0 3249.5 3049.5 45 (56.3)

Moderate or greater tricuspid regurgitation, n (%) 2 (2.5) 1(1.9) 1(3.6) 0(0)

Ele’ > 15, n (%) 7 (8.8) 6 (11.5)° 1(3.6) 19 (23.8)

SD, standard deviation; LVIDd, left ventricular internal diameter at end-diastole; LV, left ventricular; AP, antero-posterior; RV, right
ventricular; LA, left atrial; RA, right atrial; RVSP, right ventricular systolic pressure. * p = 0.026 for difference between patients who did
and did not meet the primary end point. T p = 0.486 for difference. * p = 0.061 for difference. * p = 0.10 for difference. ¥ p = 0.13 for dif-

ference.

diographer based on a composite of the above variables and visual
appearance of the RV.

Left atrial volume was obtained using Simpson’s method of
discs, based on tracing in the apical 4-chamber view. Right atrial
area was traced in the apical 4-chamber view and was considered
to be abnormal if >18 cm? [9].

RVSP was estimated based on the peak tricuspid regurgitation
velocity (v) using the modified Bernoulli equation:

RVSP = 4 + estimated right atrial pressure [11].

Right atrial pressure was estimated based on inferior vena cava
diameter and inspiratory collapsibility, as per the current guide-
lines. Left ventricular diastolic function was evaluated based on
mitral valve inflow velocities (early or E wave, atrial or A wave, and
E/A ratio), obtained using pulse-wave Doppler, and mitral annular
tissue Doppler velocities (septal and lateral e’, which were aver-
aged).

Statistical Analysis

Continuous variables are reported as mean + standard devia-
tion. Categorical variables are expressed as percentages. The dif-
ference between the patients meeting the primary end point and
those who did not were assessed using an unpaired t test for con-
tinuous variables and the x? test for categorical variables. Kaplan-
Meier survival analyses were performed to assess time to all-cause
graft failure and time to death. A correlation analysis was per-
formed to assess the relationship between RVSP and RV basal di-

Right Ventricular Dysfunction and Renal
Transplant Outcomes

ameter. Analyses were conducted using SPSS (IBM SPSS Statistics,
Chicago, IL, USA) and Stata (StataCorp, College Station, TX,
USA). The p values reported are 2-sided and considered significant
at p < 0.05.

Results

Subject Characteristics

A total of 80 adult kidney transplant patients were in-
cluded in the study, with a mean follow-up time of 9.4 +
0.8 years. Baseline demographics of the study population
are presented in Table 1. The mean age of transplant re-
cipients was 51.3 + 14.2 years (range, 19-75 years). The
most common etiologies of renal failure were diabetes
mellitus (21 patients, 26.3%), glomerulonephritis (21 pa-
tients, 26.3%), and polycystic kidney disease (8 patients,
10.0%). A majority of transplant recipients (62 patients,
77.5%) were dialysis-dependent leading up to transplant,
with the most common modality being hemodialysis (54
patients, 67.5%). The mean duration of dialysis prior to
transplant was 2.8 + 2.6 years. Over the follow-up period,

Cardiorenal Med 2021;11:109-118 111
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Table 3. Echocardiographic findings according to AV fistula status

Variable Patients, n (%) p value
in patients with AV in patients without
fistulas (n = 39) AV fistulas (n = 41)

LV dilation (n = 13) 6 (46.2) 7 (53.8) 0.90
LV ejection fraction <50% (n =9) 5 (55.6) 4(44.4) 0.73
Qualitative RV dilation (n = 16) 9 (56.3) 7 (43.7) 0.41
Qualitative RV dysfunction (n = 8) 5(62.5) 3(37.5) 0.46

AV, arteriovenous; LV, left ventricular; RV, right ventricular.
Table 4. Baseline and echocardiographic findings in patients with qualitative RV dysfunction
Variable Mean value + SD or patients, n (%)

in patients with RV in patients without RV
dysfunction (N = 8) dysfunction (N = 65)

Met primary end point, n (%) 8 (100.0) 39 (60.0)
Time on dialysis, years: mean + SD 3.1+2.7 2.8+2.7
Hypotension, n (%) 3 (37.5)* 5(7.7)
LV size

LVIDd (mm + SD) 48+3.1 5148.9
LV function, n (%)

LV ejection fraction <50% 1(12.5) 6(9.2)
RV size

RV basal diameter (mm + SD) 48+4.6" 38+6.7

RV mid-cavity diameter (mm + SD) 33+5.7 26+6.1

RV length (mm + SD) 80+11.7 76+9.1

Qualitative RV dilation, n (%) 6 (75.0)* 10 (15.4)
LA size

LA volume (mL + SD) 85+24.5 79+35.0

LA AP diameter (mm + SD) 49+8.7 43+7.1
RA area (cm? + SD) 24+10.5 1846.5
RVSP (mm Hg + SD) 34+12.3 3049.1
Moderate or greater tricuspid regurgitation, n (%) 1 (12.5)* 1(1.5)

SD, standard deviation; LVIDd, left ventricular internal diameter at end-diastole; LV, left ventriclular; RV,
right ventricular; AP, antero-posterior; LA, left atrial; RA, right atrial; RVSP, right ventricular systolic pressure.
* p = 0.01 for difference between patients who did and did not have RV dysfunction. T p = 0.02 for difference.
¥p =10.0001 for difference. * p = 0.04 for difference.

20 patients (25.0%) had delayed graft function, 44 pa-
tients (55.0%) had renal failure, and 34 patients (42.5%)
died.

There were 10 patients with preoperative hypotension,
and all of them (100%) met the primary composite end
point, as compared to 57.5% (23/40) of normotensive pa-
tients and 66.7% (18/27) of hypertensive patients (p =
0.039 for difference). Longer dialysis duration prior to
transplant was also associated with a higher risk of the

112 Cardiorenal Med 2021;11:109-118
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primary end point (mean dialysis duration was 3.3 + 2.4
years for those meeting the end point vs. 1.8 + 2.7 years
for others, p = 0.016).

Echocardiographic Parameters

Echocardiographic findings are presented in Table 2.
In our population, the average left ventricular internal di-
ameter at end-diastole (LVIDd) was 51 + 7.7 mm, and 9
patients (11.3%) had LVEF <50%. The mean RV basal
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diameter was 39 + 7.3 mm, RV mid-cavity diameter was
27 + 6.3 mm, and RV length was 76 + 9.2 mm. The aver-
age right atrial area was 18 + 7.0 cm? Seven patients
(8.8%) had E/e’ > 15. Eight patients (10%) had qualitative
RV dysfunction and 16 patients (20%) had qualitative RV
dilation. The presence of an arteriovenous (AV) fistula
was not significantly associated with LV dilation, LV dys-
function, RV dilation, or RV dysfunction (Table 3). Dura-
tion of dialysis was not significantly associated with RV
dysfunction or RV dilation (p = 0.76 and p = 0.79, respec-
tively).

RV function could be assessed qualitatively in 73/80
patients (91.3%). Qualitative RV dysfunction was associ-
ated with a significantly higher risk of the primary end
point (p = 0.026). All 8 patients (100%) with qualitative
RV dysfunction met the primary end point, while 39/65
patients (60.0%) without RV dysfunction met the end
point. Of the patients with RV dysfunction, 3 patients had

Right Ventricular Dysfunction and Renal
Transplant Outcomes

delayed graft function, 6 patients developed graft failure,
and 5 patients died. Among patients with RV dysfunc-
tion, 1/8 patients (12.5%) had LV dysfunction as well, as
compared with 6/65 patients without RV dysfunction
(9.2%, p = 0.78 for comparison). Patients with RV dys-
function had significantly more dilated RVs than those
without RV dysfunction (mean RV basal diameter 48 vs.
38 mm, p = 0.02). Mean RA area was larger among pa-
tients with RV dysfunction, but this difference was not
statistically significant (24 vs. 18 cm?, p = 0.25). Preop-
erative hypotension was more common among patients
with RV dysfunction (3/8 patients, 37.5%, vs. 5/65 pa-
tients, 7.7% of patients without RV dysfunction, p = 0.01;
Table 4).

RV basal diameter was measurable in 68/80 patients
(85.0%). Patients in the highest quartile of RV basal diam-
eter had a shorter time to all-cause graft failure and death
compared to patients in the lowest quartile, though these

Cardiorenal Med 2021;11:109-118
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differences did not meet statistical significance (p = 0.09 Discussion

for both; Fig. 1). RV dilation could be assessed qualita-
tively in 75/80 patients (93.8%). Qualitative RV dilation
was associated with a significantly shorter time to all-
cause graft failure (p = 0.03) as well as a significantly
shorter time to death (p = 0.048) (Fig. 2).

Notably, RVSP based on tricuspid regurgitation veloc-
ity was not possible to be measured in 45/80 (56%) of pa-
tients. RVSP did not differ significantly in patients who
did and did not meet the primary end point (mean 32 +
9.5vs. 30 + 9.5 mm Hg, p = 0.39). RVSP was moderately
correlated with RV basal diameter (r = 0.57, p = 0.001)
(Fig. 3). The prevalence of moderate or greater tricuspid
regurgitation in our study was 2.5%.
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A number of echocardiographic studies have demon-
strated that the prevalence of PH is high among patients
with ESRD [12-14]. There are many potential causes for
the increased prevalence in this population, including left
ventricular systolic and/or diastolic dysfunction, chronic
volume overload due to inadequate ultrafiltration, high
cardiac output in the setting of AV fistula and/or chronic
anemia, and sleep apnea [15]. Interestingly, in a study of
76 patients with ESRD, Abdelwhab and Elshinnawy [13]
demonstrated that the prevalence of PH (defined as an
estimated RVSP of >35 mm Hg on TTE) was high regard-
less of whether the patients were managed with hemodi-
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alysis (44.4%) or had not yet initiated dialysis and were
managed with medications alone (32.3%).

Multiple studies have shown the presence of PH to be
a strong prognostic indicator in the ESRD and posttrans-
plant populations. Stallworthy et al. [16] performed a ret-
rospective review of 739 patients evaluated for renal
transplantation and found that PH and/or RV dysfunc-
tion was significantly associated with all-cause mortality
(hazard ratio 1.91, p = 0.001). Zlotnick et al. [17] showed
that RVSP >35 mm Hg was associated with early graft
failure in deceased donor recipients (43% in patients with
elevated RVSP vs. 6% in those with normal RVSP, p =
0.002). Issa et al. [18] found that a markedly elevated
RVSP of >50 mm Hg was associated with reduced sur-
vival post-transplantation (p = 0.06). However, RVSP
could not be measured in a large number of patients
(36/94 [38.3%] for Zlotnick etal. [17] and 109/324 [33.6%]
for Issa et al. [18]). Finally, Caughey et al. [19] considered
that left atrial pressure might be associated with outcomes
in patients with PH who underwent kidney transplanta-
tion. They found that 5-year mortality was higher in pa-
tients with PH in the absence of elevated left atrial pres-
sure, suggesting that patients with significant pulmonary
vascular disease are at highest risk [19].

RV dilation and dysfunction are strong prognostic indi-
cators in PH [8], and among patients beginning hemodi-
alysis, RV dysfunction has been shown to be independent-
ly associated with mortality [20]. Cardiovascular-related
hospitalizations and events occur more frequently after a
long interdialytic interval [21]. Tsilonis et al. [22] measured
the echocardiographic parameters of LV and RV function

Right Ventricular Dysfunction and Renal
Transplant Outcomes

at the end of 3- and 2-day interdialytic intervals. They
found that while LV systolic function remains unchanged,
there was a significant increase in inferior vena cava diam-
eter, RA volume, and RVSP during the 3-day interval, sug-
gesting that right heart failure is a major driver of poor out-
comes. They hypothesized that unlike the LV, which has
greater wall thickness, the RV is highly susceptible to vol-
ume overload [22]. Furthermore, hemodialysis involves
large and frequent fluid shifts. RV dysfunction has been
associated with intradialytic hypotension, which results in
myocardial stunning and ischemia [23]. While we found
that duration of dialysis was not significantly associated
with development of RV dysfunction or RV dilation, this
may be a consequence of evaluating a small study popula-
tion. Interestingly, while having an AV fistula is a recog-
nized risk factor for high-output heart failure, having an
AV fistula was not associated with a significantly higher
rate of LV dilation, LV dysfunction, RV dilation, or RV
dysfunction in our small study [24]. This may also be a con-
sequence of evaluating a small study population.

The goal of our study was to assess whether markers of
RV dilation and dysfunction are associated with poor
outcomes following renal transplant, including delayed
graft function, graft failure, and all-cause mortality. Par-
ticularly, important findings include the high prevalence
of RV dysfunction and dilation in this population (10 and
20%, respectively) and the fact that patients with qualita-
tive RV dysfunction had a significantly higher likelihood
of reaching the primary end point. As discussed above,
while there are many potential causes of RV dysfunction
in patients with ESRD, in our study population the exact
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Fig. 4. Complex shape of the RV. a In this parasternal short-axis view on TTE, the RV appears to be a crescent
wrapped around the LV. b In this RV 3-chamber view on cardiovascular magnetic resonance, the RV and RVOT
appear like a baseball glove gripping the Ao. RA. ¢ In this apical 4-chamber view on TTE, the RV looks like a tri-
angle or sail. This is perhaps the most important view for assessment of RV size and function on TTE. LA, left
atrium; RV, right ventricle; TTE, transthoracic echocardiography; LV, left ventricle; RVOT, right ventricular
outflow tract; Ao, aorta; RA, right atrium.

causes of RV dysfunction were not known. Furthermore,
RV dilation was associated with shorter time to all-cause
graft failure and shorter time to death. There are multiple
mechanisms by which RV dilation and dysfunction may
contribute to graft failure, including venous congestion
and low cardiac output. A retrospective review of renal
transplant recipients with graft failure found the propor-
tion of allograft dysfunction due to cardiorenal syndrome
to be 4.6%, suggesting that venous congestion is an im-
portant cause of allograft dysfunction [25]. Functional
tricuspid regurgitation in the setting of RV dilation and
dysfunction can further increase venous pressure and po-
tentially affect renal perfusion pressure. Hypotension as
a result of autonomic dysfunction, vascular calcification,
and low cardiac output could be contributing to graft fail-
ure as well. Additional studies are needed to clarify these
mechanisms. Our findings suggest that RV assessment by
TTE could be extremely useful in identifying patients
who require further cardiovascular optimization and
work-up, including diagnostic testing and adjustment of
ultrafiltration goals, prior to renal transplantation.
While prior studies in the pretransplant population
have focused on RVSP for PH screening, it is important
to note that RVSP could not be measured in the majority
of patients in our real-world sample. An incomplete or
poor-quality tricuspid regurgitation Doppler envelope
often precludes RVSP measurement. Common reasons
for this include absence of tricuspid regurgitation, eccen-
tricity of the tricuspid regurgitation jet, and patient obe-
sity. While an elevated RVSP should raise suspicion for
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PH, an echocardiogram report that omits RVSP or in-
cludes a “normal” RVSP based on a poor-quality signal
should not be considered reassuring. RVSP and RV basal
diameter were moderately correlated in our population.

When a TTE is ordered for a pretransplant patient, we
recommend that the ordering physician specifically re-
quest detailed comments on RV size and function. Be-
cause of the right ventricle’s unique shape — conceptual-
ized as a pyramid, crescent, or baseball glove, depending
upon one’s perspective (Fig. 4) - it is very difficult to
model geometrically. No single linear or 2-dimensional
parameter can adequately determine whether the right
ventricle is dilated or dysfunctional. Assessment of RV
size in multiple echocardiographic views and in relation
to left ventricular size is critically important. As such, as-
sessment of the right ventricle by a thoughtful and expe-
rienced echocardiographer is highly desirable.

Limitations

This was a retrospective, single-center study evaluat-
ing a relatively small population of patients. RV dimen-
sions and function are volume-dependent, so the timing
of each echocardiogram in relation to dialysis could have
impacted the results. At the time these TTEs were ob-
tained, tricuspid annular plane systolic excursion (a M-
mode echocardiographic parameter) and tricuspid annu-
lar §" velocity (a tissue Doppler parameter) were not stan-
dard at our institution, although they are recommended
for RV function assessment per current guidelines [10].
Finally, in an effort to emulate real-world practice, we
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chose not to exclude any patients with limited TTE image
quality, though individual data points were omitted when
accurate measurements could not be made.

Conclusions

In this retrospective study, we have shown that RV di-
lation and dysfunction on pretransplant TTE are associ-
ated with adverse outcomes following renal transplant,
including delayed graft function, graft failure, and all-
cause mortality. Assessment of RV size and function by
TTE could be invaluable in risk stratification prior to re-
nal transplantation. Large, prospective, multicenter stud-
ies are needed to corroborate these findings.
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