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Abstract

Background: Transcatheter aortic valve implantation (TAVI) has evolved to be a treatment of choice in high-risk
patients with aortic stenosis (AS). However, it is not known whether TAVI is safe and beneficial for the creation of
arteriovenous fistula for maintenance hemodialysis in high-risk patients with severe AS.

Case presentation: A 91-year-old woman was referred to our hospital due to oligoanuria and progressive renal
dysfunction. She was diagnosed with anti-glomerular basement membrane (GBM) disease. She had hypertension,
chronic kidney disease stage G3b, and AS. We chose not to perform immunosuppressive therapy and
plasmapheresis for anti-GBM disease because the risk of death outweighed the benefit of treatment. Hemodialysis
with a venous catheter was initiated for the renal indication. As she showed severe AS, she had a risk of cardiac
decompensation after arteriovenous fistula creation for dialysis. Following the clinical decision-making process, she
underwent TAVI. Although she required the implantation of a cardiac pacemaker for an advanced atrioventricular
block that occurred 11 days after TAVI, arteriovenous fistula was successfully created thereafter. She could undergo
maintenance hemodialysis using arteriovenous fistula.

Conclusions: TAVI is safe and beneficial for the creation of arteriovenous fistula shortly after initiating acute
hemodialysis using a catheter in a very old patient with anti-GBM disease.

Keywords: Anti-glomerular basement membrane disease, Aortic stenosis, Arteriovenous fistula, Hemodialysis,
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Introduction

Satisfactory hemodialysis (HD) requires arteriovenous
fistula (AVF) for dialysis. AVF involves less complicated
blood access for dialysis; however, AVF creation has a
risk of high-output heart failure especially in patients
with low cardiac function, including severe aortic sten-
osis (AS) [1, 2].

Transcatheter aortic valve implantation (TAVI) has
revolutionized the treatment of high-risk patients with
severe AS. The relative survival after TAVI is high, and
survival rates in those aged > 85 years are approximately
those of a matched general population within 3 years [3].
TAVI is feasible in patients with not only chronic kidney
disease (CKD) stage G3-5 [4] but also CKD stage G5D
[5]. However, it is not known whether TAVI is safe and
beneficial for the creation of AVF in old patients with
severe AS shortly after initiating acute HD using a ven-
ous catheter.

We describe a 91-year-old woman who presented with
oligoanuria and deteriorated renal function requiring
acute HD due to anti-glomerular basement membrane
(GBM) disease. Although she had severe AS, she could
successfully undergo maintenance HD with AVF cre-
ation after TAVIL

Case presentation

A 91-year-old woman presented with general fatigue, ap-
petite loss, and oligoanuria 10 days before her regular
visit at our hospital. She had hypertension, CKD stage
G3b (serum creatinine level of approximately 1.5 mg/
dL), and AS. She had been taking amlodipine at a dosage
of 5 mg/day for hypertension and furosemide at a dosage
of 10 mg/day for chronic heart failure due to AS. La-
boratory data showed a blood urea nitrogen level of 115
mg/dL, a serum creatinine level of 14.3 mg/day and a C-
reactive protein level of 7.11 mg/dL. She was admitted to
our hospital due to deteriorating renal function with
anuria.

The physical examination upon admission showed a
height of 144.0cm, a body weight of 52.0kg, a body
temperature of 36.0°C, a blood pressure of 164/90
mmHg, an irregular heart rate of 89 beats/min, and an
SpO, of 98%. Mid-systolic ejection murmur was audible
over the right second intercostal space. Normal vesicular
breath sounds were heard in the chest. Pitting edema
was found in both lower legs. Urine samples were not
collected because of anuria. The results of blood tests
upon admission are listed in Table 1. The patient
showed anemia, hypoproteinemia, and severe renal im-
pairment in association with a high level of C-reactive
protein and a high titer of anti-GBM antibody. She also
showed a high level of NT-proBNP. Chest X-ray did not
show pulmonary hemorrhage but did show pleural effu-
sion and cardiomegaly (Fig. 1a). Computed tomography

Table 1 Laboratory data upon admission
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Complete blood count

Estimated GFR

Immunologic test

WBC 8900/uL

Hb 93 g/dL

Platelet 30.9% 10%/uL
Blood chemistry

Total protein 6.2 g/dL

Albumin 23g/dL

Urea nitrogen 1154 mg/dL

Creatinine 14.13 mg/dL

Aspartate aminotransferase 91U/L

Alanine aminotransferase 410/L

Total bilirubin 0.2 mg/dL

Alkaline phosphatase 3751U/L

y-glutamyltransferase 23 1U/L

Lactate dehydrogenase 160 1U/L

Na 137 mEg/L

K 4.3 mEg/L

@ 104 mEqg/L

NT-proBNP 40,998 pg/mL

2.2 mlL/min/1.73m?

I9G 1760 mg/dL
IgA 235 mg/dL

IgM 71 mg/dL
CH50 60 U/mL

a 82 mg/dL

Cc4 33 mg/dL
C-reactive protein 7.11 mg/dL
Antinuclear antibody x 80

Anti-DNA antibody 1.81U/mL (< 9.0)
MPO-ANCA 1.0U/mL (<34)
PR3-ANCA 1.0U/mL (<34)

Anti-GBM antibody

3500 U/mL £ (< 3)

Cryoglobulin Positive
HBs antigen Negative
HCV antibody Negative

GFR glomerular filtration rate, MPO-ANCA myeloperoxidase-anti-neutrophil
cytoplasmic antibody, PR3-ANCA proteinase 3-anti-neutrophil cytoplasmic
antibody, GBM glomerular basement membrane, HBs hepatitis B surface
antigen, HCV hepatitis C virus. The values in the parentheses show the
normal range

showed cardiomegaly, bilateral pleural effusion, intersti-
tial changes at the base of the lungs, esophageal hernia-
tion, and slightly atrophic kidneys (Fig. 1b). She was
diagnosed with rapidly progressive glomerulonephritis
due to anti-GBM disease.

Following the clinical decision-making process with
her and her family members, we chose not to perform
immunosuppressive therapy and plasmapheresis for her
anti-GBM disease because the risk of death caused by
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right ventricle; LV, left ventricle; LA, left atrium; Ao, aorta

Fig. 1 Image findings after admission. a Chest X-ray (posteroanterior erect view) showing pleural effusion and cardiomegaly. b Computed
tomography showing slightly atrophic kidneys. ¢ Echocardiogram (parasternal long-axis view) showing severe calcific aortic stenosis (arrow). RV,

severe infection outweighed the benefits of treatment.
She initiated intermittent HD due to anuria at the right
internal jugular vein using a venous catheter on the 3rd
day after admission. She could undergo HD well with a
dialyzer (membrane surface area of 1.0 m? ultrafiltration
rate of 37 mL/h/mmHg, and blood flow rate of 100 to
150 mL during HD).

Doppler echocardiography after an HD session dem-
onstrated a low flow (peak jet velocity of 3.5 m/s, systolic
volume index 34 mL/m?/1.73 m* body surface area), a
low gradient (mean pressure gradient 24 mmHg), aortic
valve stenosis (aortic valve area 0.56 cm?), and reduced
left ventricular ejection fraction (LVEF 46%) (Fig. 1c).
Therefore, she was diagnosed with classic low flow, low
gradient severe AS.

We considered that she had a substantial risk for car-
diac decompensation after AVF creation for dialysis.
Since her family claimed that it was difficult to support
her appropriately, peritoneal dialysis could not be per-
formed in the patient. In such cases, HD access, such as
a permanent central catheter or arterial superficializa-
tion, might be preferable. However, although the patient
was very old, she did not have dementia or malignancy
and could walk in her house. Therefore, after another
decision-making process, we chose to perform TAVI as
a treatment for heart failure to create AVF. Coronary
angiography before TAVI revealed 75% stenosis in the
mid-left anterior descending coronary artery. She under-
went TAVI under general anesthesia on the 42nd day
after admission. A transcatheter heart valve (The Ed-
wards Sapien3 23 mm) was implanted via the transfe-
moral approach without any major complications.
Doppler echocardiography after an HD session showed a
slightly increased LVEF of 49%. The echocardiographic
data upon admission and after TAVI are shown in
Table 2. Eleven days after TAVI, she complained of

breathlessness and showed hypotension due to bradycar-
dia with an advanced atrioventricular (AV) block (3:1 or
4:1 conduction ratio) (Fig. 2). A MicraTranscathether
Pacing System® (Medtronic, Minneapolis, MN, USA) for
AV block was implanted in the right ventricle by using a
femoral percutaneous approach. AVF for dialysis was
successfully constructed in the left elbow 22 days after
TAVI because of superficial venous stenosis in the fore-
arm. Twenty-two days after AVF creation, she began to
undergo HD with a blood flow rate of 150 mL/min for 3
h via AVF. The NT-proBNP levels 11 days before and 7
days after TAVI were 63,579 pg/mL and 110,427 pg/mL,
respectively. The NT-proBNP level did not decrease in
the short term after TAVI. Although the titers of anti-
GBM antibody were maintained at approximately 300 U/
mL during the length of stay, the level of C-reactive pro-
tein was decreased to 0.24 mg/dL just before TAVI, and
pulmonary hemorrhage did not occur throughout her
clinical course. Eleven months after TAVI, she under-
went maintenance HD well in another hospital.

Discussion

Our patient showed deteriorating renal function and the
presence of serum anti-GBM antibody. Therefore, she
was diagnosed with anti-GBM disease on CKD. To our
knowledge, our patient, a 91-year-old woman, was the
oldest patient at the onset of anti-GBM disease de-
scribed in the English literature. Prior to our patient, the
oldest reported patient in the English literature was a
90-year-old woman [6]. The current recommendation
for the treatment of anti-GBM disease is the early intro-
duction of immunosuppressants and plasmapheresis [7].
However, recovery of renal function rarely occurs in pa-
tients with advanced stages of anti-GBM disease at pres-
entation, where predictors of dialysis dependence, such
as oliguria, requiring HD and a high percentage of
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Table 2 Echocardiographic data before and after TAVI

27 days before 19 days after
TAVI TAVI
EF (%) 46 49
Aortic jet velocity (m/second) 35 2.58
Mean pressure gradient (mmHg) 24 18
Aortic valve area (AVA) (cm?) 056 1.06
Indexed AVA (cm?/m?) 039 0.75

crescent formation have been observed [8-10]. In this
poor outcome group, especially in those without pul-
monary hemorrhage, the risks of treatment may far out-
weigh the benefits [11]. Based on these findings, our
patient began to undergo HD using a venous catheter
for renal indication without immunosuppressant therapy
and plasmapheresis.

AVF and arteriovenous grafts are considered the opti-
mal choices for HD access in patients who initiate and
maintain permanent HD. However, excessive cardiac
burden due to AVF must be considered in patients with
severely impaired cardiac function [12].

A survey of international surgeons reported that
based on the surgeons’ preferences, the absolute con-
traindications to AVF creation included a patient life
expectancy < 1year, an LVEF <15%, and a history of
dementia, while 42% of surgeons reported no absolute
contraindications [13]. Patients with a significant re-
duction in systolic function (LVEF <30%) are re-
ported to be candidates for tunneled catheter
placement to start HD treatment [14]. It has been re-
ported that the potential effect of AVF creation is the
increase in cardiac output (CO) due to a left-to-right
extracardiac shunt, resulting in acute or subacute
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decompensation in patients with substantial AS who
have minimal symptoms before AVF creation [2]. We
considered that our patient had a high risk for AVF
creation; thus, we decided to postpone AVF creation
until the patient underwent TAVL

Recently, TAVI has evolved as the treatment of choice
in high-risk patients with severe AS. Although TAVI is a
less invasive treatment than aortic valve replacement,
TAVT itself has several risks, such as hemorrhage with vas-
cular damage, embolic stroke, severe conduction abnor-
malities with left bundle branch block, or complete AV
block, paravalvular leakage, and infective endocarditis
[15]. However, the relative survival after TAVI is high, and
survival rates in those aged > 85 years are approximately
those of a matched general population within 3 years [3].
TAVI does not seem to bear an increased risk for patients
with CKD stage G3-5 [4]. Satisfactory early results have
been achieved with TAVI in Japanese dialysis patients
with a high surgical risk [16]. TAVI is feasible not only in
patients with CKD stage G5D but also in kidney trans-
plant recipients [5]. However, depending on the pros-
thesis, 8.5 to 25.9% of patients undergoing TAVI require a
permanent pacemaker within 30 days after the procedure
[17]. Our patient had AV block as a possible complication
of TAVI, which could be managed by a leadless cardiac
pacemaker. AVF for dialysis could be safely created, and
the patient could undergo maintenance HD via AVF.

Mini review

The impact of AVF on AS

AVF is associated with low infection and mortality rates
as well as a low cost and hence has become the vascular
access of choice for patients needing HD [18]. However,
AVF creation has significant effects on cardiac functions

Fig. 2 Sequential electrocardiogram changes before and after TAVI. a Normal sinus rhythm 12 days before TAVI. b Bradycardia with an advanced
atrioventricular block on the ECG monitor 11 days after TAVI. ¢ After implant A MicraTranscathether Pacing System. Settings VWI 40 ppm back

up pacing
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Table 3 A summary of studies examining the outcomes of transcatheter aortic valve implantation (TAVI) or transcatheter aortic

valve replacement (TAVR) in dialysis patients

Study/country Design N* Mean age = SD  Short-term outcome (%) Long-term outcome (%)  Reference

Szerlip M et al. 2019/USA Prospective 3053 76 In-hospital mortality (5.1) [25]
1-year mortality (36.8)

Schymik et al. 2019/Germany Prospective 56 766+ 64 Perioperative mortality (10.7) 3-year survival (26.8) [23]
1-year survival (57.1)

Al-Rashid et al. 2017/Germany  Retrospective 22 79+5 30-day mortality (4.5) 2-year mortality (53) [5]

Bhatia et al. 2017/USA Retrospective 1708 753 +99 In-hospital mortality (8.2) [26]

Szerlip et al. 2016/USA Retrospective 43 762+ 11 Operative mortality (14) 6-month [27]
mortality (25.6)

Maeda et al. 2015/Japan Prospective 17 767 +5 1-year overall mortality (0) [16]

Dumonteil et al. 2013/France,  Retrospective 33 761+73 30-day all-cause mortality (15.2) [28]

the Netherlands, Italy 1-year survival (54.8)

Rau et al. 2012/Germany Retrospective 10 723+ 64 30-day overall mortality (0) [29]

*Number of dialysis patients. Only dialysis patients were depicted from each study

predominantly related to the increase in preload and CO
in the setting of preexisting heart disease, such as AS
[2]. There seems to be two major effects of AVF on pa-
tients with severe AS: (1) worsening heart failure after
AVF creation should be considered. There has only been
one case report in the English literature, where the
increase in CO associated with AVF creation resulted
in acute severe heart failure in the patient with nor-
mal ventricular function but severe AS who had no
symptoms prior to AVF creation [19]. Accordingly,
patients with severe AS may have alternative choices
of tunneled central catheter placement/arterial super-
ficialization for vascular access or performing periton-
eal dialysis. The efficacy of TAVI on AVF creation to
avoid cardiac decompensation, as in our case, has not
been reported in patients with severe AS. (2) The co-
existence of severe AS and AVF may largely affect
the assessment of the severity of AS in dialysis pa-
tients. It has been reported that manual compression
of AVF can induce significant alterations in transvalv-
ular flow rates and valvulo-arterial impedance that in-
fluence the grading of stenosis severity [20].

The impact of TAVI in dialysis patients

To our knowledge, there is no English literature about
the impact of TAVI carried out immediately after HD
introduction using venous catheters in patients with
acute kidney injury or rapidly progressive glomerulo-
nephritis, as in our case. However, the hemodynamics in
our patient might have been similar to those in mainten-
ance dialysis patients with severe AS. The higher preva-
lence and quicker progression of AS are known in
maintenance dialysis patients compared with the general
population [21, 22], and end-stage kidney disease with
dialysis affects approximately 2 to 4% of patients with se-
vere AS [23]. After the appearance of symptoms, severe
AS is associated with a high rate of death if patients are

left untreated [24]. At present, aortic valve replacement
is the only definitive treatment for chronic HD patients
with severe AS in Japan. However, there are an increas-
ing number of studies about the impact of TAVI in
chronic dialysis patients with severe AS who are unable
to undergo safe open surgical therapy. A summary of
studies on the outcomes of TAVI or transcatheter aortic
valve replacement (TAVR) in chronic HD patients is
provided in Table 3. Unfortunately, there is no informa-
tion as to whether patients underwent HD via an AVF/
arteriovenous graft, a tunneled central catheter or arter-
ial superficialization in the studies. The mortality rates
in the short-term (30days/1year) and long-term (2
years/3 years) periods after TAVI are 0 to 15.2%/0 to
45.2% and 53%/73.2%, respectively [5, 15, 23, 25-29]. At
present, the Japanese healthcare system does not reim-
burse TAVI for dialysis patients. A clinical trial of TAVI
in dialysis patients (JAPAN) (ClinicalTrials.gov Identifier:
NCT02903420) that evaluates the safety and effective-
ness of the Edwards SAPIEN 3 Transcatheter Hear Valve
System for the treatment of symptomatic severe AS pa-
tients on chronic dialysis is currently ongoing. One of
the inclusion criteria of the clinical trial is that “patient
has been on dialysis (hemodialysis or peritoneal dialysis)
in stable condition for >3 months.” Our patient was an
acute, unstable dialysis patient who entered the exclu-
sion criteria of the trial.

Conclusions
TAVI is safe and beneficial for the creation of AVF
shortly after initiating acute HD using a dialysis catheter
before undergoing maintenance HD in a very old patient
with rapidly progressive glomerulonephritis due to anti-
GBM disease.

Abbreviations
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