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Abstract

Background: Transcatheter aortic valve replacement (TAVR) is now regarded as a viable treatment option for
all cases of severe aortic stenosis (AS). Acute kidney injury (AKI) is common and lowers the survival of
patients after TAVR and iodine-based contrast-induced nephropathy (CIN) plays a significant adverse role in
AKI. Therefore, in chronic kidney disease (CKD) patients requiring pre-operative evaluation for TAVR, the
risk of CIN is of particular concern.

Methods: It was a single-center study including eight CKD patients who underwent pre-operative evaluation
for TAVR with minimized contrast exposure by means of pre-operative contrast-sparing evaluation and
intra-operative contrast minimization. All patients had glomerular filtration rate (eGFR) calculated before
TAVR and on a follow-up about one month and one year post-operatively to document the impact of this
TAVR protocol on prognosis of kidney function in patients with advanced CKD.

Results: New York Heart Association (NYHA) functional classification demonstrated significant
improvement of symptomatology (p = 0.0001) by one-year post-TAVR. Patients’ mean AS gradient was
significantly improved (p = 0.00004) after the TAVR procedure. No significant post-operative paravalvular
aortic regurgitation was noted on follow up echocardiogram. eGFR data showed mean eGFR for the group

was slightly better (27.38 ml/min/per 1.73 m2BSA vs. 30.38 ml/min/per 1.73 m%BSA) after TAVR.

Conclusions: “Contrast frugal” approach is feasible and safe for pre-TAVR evaluation and the procedure
itself. Our pilot study showed no significant paravalvular leak of the prosthetic valve following this proposed
protocol. No statistically significant decrease in eGFR was noted on a one-year follow-up.

Categories: Cardiology, Internal Medicine, Nephrology
Keywords: aortic stenosis, transcatheter aortic valve replacement, acute kidney injury, contrast induced
nephropathy, chronic kidney disease

Introduction

Transcatheter aortic valve replacement (TAVR) has now emerged as a viable treatment option for all cases of
severe aortic stenosis (AS), including patients who are considered otherwise low risk for surgical aortic valve
replacement (SAVR) [1]. Despite encouraging published outcomes, acute kidney injury (AKI) is common and
lowers the survival of patients after TAVR [2,3]. The pathogenesis of AKI after TAVR is multifactorial
including TAVR-specific factors such as the use of iodine-based intravenous contrast dye agents,
hypotension during rapid pacing, and embolization; preventive measures may include pre-procedural
hydration, limitation of contrast dye exposure, and avoidance of intraprocedural hypotension. In recent
years, the number of TAVRs performed worldwide has been increasing, as well as published data on renal
perspectives of TAVR. The TAVR is a complex procedure, and its timely planning is crucial. If not planned
appropriately, there are major complications that can occur, even mortality, e.g., significant paravalvular
leak, valve embolization, annular rupture, coronary occlusion, conduction disturbance, etc. Even rare
complications like strut inversion in the background of calcium spur have been reported [4]. The purpose of
this paper is to establish the concept of contrast frugal technique that can be done safely without any
significant complication.

Prevalence of AS increases with age: at the rate of 1.3% in patients between 65 and 74 years, and 2.8% to
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4.6% in patients >75 years of age [5,6]. The number of patients with AS in the United States continues to rise
over time due to the aging population making AS a significant healthcare burden [6,7]. Without treatment,
these patients have a poor prognosis with 50% mortality in the first two years after diagnosis [8]. In the past,
SAVR used to be considered the gold standard treatment for severe symptomatic AS [9,10]. The TAVR has
now established itself as an effective alternative to traditional SAVR irrespective of the patient’s risk profile
or co-morbidities provided there is no technical contraindication for TAVR [1,11-13]. Typically, previous
clinical TAVR trials have excluded advanced chronic kidney disease (CKD) patients; however, when
comparing both TAVR and SAVR in this population, TAVR may be preferable for less likelihood of
hemodynamic instability, peri-anesthetic complications, and post-surgical complications. Nevertheless, AKI
remains an important post-SAVR and post-TAVR complication, particularly in patients with high
comorbidities [14]. The preoperative presence of CKD has been identified as an independent risk factor for
developing AKI and is associated with increased length of stay in the hospital and mortality [15,16].

The standard pre-operative workup for TAVR is extensive and involves a significant amount of intravenous
iodine-based contrast dye (IVD) use. Using contrast may further deteriorate the renal function of patients
with pre-existing advanced CKD. To improve the usefulness of the TAVR procedure in advanced CKD
patients far beyond SAVR, minimizing the risk of worsening renal function may play a vital role and may
translate into improved mortality and morbidity as CKD has been established as an important risk factor of
poor outcome. We hereby present a modified pre-procedure evaluation strategy for TAVR that involves
minimal exposure to IVD in a small case series of TAVR cases from our center.

Background
TAVR Trials

The most commonly discussed TAVR trials were conducted by the placement of aortic transcatheter valves
(PARTNER) investigators. In 2010, data from this multicenter, randomized clinical trial showed the
significance of transcatheter aortic-valve implantation (TAVI) for aortic stenosis in patients who cannot
undergo surgery [17]. This study demonstrated decreased mortality and repeat hospitalization at one year in
patients undergoing TAVR compared to patients undergoing medical therapy alone. The PARTNER
investigators in subsequent publications investigated the role of TAVR as a promising option for high-risk
surgical patients requiring SAVR. This trial demonstrated non-inferiority to SAVR and a 2% decrease in all-
cause mortality in TAVR patients at one year compared to SAVR [18]. An additional trial named PARTNER 2,
published in 2016, further supported the non-inferiority of TAVR to SAVR in intermediate surgical risk
patients [19].

The TAVR as a procedure has been evolving to become the alternative standard of care for patients with
severe AS. However, patients with CKD remain a challenge in the context of work-up and perioperative
risks. The PARTNER cohorts A and B excluded patients with creatinine >3.0 or those undergoing renal
replacement therapy (RRT) [17,18]. Similarly, the CoreValve trial excluded patients with end-stage renal
disease or a creatinine clearance of <20 cc/minute, due to the need for contrast administration [20].
However, it is well recognized that TAVR outcomes are significantly related to pre-procedural kidney
function and changes in kidney function after TAVR have a significant impact on mortality. The AKI after
TAVR is associated with increased morbidity and mortality [21].

TAVR in Patients With CKD

There have been studies focused on the incidence of RRT following TAVR and the association of CKD with
TAVR outcomes. One retrospective study utilized the Centers for Medicare and Medicaid database to identify
patients who underwent TAVR between November 2011 and September 2015 [22]. The study evaluated the
incidence of RRT following TAVR, in this population. A significant association of increased mortality was
found in patients with low pre-procedural glomerular filtration rate (GFR) (<60 ml/min/&) and in patients
requiring new RRT following TAVR [22]. Another study demonstrated that increased mortality was
associated with new dialysis following TAVR but it also reported a decreasing proportion of TAVR patients
requiring dialysis post-procedure. This proportion decreased from 6.1% between 2007 and 2008 to 2.3% in
2013 and 2014. Additionally, the study reported that the risk of new dialysis was found to be independently
associated with moderate-to-severe aortic regurgitation post-procedure, the year of the procedure, lower
baseline renal function, and diabetes [23].

Overall, patients undergoing the TAVR procedure have a higher risk of post-procedural complications,
morbidity (AKI and need for RRT), and mortality in cases of advanced pre-procedural CKD. Unfortunately,
there has been no noteworthy research on how to minimize the decline of renal function in CKD patients
requiring TAVR procedures.

Current Standard Pre-procedural Work-Up Guidelines for TAVR
The current guidelines provided by the 2017 Expert Consensus for TAVR recommend three primary imaging

modalities for patients preoperatively: coronary angiography, electrocardiogram-gated CT of the aortic root

2022 Bose et al. Cureus 14(12): €32878. DOI 10.7759/cureus.32878 20of9



Cureus

and annulus, and a non-gated CT of the chest, abdomen, and pelvis [24]. Coronary angiography is
recommended due to the high incidence of coronary artery disease in patients undergoing TAVR (40% to
75%). The long-term clinical benefits of elective revascularization before TAVR are unclear at this time and
not routinely performed [25]. A multidetector CT (MDCT) is the current standard for aortic valve evaluation,
providing information concerning annular sizing, aortic root sizing, and procedure planning. For sufficient
visualization using this method, 80 mL to 120 mL of low-osmolar iodinated contrast is typically utilized,
carrying a significant risk for nephrotoxicity. In patients in whom iodinated contrast is contraindicated,
alternative imaging including a transesophageal echocardiogram (TEE) for valve sizing and MRI for vascular
access, are recommended, but these modalities are highly dependent on local expertise and more often
require multimodality integration.

Lastly, another CT imaging involving the major thoracic arterial system, carotids, thoracoabdominal aorta,
and iliofemoral vasculature, is recommended for the planning of vascular access [24].

High Risk of AKI With Standard Pre-TAVR Workup

Conventionally, contrast-induced nephropathy (CIN) is defined as a serum creatinine increase of >25% from
baseline (>0.5 mg/dL) in the 48 to 72 hours following the procedure with additional sources of renal
dysfunction having been ruled out. The exact mechanism of CIN is unclear; although, it is thought to be a
combination of direct renal tubular toxicity and renal medullary hypoxia due to increased perivascular
hydrostatic pressure along with direct tubular obstruction [26]. Contrast-induced nephropathy is known to
be associated with contrast CT imaging and coronary angiography independently, and the need for multiple
contrast-exposure events to evaluate the peripheral vasculature, coronary structure, and replacement valve
apparatus sizing, inevitably increases that risk. Diabetes mellitus or atrial fibrillation, both common
comorbidity in older patients with cardiovascular issues, can also increase the risk of CIN in such

patients [27]. The risk of renal function impairment associated with any iodinated contrast using
radiological procedures in the general population is relatively low at 0.6% to 2.3 %. However, it can be
significantly high in selected patient subsets (up to 20%), mainly in patients with underlying cardiovascular
disease and CKD [28]. Some studies have even claimed that it can be as high as 50% in high-risk patients
with co-morbidities as mentioned above [29]. Therefore, in CKD patients requiring pre-operative evaluation
for TAVR, the risk of CIN is of particular concern due to the increased risk of CIN in patients with pre-
existing CKD, advanced age, and other relevant comorbidities.

Materials And Methods
A proposed protocol for CKD patients requiring evaluation for TAVR

We utilized, in our single-center study approved by the Centra Health Institute Review Board (approval no.
CHIRB0415), a new protocol for patients undergoing pre-operative evaluation for TAVR. This protocol
minimizes contrast exposure in CKD patients requiring TAVR by means of two contrast-sparing steps: pre-
operative contrast-sparing evaluation and intra-operative contrast minimization.

The preoperative step included limited coronary angiography, a non-contrast gated CT/MRI of the thoracic
aorta, and a carbon dioxide (CO,) angiogram of the iliac vessels and abdominal aorta (below the level of the

diaphragm) (Figure 7) with three-dimensional (3D) trans-esophageal echocardiogram (TEE) for valve sizing
(Figure 2).
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FIGURE 1: Arrows showing patent blood circulation through aortic
branches
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AA diameter 22.7 mm

AA max diameter 24.1 mm
AA min diameter  21.2 mm
AA circumference  71.2 mm

AA area 4.0 cm2
=

FIGURE 2: Transesophageal echocardiogram TAVR Sizing

TAVR: Transcatheter aortic valve replacement

In several cases, the peripheral vascular access exam was supplemented with intravascular ultrasound
(IVUS). The recommended standard evaluation was followed and included the following: pulmonary
function testing, carotid doppler, and preoperative dental examination.

The intraoperative step utilized a two-pigtail method with placement in the non-coronary and left coronary
cusps. This was used to obtain the coplanar angle and determine valve positioning. A recapturable Evolut R
(Medtronic Inc., Minneapolis, MN, USA) valve was then deployed under TEE guidance with minimal use of
fluoroscopy.

The other standard protocol which was followed included holding metformin, angiotensin-converting
enzyme, and angiotensin receptor blocker on the day of the procedure and the following day. Unless the
patient has a very low ejection fraction (like our patient in Case 1), as per American Heart Association
recommendations, pre-hydration with isotonic normal saline at 1 ml/kg/hr was done for three hours before
and for six hours after the procedure [30].

The following eight cases include patients with symptomatic, severe AS. These patients required TAVR while
having CKD stage III (GFR 30-60) or IV (GFR 15-30). The cut-off for GFR was 15. The post-procedural
outcomes of renal function and aortic valve hemodynamics are discussed. Albeit the number of cases being
low for any type of study, a well-researched study has demonstrated that the number needed to treat (NNT)
in TAVR literature is five only as per the landmark PARTNER trial [17]. Therefore, our cohort is of reasonable
size as proof of concept to evaluate the idea of a contrast frugal approach in CKD patients to minimize
kidney injury for TAVR. Note, this is a proof of concept only and we suggest that randomized controlled
trials with larger cohorts be conducted in the future.

In order to measure clinical improvement or compare pre-TAVR versus post-TAVR status, we decided to look
into validated clinical parameters. We checked the New York Heart Association (NYHA) functional
classification for symptom improvement and the Kansas City Cardiomyopathy Questionnaire (KCCQ) for
assessment of the quality of life. Mean AS gradient pre and post-TAVR by means of transthoracic
echocardiogram (TTE) demonstrated objective evidence of the degree of transvalvular flow improvement.
Paravalvular aortic regurgitation was measured with TTE postoperatively to ascertain the valvular integrity
and optimum placement. Left ventricular ejection fraction (LVEF) was measured pre and post-TAVR as a
marker of overall or global cardiac function. When mentioned as a range (eg., 50% to 60%), the middle point
of the range was taken as the LVEF (eg., 55%). All patients had eGFR calculated based on their age, ethnicity,
and serum creatinine before TAVR and on a follow-up about one month and one year postoperatively in
order to document the baseline renal function and short-term or long-term impact of this TAVR protocol on
the prognosis of kidney function in patients with advanced CKD. In our cohort, there was zero contrast
intraoperatively, COy angiography was performed for the iliofemoral system, and IVUS was used for trans-

axillary access (when needed). Preoperatively, non-contrast planning CT, TEE, and CO, angiography of the

iliofemoral system were used. Coronary angiography was performed using less than 20 ccs of contrast in
every case.
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Characteristics
Age

Sex

Race

Baseline eGFR
Diabetes mellitus
Previous CABG
Previous pacemaker
Smoking history
Hypertension

Atrial fibrillation

Results

Our pilot study enrolled a total of eight patients. Basic demographic and clinical information about the
participants is presented in Table 1.

Indices Numbers ( percentage)
73.75 £ 10.39
Female 2 (25%)
Black 1(12.5%)
mi/min/1.73 m? BSA 27.38 £8.72
Yes 5 (62.5%)
Yes 1(12.5%)
Yes 2 (25%)
Current tobacco smoker None
Yes 8 (100%)
Yes 4 (50%)

TABLE 1: Patient characteristics

eGFR: estimated glomerular filtration rate; BSA: Body surface area; CABG: Coronary artery bypass grafting

All except one patient were >65 years old and the mean age of the group was about 74. The participants were
predominantly male (75%) and Caucasian (87.5%) with a significant prevalence of diabetes mellitus (62.5%)
and hypertension (100%). None of the patients was an active current smoker. There were two patients with
previous permanent pacemakers and one with a history of coronary artery bypass graft (CABG) surgery. Half
of the patients had atrial fibrillation. The majority of our participants (75%) had advanced CKD stage 4 with

eGFR between 15 and 29 ml/min/per 1.73 m® body surface area (BSA) and two participants were CKD stage

3B or close (eGFR 30-45 ml/min/per 1.73 m? BSA). The eGFR was calculated based on modification of diet in
renal disease (MDRD) calculation used to measure renal function.

The New York Heart Association functional classification demonstrated statistically significant
improvement in symptomatology (p=0.0001) by the one-year mark post-TAVR. Although the KCCQ scores
were noted to be overall improved pre to post-TAVR, the numerical improvement did not reach statistical
significance to suggest a definite improvement in quality of life. As would be expected, patients’ mean aortic
stenosis gradient was significantly improved (p=0.00004) after the TAVR procedure. No significant post-
operative paravalvular aortic regurgitation was noted on follow-up TTE. There was no statistically
significant difference noted in LVEF when comparing pre and postoperative TTE data. The eGFR data
showed no clear pattern in relation to the TAVR procedure, however, the mean eGFR for the group was

slightly better (27.38 ml/min/per 1.73 m?2 BSA Vs 30.38 ml/min/per 1.73 m2 BSA) after TAVR. This
observation was not statistically significant. The cardiovascular and renal outcomes pre and post-TAVR are
outlined in Table 2.
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Participants' parameters

NYHA level

LVEF

Mean Aortic Stenosis Gradient
Values

Paravalvular Regurgitation (0-4)

KCCQ

eGFR

Pre-TAVR
Post-1 year
Pre-TAVR
Post- 1 month
Post- 1 year
Pre-TAVR
Post- 1 month
Post- 1 year
Post- 1 month
Pre-TAVR
Post- 1 year
Pre-TAVR
Post- 1 month

Post- 1 year

25

55

55

32

N/A

N/A

N/A

65

65

65

66

14

54

57

24

15

35

35

55

48

33

34

31

40

48

60

60

60

49

25

62

28

37

26

65

55

55

45

18

18

17

31

26

32

23

60

60

60

40

31

38

27

27

39

60

60

65

44

25

18

42

N/A

46

50

59

65

65

65

56

14

N/A

41

19

16

20

p-value (Pre-TAVR vs 1 year)

0.0001

0.26

0.00004

0.13

0.45

TABLE 2: Cardiovascular and renal parameters pre and post-TAVR procedure

NYHA: New York Heart Association; TAVR: Transcatheter aortic valve replacement; LVEF: Left ventricular ejection fraction; KCCQ: Kansas City
Cardiomyopathy Questionnaire; eGFR: Estimated glomerular filtration rate; N/A: Not applicable

Discussion

Our goal is to show that our “minimal-IV dye” protocol yields the same expected cardiac outcome (LVEF,
paravalvular leak, KCCQ) but preserved or ensured a better renal outcome (no statistically significant decline
in eGFR and rather better eGFR post-TAVR due to postulated better cardiac output after valve surgery). The
results of our pilot study are summarized in Table 3.

Salient findings

following this proposed protocol of pre-procedure evaluation.

The “contrast frugal” approach is feasible and safe. There was no significant paravalvular leak or misplacement of the prosthetic valve

2 There was a statistically significant improvement in symptoms by one-year post-TAVR (as per the NYHA classification)

3 Slightly better mean eGFR in the post-TAVR period on one-year follow-up (though not statistically significant)

4 No statistical improvement in LVEF in the pre and post-TAVR group

5 The mean aortic stenosis gradient improved significantly after the procedure

TABLE 3: Study highlights

LVEF: Left Ventricular Ejection Fraction; TAVR: Transcatheter aortic valve replacement; TAVT: Transcatheter aortic valve replacement ' eGFR: estimated
glomerular filtration rate; NYHA: New York Heart Association

As we have described earlier, TAVR is expected to be more prevalent in the future and it is currently
considered the standard of care for more and more patients, including those with CKD. This approach will
help preserve renal function, especially for those with advanced CKD (stages 3b, 4, and 5), and at the same
time allow the very essential heart-saving surgery for better patient outcomes. Although iso-osmolar or low
osmolar dye is postulated to be better choices for renal protection, it still carries a significant risk of

CIN [31]. It is known that mortality rates are higher in patients requiring new dialysis after TAVR [23]. In our
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pilot study, we demonstrated that by lowering the contrast exposure, we would not compromise the
cardiovascular outcome of the patients while maintaining the integrity of renal function, one year after the
procedure. Our minimal dye exposure technique could be applied to a larger population of CKD patients in
an attempt to prevent CKD progression and end-stage renal disease. The medicare expenses of the USA for
renal failure patients are significantly high already [32], and by mitigating the risk factors of CIN for TAVR,
we could lower the cost burden of dialysis patients and attempt to reduce the huge financial expenses
incurred from the premature need for dialysis.

Study limitations

Our patient population was very small and included only eight patients which is not an ideal representation
of the CKD population. The improvement in eGFR cannot be concluded for certain in the general population
unless a much bigger study is conducted. The age of the patients was older and does not represent the
younger population. Due to decreased sample size, we could not gather enough female patients or other
racial background populations hence this study outcome needs to be tested in a more diverse population
setting through a larger multi-center study. The follow-up period was limited to only one year and a longer
follow-up is needed to assess long-term renal outcomes.

Conclusions

The "contrast frugal” approach is feasible and safe for pre-TAVR evaluation and the procedure itself. Our
pilot study showed no significant paravalvular leak of the prosthetic valve following this proposed protocol.
No statistically significant decrease in eGFR was noted on a one-year follow-up. This could be a safer option
in moderate to severe aortic stenosis patients at risk of worsening renal function. More studies need to be
done on this approach to help preserve kidney function in the long run.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Centra Health Institute
Review Board issued approval CHIRB0415. Animal subjects: All authors have confirmed that this study did
not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1. FDA expands indication for several transcatheter heart valves to patients at low risk for death or major
complications associated with open-heart surgery | FDA. (2019). Accessed: September 09,2022:
https://www.fda.gov/news-events/press-announcements/fda-expands-indication-several-transcatheter-
heart-valves-patient....

2. Scherner M, Wahlers T: Acute kidney injury after transcatheter aortic valve implantation . ] Thorac Dis.
2015, 7:1527-1535. 10.3978/j.issn.2072-1439.2015.06.14

3. Thongprayoon C, Cheungpasitporn W, Srivali N, Ungprasert P, Kittanamongkolchai W, Greason KL, Kashani
KB: Acute kidney injury after transcatheter aortic valve replacement: a systematic review and meta-analysis .
Am | Nephrol. 2015, 41:372-382. 10.1159/000431337

4. Batta A, Satish S, Rajan A, Sonawane A, Sihag BK, Barwad P: Strut inversion during valve-in-valve
transcatheter aortic valve replacement: an unknown complication?. JACC Case Rep. 2022, 4:460-463.
10.1016/j.jaccas.2021.12.015

5. Iung B, Vahanian A: Epidemiology of acquired valvular heart disease . Can ] Cardiol. 2014, 30:962-970.
10.1016/j.cjca.2014.03.022

6. Nkomo VT, Gardin JM, Skelton TN, Gottdiener JS, Scott CG, Enriquez-Sarano M: Burden of valvular heart
diseases: a population-based study. Lancet. 2006, 368:1005-1011. 10.1016/S0140-673%6(06)69208-8

7. Eveborn GW, Schirmer H, Heggelund G, Lunde P, Rasmussen K: The evolving epidemiology of valvular aortic
stenosis: the Tromsg study. Heart. 2013, 99:396-400. 10.1136/heartjnl-2012-302265

8. Mangieri A, Regazzoli D, Ruparelia N, Colombo A, Latib A: Recent advances in transcatheter aortic valve
replacement for high-risk patients. Expert Rev Cardiovasc Ther. 2015, 13:1237-1249.
10.1586/14779072.2015.1093935

9. Brown JM, O'Brien SM, Wu C, Sikora JA, Griffith BP, Gammie JS: Isolated aortic valve replacement in North
America comprising 108,687 patients in 10 years: changes in risks, valve types, and outcomes in the Society
of Thoracic Surgeons National Database. ] Thorac Cardiovasc Surg. 2009, 137:82-90.
10.1016/j.jtcvs.2008.08.015

10.  Nishimura RA, Otto CM, Bonow RO, et al.: 2014 AHA/ACC guideline for the management of patients with
valvular heart disease: executive summary: a report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines. Circulation. 2014, 129:2440-2492.
10.1161/CIR.0000000000000029

11. Kapadia SR, Leon MB, Makkar RR, et al.: 5-year outcomes of transcatheter aortic valve replacement

2022 Bose et al. Cureus 14(12): €32878. DOI 10.7759/cureus.32878 8of9


https://www.fda.gov/news-events/press-announcements/fda-expands-indication-several-transcatheter-heart-valves-patients-low-risk-death-or-major
https://www.fda.gov/news-events/press-announcements/fda-expands-indication-several-transcatheter-heart-valves-patients-low-risk-death-or-major
https://dx.doi.org/10.3978/j.issn.2072-1439.2015.06.14
https://dx.doi.org/10.3978/j.issn.2072-1439.2015.06.14
https://dx.doi.org/10.1159/000431337
https://dx.doi.org/10.1159/000431337
https://dx.doi.org/10.1016/j.jaccas.2021.12.015
https://dx.doi.org/10.1016/j.jaccas.2021.12.015
https://dx.doi.org/10.1016/j.cjca.2014.03.022
https://dx.doi.org/10.1016/j.cjca.2014.03.022
https://dx.doi.org/10.1016/S0140-6736(06)69208-8
https://dx.doi.org/10.1016/S0140-6736(06)69208-8
https://dx.doi.org/10.1136/heartjnl-2012-302265
https://dx.doi.org/10.1136/heartjnl-2012-302265
https://dx.doi.org/10.1586/14779072.2015.1093935
https://dx.doi.org/10.1586/14779072.2015.1093935
https://dx.doi.org/10.1016/j.jtcvs.2008.08.015
https://dx.doi.org/10.1016/j.jtcvs.2008.08.015
https://dx.doi.org/10.1161/CIR.0000000000000029
https://dx.doi.org/10.1161/CIR.0000000000000029

Cureus

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

compared with standard treatment for patients with inoperable aortic stenosis (PARTNER 1): a randomised
controlled trial. Lancet. 2015, 385:2485-2491. 10.1016/50140-6736(15)60290-2

Mack MJ, Leon MB, Smith CR, et al.: 5-year outcomes of transcatheter aortic valve replacement or surgical
aortic valve replacement for high surgical risk patients with aortic stenosis (PARTNER 1): a randomised
controlled trial. Lancet. 2015, 385:2477-2484. 10.1016/S0140-6736(15)60308-7

Reardon MJ, Van Mieghem NM, Popma J], et al.: Surgical or transcatheter aortic-valve replacement in
intermediate-risk patients. N Engl ] Med. 2017, 376:1321-1331. 10.1056/NEJMoal700456

Elhmidi Y, Bleiziffer S, Deutsch MA, Krane M, Mazzitelli D, Lange R, Piazza N: Acute kidney injury after
transcatheter aortic valve implantation: incidence, predictors and impact on mortality. Arch Cardiovasc Dis.
2014, 107:133-139. 10.1016/j.acvd.2014.01.002

Mohananey D, Griffin BP, Svensson LG, et al.: Comparative outcomes of patients with advanced renal
dysfunction undergoing transcatheter aortic valve replacement in the United States from 2011 to 2014. Circ
Cardiovasc Interv. 2017, 10:e005477. 10.1161/CIRCINTERVENTIONS.117.005477

Thongprayoon C, Cheungpasitporn W, Srivali N, et al.: AKI after transcatheter or surgical aortic valve
replacement. ] Am Soc Nephrol. 2016, 27:1854-1860. 10.1681/ASN.2015050577

Leon MB, Smith CR, Mack M, et al.: Transcatheter aortic-valve implantation for aortic stenosis in patients
who cannot undergo surgery. N Engl ] Med. 2010, 363:1597-1607. 10.1056/NE]Moal008232

Smith CR, Leon MB, Mack MJ, et al.: Transcatheter versus surgical aortic-valve replacement in high-risk
patients. N Engl ] Med. 2011, 364:2187-2198. 10.1056/NE]Moal103510

Leon MB, Smith CR, Mack M], et al.: Transcatheter or surgical aortic-valve replacement in intermediate-risk
patients. N Engl ] Med. 2016, 374:1609-1620. 10.1056/NEJMoal514616

Adams DH, Popma JJ, Reardon MJ, et al.: Transcatheter aortic-valve replacement with a self-expanding
prosthesis. N Engl ] Med. 2014, 370:1790-1798. 10.1056/NEJMoal1400590

Voigtldander L, Schewel ], Martin J, et al.: Impact of kidney function on mortality after transcatheter valve
implantation in patients with severe aortic valvular stenosis. Int ] Cardiol. 2015, 178:275-281.
10.1016/j.ijcard.2014.10.172

Hansen JW, Foy A, Yadav P, et al.: Death and dialysis after transcatheter aortic valve replacement: an
analysis of the STS/ACC TVT registry. JACC Cardiovasc Interv. 2017, 10:2064-2075.
10.1016/j.jcin.2017.09.001

Ferro CJ, Law JP, Doshi SN, et al.: Dialysis following transcatheter aortic valve replacement:

risk factors and outcomes: an analysis from the UK TAVI (Transcatheter Aortic Valve Implantation) registry.
JACC Cardiovasc Interv. 2017, 10:2040-2047. 10.1016/j.jcin.2017.05.020

Otto CM, Kumbhani D], Alexander KP, et al.: 2017 ACC expert consensus decision pathway for transcatheter
aortic valve replacement in the management of adults with aortic stenosis: a report of the American College
of Cardiology Task Force on Clinical Expert Consensus Documents. ] Am Coll Cardiol. 2017, 69:1313-1346.
10.1016/j.jacc.2016.12.006

Kotronias RA, Kwok CS, George S, et al.: Transcatheter aortic valve implantation with or without
percutaneous coronary artery revascularization strategy: a systematic review and meta-analysis. ] Am Heart
Assoc. 2017, 6:€005960. 10.1161/JAHA.117.005960

Gleeson TG, Bulugahapitiya S: Contrast-induced nephropathy. AJR Am ] Roentgenol. 2004, 183:1673-1689.
10.2214/ajr.183.6.01831673

Ashish K, Bandyopadhyay D, Ghosh RK, Tan JL, Bose S: An intriguing relation between atrial fibrillation and
contrast-induced nephropathy. Int ] Cardiol Heart Vasc. 2018, 21:78-79. 10.1016/j.ijcha.2018.10.005
Mehran R, Nikolsky E: Contrast-induced nephropathy: definition, epidemiology, and patients at risk . Kidney
Int Suppl. 2006, 69:S11-S15. 10.1038/5].ki.5000368

Rear R, Bell RM, Hausenloy DJ: Contrast-induced nephropathy following angiography and cardiac
interventions. Heart. 2016, 102:638-648. 10.1136/heartjnl-2014-306962

Levine GN, Bates ER, Blankenship JC, et al.: 2011 ACCF/AHA/SCAI guideline for percutaneous coronary
intervention. A report of the American College of Cardiology Foundation/American Heart Association Task
Force on Practice Guidelines and the Society for Cardiovascular Angiography and Interventions. ] Am Coll
Cardiol. 2011, 58:e44-e122. 10.1016/j.jacc.2011.08.007

McCullough PA, Brown JR: Effects of intra-arterial and intravenous iso-osmolar contrast medium (iodixanol)
on the risk of contrast-induced acute kidney injury: a meta-analysis. Cardiorenal Med. 2011, 1:220-234.
10.1159/000332384

Annual Data Report | USRDS . (2022). Accessed: November 10, 2022: https://usrds-
adr.niddk.nih.gov/2022/end-stage-renal-disease/9-healthcare-expenditures-for-persons-with-esrd.

2022 Bose et al. Cureus 14(12): €32878. DOI 10.7759/cureus.32878

90f9


https://dx.doi.org/10.1016/S0140-6736(15)60290-2
https://dx.doi.org/10.1016/S0140-6736(15)60290-2
https://dx.doi.org/10.1016/S0140-6736(15)60308-7
https://dx.doi.org/10.1016/S0140-6736(15)60308-7
https://dx.doi.org/10.1056/NEJMoa1700456
https://dx.doi.org/10.1056/NEJMoa1700456
https://dx.doi.org/10.1016/j.acvd.2014.01.002
https://dx.doi.org/10.1016/j.acvd.2014.01.002
https://dx.doi.org/10.1161/CIRCINTERVENTIONS.117.005477
https://dx.doi.org/10.1161/CIRCINTERVENTIONS.117.005477
https://dx.doi.org/10.1681/ASN.2015050577
https://dx.doi.org/10.1681/ASN.2015050577
https://dx.doi.org/10.1056/NEJMoa1008232
https://dx.doi.org/10.1056/NEJMoa1008232
https://dx.doi.org/10.1056/NEJMoa1103510
https://dx.doi.org/10.1056/NEJMoa1103510
https://dx.doi.org/10.1056/NEJMoa1514616
https://dx.doi.org/10.1056/NEJMoa1514616
https://dx.doi.org/10.1056/NEJMoa1400590
https://dx.doi.org/10.1056/NEJMoa1400590
https://dx.doi.org/10.1016/j.ijcard.2014.10.172
https://dx.doi.org/10.1016/j.ijcard.2014.10.172
https://dx.doi.org/10.1016/j.jcin.2017.09.001
https://dx.doi.org/10.1016/j.jcin.2017.09.001
https://dx.doi.org/10.1016/j.jcin.2017.05.020
https://dx.doi.org/10.1016/j.jcin.2017.05.020
https://dx.doi.org/10.1016/j.jacc.2016.12.006
https://dx.doi.org/10.1016/j.jacc.2016.12.006
https://dx.doi.org/10.1161/JAHA.117.005960
https://dx.doi.org/10.1161/JAHA.117.005960
https://dx.doi.org/10.2214/ajr.183.6.01831673
https://dx.doi.org/10.2214/ajr.183.6.01831673
https://dx.doi.org/10.1016/j.ijcha.2018.10.005
https://dx.doi.org/10.1016/j.ijcha.2018.10.005
https://dx.doi.org/10.1038/sj.ki.5000368
https://dx.doi.org/10.1038/sj.ki.5000368
https://dx.doi.org/10.1136/heartjnl-2014-306962
https://dx.doi.org/10.1136/heartjnl-2014-306962
https://dx.doi.org/10.1016/j.jacc.2011.08.007
https://dx.doi.org/10.1016/j.jacc.2011.08.007
https://dx.doi.org/10.1159/000332384
https://dx.doi.org/10.1159/000332384
https://usrds-adr.niddk.nih.gov/2022/end-stage-renal-disease/9-healthcare-expenditures-for-persons-with-esrd
https://usrds-adr.niddk.nih.gov/2022/end-stage-renal-disease/9-healthcare-expenditures-for-persons-with-esrd

	A Contrast Frugal Approach to Transcatheter Aortic Valve Replacement in Chronic Kidney Disease: A Pilot Study
	Abstract
	Introduction
	Background

	Materials And Methods
	A proposed protocol for CKD patients requiring evaluation for TAVR
	FIGURE 1: Arrows showing patent blood circulation through aortic branches
	FIGURE 2: Transesophageal echocardiogram TAVR Sizing


	Results
	TABLE 1: Patient characteristics
	TABLE 2: Cardiovascular and renal parameters pre and post-TAVR procedure

	Discussion
	TABLE 3: Study highlights
	Study limitations

	Conclusions
	Additional Information
	Disclosures

	References


