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Acute kidney injury early after left ventricular
assist device implantation: incidence, risk factors
and clinical consequences
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Abstract. — OBJECTIVE: Renal dysfunction
or renal failure is a common complication in pa-
tients undergoing a left ventricular assist device
(LVAD). Measurement of serum creatinine and
estimated glomerular filtration rate (eGFR) is
the most commonly used inexpensive and easy
method for the evaluation of kidney function. In
studies, the development of acute kidney injury
(AKIl) after LVAD has generally been studied at
1, 3 months and 1 year, but there are almost no
studies with 1-week data.

PATIENTS AND METHODS: We retrospec-
tively analyzed the incidence of AKI, risk fac-
tors, length of stay in hospital and intensive care
unit (ICU), and postoperative complications of
138 patients who underwent LVAD implantation
in our center between 2012 and 2021, according
to Kidney Disease Improving Global Outcomes
(KDIGO) criteria. We evaluated the preoperative,
postoperative 1st day, 2" day, 1t week, 15t month,
3 month and 1%t year serum creatinine, eGFR
and blood urea nitrogen (BUN) values.

RESULTS: The mean age of 138 patients who
underwent LVAD implantation and evaluated the
development of AKI was 50.4 (+10.86) and 119
(86.2%) were males.

The incidence of AKI, the need for renal replace-
ment therapy (RRT) and dialysis after LVAD implant
were respectively 25.4%, 25.3% and 12.3%.

According to the KDIGO criteria, in the AKI (+)
patient group, 21 (15.2%) cases were identified as
stage 1, 9 (6.5%) as stage 2 and 5 (3.6%) as stage 3.

The incidence of AKI was found to be high in
cases with diabetes mellitus (DM), age, preopera-
tive creatinine level 1.2, and eGFR =60 ml/min/m?2.

There is a statistically significant relationship
between having AKI and right ventricular (RV) fail-
ure (p=0.0033). Right ventricular failure developed
in 10 (28.6%) of 35 patients who developed AKI.

CONCLUSIONS: If perioperative AKl is recog-
nized early, the development of advanced stag-
es of AKI and mortality can be reduced with ne-
phroprotective measures.
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Introduction

Left ventricular assist devices (LVAD) are of
great importance in salvage, bridging to trans-
plantation or permanent destination treatment of
patients with acute or chronic end-stage heart fail-
ure. It is known that cardiac output increases with
LVAD implantation, and kidney and liver func-
tions are impaired secondary to hypoperfusion'=.

However, LVAD implantation remains a
life-threatening  high-risk surgical procedure.
Acute kidney injury (AKI) is a complication as-
sociated with high mortality and morbidity, seen
in 15-45% after LVAD implantation. In addition,
AKT has also been associated® with right heart fail-
ure, arrhythmia, and shortened life expectancy. In
these cases, impaired renal perfusion may lead to
a decrease in estimated glomerular filtration rate
(eGFR) and failure. Despite scholars® reporting an
increase in eGFR in the early period 1 month af-
ter LVAD, there are studies® showing the opposite
in the literature. It has been emphasized® that the
high creatinine and low eGFR in the preoperative
period may impair postoperative renal function in
these cases, tissue perfusion reduction due to pos-
sible hypotension in the perioperative period.

In studies?, the development of AKI after
LVAD was generally studied at 1, 3 months, and
1 year, but there are almost no studies with week
1 data. Therefore, our study retrospectively ana-
lyzed the rate of AKI development after LVAD,
risk factors, complications, relationship between
renal replacement therapy (RRT) and dialysis,
and mortality in a single center.

Patients and Methods

This single center, retrospective database
analysis included 264 consecutive patients with
end-stage heart failure and LVAD implantation as
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a bridge to transplantation or destination therapy
between January 2012 and 2021.

Exclusion criteria were age <I8 years, heart
transplantation, patients whose data could not be
reached. Data were obtained from a computerized
database and electronic patient records, which
were systematically collected during follow-up.

Gender, age, body mass index (BMI), Euro-
SCORE, Interagency Registry for Mechanically
Assisted Circulatory Support (INTERMACS)
profile and other comorbidities were evaluated
from preoperative characteristics, cardiopulmo-
nary bypass (CPB) duration from perioperative
data, and hospital and intensive care stay dura-
tions and complications were examined as post-
operative data.

Preoperative, postoperative 1% day, 2™ day,
I*t week, 1% month, 3" month and 1* year serum
creatinine, eGFR and blood urea nitrogen (BUN)
values were evaluated according to Kidney Dis-
ease Improving Global Outcomes (KDIGO) crite-
ria. In addition, the presence of renal replacement
therapy and the need for dialysis were investigat-
ed from the records.

The study protocol was approved by the Ak-
deniz University Faculty of Medicine Clinical
Research Ethics Committee (approval number:
KAEK-396). Written informed consent forms
were obtained from each patient. The study was
conducted in accordance with the Helsinki Dec-
laration principles.

Statistical Analysis

We summarized baseline characteristics of
the study participants using descriptive statis-
tics. We expressed normally distributed contin-
uous variables as mean (standard deviation) and
categorical variables as frequencies and propor-
tions. We used Wilcoxon rank-sum and > tests
to assess differences in demographics between
those who developed AKI and those who did
not. A Kaplan-Meier plot for cumulative surviv-
al was constructed to display mortality during
LVAD support by different stages of AKI, with
log-rank testing for significance, censored on
LVAD implantation and end of follow-up. The
changes in eGFR, BUN and serum creatinin
over 12 months from preoperative to 365 days
of LVAD support stratified by AKI and no AKI
groups was displayed as a line graph. All tests
were two-tailed, and differences were consid-
ered statistically significant at p-values < 0.05.
Statistical analyses were performed using SAS
version 9.4 (SAS Institute, Cary, NC, USA).

Results

The mean age of 138 patients who underwent
LVAD implantation between January 2012 and
January 2021 and whose AKI development was
evaluated was 50.4 (£10.86). 119 (86.2%) were
males and 19 (13.8%) females. The demographic
data of patients with AKI (+) and AKI (-) are shown
in Table 1. All patients were evaluated according
to the KDIGO criteria, and 35 (25.4%) cases were
found to have AKI. In the AKI (+) patient group,
21 (15.2%) cases were stage 1, 9 (6.5%) cases were
stage 2 and 5 (3.6%) cases were stage 3 KDIGO.
After the operation, RRT was required in 35 cases,
and dialysis was required in 17 (12.3%) cases. Hy-
pervolemia was observed in 11 (31.4%), anuria in
18 (51%), and acidosis in 15 (42.9%) patients who
developed AKI and required dialysis (Table I).

In our study, AKI developed in 16 (45.7%) of
60 patients with INTERMACS 1, in 15 (42.9%) of
59 patients with INTERMACS 2, and in 4 (11.4%)
of 19 patients with INTERMACS 3-4 (p>0.005).

A significant correlation was found between
AKI status and age, preoperative serum creatine
level, eGFR, and diabetes mellitus (DM) value
(p=0.002, 0.0024, 0.0070, 0.0360, respectively).
Statistically, the incidence of AKI development
was found to be higher in patients with age, DM,
creatinine level >1.2, and eGFR <60 ml/min/m?.

In our study, 21 of 32 (31%) patients with pre-
operative creatinine above 1.2 mg/dl developed
postoperative AKI. Fourteen patients (66.7%)
were stage 1, 4 patients (44.4%) were stage 2, and
3 patients (60%) were stage 3 KDIGO.

When the patients included in the study were
examined in terms of postoperative complica-
tions, it was found that the number of complica-
tions was significantly higher in AKI (+) patients
(p=0.0365) (Figure 1). There was no significant
incidence difference between stroke, gastroin-
testinal bleeding, thrombosis, and driveline site
infection in those who developed AKI. Howev-
er, a significant correlation was found between
AKI status and right ventricular (RV) failure
(p=0.0033), and RV failure developed in 10
(28.6%) of 35 patients who developed AKI.

After surgery, the duration of the patients’ stay in
the intensive care unit (ICU) and hospital (p=0.0072
and 0.0046, respectively) showed a significant dif-
ference in the AKI (+) and AKI (-) groups. The
length of stay in the [CU was 12.3+10.5 days in the
AKI (+) patient group, 25.9+9.9 days in the hospi-
tal, 7.7£2.88 days between the AKI (-) patient group,
and 21.0+£6.59 days in the hospital (Table I).
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Table I. Patient characterics (n=138).

Characteristics No AKI (n=103) AKI (n=35) p-value
Age (mean, SD), year 48.8+10.99 55.149.09 0.006
Sex, n (%)

Male 88 (85.4%) 31 (88.6%) 0.630

Female 15 (14.6%) 4 (11.4%)
Body mass index [kg/m?*] SD 27.9+4.41 28.1+4.67
Comorbidities, n (%)
Hypertension 44 (42.7%) 16 (45.7%) 0.757
DM 38 (36.9%) 20 (57.1%) 0.036
INTERMACS 1 [n, %] 44 (42.7%) 16 (45.7%) 0.968
INTERMACS 2 [n, %] 44 (42.7%) 15 (42.9%)
INTERMACS 3, 4 [n, %] 15 (14.6%) 4 (11.4%)
Device type

HeartMate 2 (Abbott, 12 (11.6%) 7 (20%9) 0.075

Inc., Pleasanton, CA, USA) 15 (14.5%) 6 (17.1%)

HeartMate 3 (Thoratec Corp. 76 (73.8%) 22 (62.9)

Pleasanton, CA, USA) HeartWare
(Medtronic, Inc., Framingham,

MA, USA)

LOS ICU (d) SD 7.7+2.88) 12.3+10.51 0.007
LOS hospital (d) SD 21.0+6.59 25.949.92 0.004
RRT n (%) 1 (1%) 35 (100%) <.0001

DM: Diabetes mellitus; INTERMACS: Interagency Registry for Mechanically Assisted Circulatory Support; ICU: Intensive care
unit; LOS: Length of stay; RRT: Renal replacement therapy.

90.58
81.884
80 — 78.986
65.217
60 -
&
40 - 34.783
21.014
20 18.116
9.4203
O =
No Yes No Yes No Yes No Yes
Readmission Driveline Infection Gastrointestinal Bleed Trombosit of the device
| 97.826
100 91.304
84.783 86.232
80
60 -
R
40
20 15.217 13.768
8.6957
21739
0~ T _— T
No Yes No Yes No Yes No Yes
Stroke Hemodialysis RV Dysfunction Cerebral Hemorrhage

Figure 1. Complication After LVAD implantation.
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Figure 2. Average estimated glomerular filtration rate (¢GFR) from before left ventricular assist device (LVAD) implantation

to 12 months after implantation.

CPB duration was compared in AKI (+) and
AKI (-) cases, and it was found that the pump
duration was longer in the AKI (+) patient group
than in the AKI (-) patient group, but there was no
significant difference (p=0.06). While the mean
duration was 90.3£33.5 minutes in the AKI (+)
patient group, this time was 79.9+33.5 minutes in
the AKI (-) patient group.

Preoperative, postoperative 1% day, 2" day, 1*
week, 1* month, and 1% year eGFR averages were
found to show statistically significant differenc-
es between AKI (+) and AKI (-) patient groups
(p=0.0004, 0.0030,0.0025,0.0001, 0.0030,0.0001,
respectively). eGFR values were significantly
lower in patients with AKI (+) than in patients
with AKI (). The eGFR values of the AKI (+)
patients were 66.3£27.64, 64.7+28.09, 67.9+31.35,
70.8+£36.21, 71.2+31.05, and 58.2+25.00, respec-
tively (Figure 2).

When the preoperative, postoperative 1% day,
2m day, 1*t week, 1 month, and 1% year BUN val-
ues of the patients with and without AKI were
compared, the BUN values of the AKI (+) group
were found to be significantly higher (p=0.0008,
0.0001, 0.0001, 0.0001, 0.0001, 0.0001, 0.0001)
(Figure 3).

Preoperative, postoperative, 1** day, 2" day, 1%
week, 13 month, and 1% year creatinine levels of
patients with and without AKI were compared.
Those who had AKI (+) had significantly higher
creatinine values (»p=0.0012, 0.006, 0.0027, 0.001,
0.0001) (Figure 4).

The mortality rate showed significant differ-
ences between the AKI (+) and AKI (-) patient
groups (p=0.0001). The I** month and I* year
survival rates were 94.9% (131 of 138) and 82.6%
(114 of 138), respectively. Among the patients
who developed AKI, 13 (61%) were in KDIGO
stage 1, 6 (66.7%) were in stage 2, and in stage 3,
the mortality rate was 100%. Figure 5 illustrates
the impact of AKI on LVAD implantation.

Discussion

In this study, we found that AKI developed in
approximately one-quarter of the 138 patients. All
patients who developed AKI needed RRT, while
half of them required dialysis during their hospital-
ization. After discharge, dialysis was required in 3
(8.6%) patients. In previous studies™, the incidence
of AKI after LVAD was reported to be 11-45%.
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Figure 3. Average BUN from before left ventricular assist device (LVAD) implantation to 12 months after implantation.
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Figure 4. Average BUN from before left ventricular assist device (LVAD) implantation to 12 months after implantation.
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Figure 5. Kaplan-Meier curves for cumulative survival during after LVAD implantation.

The incidence of RRT intervals in patients with acute
kidney injury after LVAD ranges from 11% to 33%.

In a meta-analysis’ of 63,663 patients, the rate
of development of severe AKI requiring RRT af-
ter LVAD was 37% and 13%, respectively.

Renal dysfunction due to decreased forward
flow or high back pressure is an expected outcome
with progressive heart failure. Because LVAD im-
plantation improves cardiac output and tissue per-
fusion by increasing forward flow, improvement in
renal function after LVAD implantation is an ex-
pected outcome. Moreover, neurohormonal activa-
tion has been shown'® to decrease particularly atri-
al natriuretic peptide, aldosterone, renin arginine,
and vasopressin. However, Brisco et al’ showed
that eGFR levels initially improved after LVAD
implantation in approximately half of the patients.
This improvement lasted for only 1 month, after
which eGFR values decreased again. Generally,
these studies’ show that renal functions that im-
prove immediately after LVAD implantation can-
not maintain this function over a longer period.

One of the mechanisms involved in the wors-
ening of renal function 1 month after LVAD
implantation is associated with RV dysfunc-
tion. RV dysfunction has been attributed' to
increased RV preload and decreased contrac-
tility to cope with the increased cardiac output
after LVAD. In addition, previous studies'> have
shown that as a result of an increase in RV filling
pressures that is not proportional to the left ven-
tricular filling pressure, AKI may develop due
to hypotension and to increased central venous
pressure, decreased left ventricular filling, low
device flow, and worsening of systemic perfu-
sion. In our AKI (+) patients, the rate of devel-
opment of complications was higher, especially
right ventricular failure (28.6%), compared with
those who did not develop complications. In
the group with KDIGO stage 3, right ventricu-
lar failure developed in 4 (80%) patients. When
RV insufficiency develops, treatments to correct
hemodynamics to reduce RV afterload may pre-
vent worsening renal function'.
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In a study’ conducted on 3,363 patients, it was
concluded that pre-implant INTERMACS, an
eGFR of 60435 ml/min/1.73 m?, and a mean se-
rum creatinine level of 1.4 mg/dl were important
indicators of renal function. It has been report-
ed>" that each 1 mg/dl increase in serum creati-
nine concentration doubles the risk of death.

In the study by Yoshioka et al'® it was report-
ed that cases with INTERMACS scores of 1 and
2 had a higher risk of acute kidney injury. This
finding is confirmed by our study. The incidence
of developing AKI was increased approximately
4-fold in our patients with INTERMACS scores
of 1 and 2 compared with those with INTER-
MACS scores of 3 and 4.

In our study, the incidence of AKI develop-
ment was found to be higher in patients with DM,
age, preoperative creatinine level >1.2 and eGFR
<60 ml/min/m? as important risk factors for AKI
development following LVAD placement.

In a study* that analyzed 48 parameters and
analyzed a single-center multivariate in an ob-
servational cohort of 131 subjects, there was an
improvement in eGFR at 1 month after LVAD in
young, non-DM, and subjects with low eGFR.

In our study, there was an increase in creati-
nine values on the 1% and 2™ day, especially in the
I*-week creatinine (p<0.0001), compared with
preoperative creatinine values in patients with
AKI (p<0.0001).

Iwashima et al' reported that the 2-week eGFR
after implantation was a strong predictor of mortali-
ty and morbidity. Preoperative eGFR values are con-
sistent with 1*-week and 1¥-month values in patients
with AKI. When the eGFR values on 1* and 2™ day,
and I* week immediately after LVAD implantation
are examined, there were no or very few studies in
the literature, which included cases with low eGFR.
In the light of the data we obtained, we think that
postoperative 2M-day and 1*-week eGFR values af-
ter LVAD are early predictors of AKI development.

More complications were detected in AKI
(+) cases, and in these cases, the duration of ICU
(12.3+£10.5) and hospital stay (25.949.9) were signifi-
cantly longer than those who did not develop AKI.
This is consistent with the studies in the literature'.

Limitations

Limitations of our study include the fact that
it was a retrospective study at a single center and
that the number of patients decreased because
they were unable to meet the criteria we sought in
all patients. If the research is conducted in larger
series, the results we obtained can be confirmed.
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Conclusions

The development of AKI after LVAD is an im-
portant complication with high mortality requiring
RRT treatment or even dialysis. In the early stages
of a procedure, it is important to take into account
the factors that contribute to the development and
severity of AKI, such as DM, age, preoperative
creatinine level 1.22, and eGFR 60 ml/min/m?, and
to develop a good preoperative approach.

The inclusion of biomarkers for earlier iden-
tification of renal dysfunction, along with eGFR,
BUN, and creatinine values, will allow the early
detection of renal dysfunction and reduce mortal-
ity and morbidity.
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