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Background: End-stage heart failure is associated with severe after-effects such as heart valve insufficiency,
cardiac arrhythmias or end-organ dysfunctions. Renal failure or ‘cardiorenal syndrome’ is a critical end-organ
disorder associated with advanced heart failure, which occurs due to low-output failure. Drug therapy or
surgical interventions involving left ventricular assist device (LVAD) implantation may impede the progress
of heart insufficiency and its after-effects including renal failure. In this study, we investigated the impact of
a minimally invasive ventricular assist device implantation through upper hemisternotomy combined with
anterolateral thoracotomy on renal function, in patients with perioperative renal failure.

Methods: We analyzed data obtained from 103 patients (80 males, 23 females; mean age 53.8+11.7) who
underwent LVAD implantation at our clinic within a 15-year interval (2001-2016) and were dialyzed due to
renal dysfunction. 90 patients were operated with the conventional LVAD implantation technique (standard
approach surgery, SAS) and 13 underwent less invasive approach implantation (less invasive surgery, LIS).
Results: For all patients, data analysis showed significant increase of glomerular filtration rate (GFR)
(44.2£56.48 mL/min; 95% CI: 33.81-55.28; P<0.001) along with a significant decrease in the levels of creatinine
(-1.08+1.83 mg/dL; 95% CI: 0.75-1.46; P<0.001) and urea (-4.62+13.66 mmol/L; 95% CI: 1.95-7.29;
P<0.001). There was a considerable difference in change of renal parameters in patients treated with LIS in
comparison to patients who underwent SAS, which was however not statistically significant (GFR: P=0.494;
creatinine: P=0.543; urea P=0.918).

Conclusions: LVAD implantation improves kidney function in patients with renal dysfunction. A
considerable difference in the change of renal parameters was detected in patients with LIS as compared to

SAS, which was not significant possibly due to the limited size of the patient cohort (n=13).
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Introduction and surgical interventions (1). However, this has led to
an increased prevalence of chronic heart failure (2), a

Over the past several years, the long-term-survival of symptomatic disease, accompanied by various other end-

patients suffering from coronary heart disease has been organ dysfunctions as a result of low cardiac output.

considerably enhanced by improved pharmacological As the percentage of cardiac output delivered to the
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kidneys is 25% (3), the function of the kidneys is particularly
dependent on blood circulation conditions. Chronic heart
failure in conjunction with low cardiac output could therefore
lead to so called ‘cardiorenal syndrome’ type 2, which is
defined by cardiac abnormalities resulting in impaired kidney
function as a result of hypoperfusion, venous congestion and
inflammation (4-6). It is also known, that there is a direct
correlation between the prognosis of heart failure patients
and the grade of kidney dysfunction (7,8). The simultaneous
development of both cardiac- and renal failure is associated
with increased chances of mortality (9).

In case of end-stage chronic heart failure, cardiac
transplantation is still the therapy of choice, although new
treatment strategies have to be developed to overcome the
ongoing insufficient donor organ supply. One promising
alternative to address the aforementioned issue is the
implantation of left ventricular assist devices (LVAD)
which is one of the fastest-developing techniques in cardiac
surgery, due consistent technological advancements allowing
less invasive surgical techniques and miniaturization (10-13).

In contrast to the standard surgical approach (SAS) the
less invasive implantation technique (LIS) is associated with
reduced trauma, blood loss and infection rate (14) and should
therefore lead to a better outcome in terms of kidney function.

Although the effects of conventional LVAD implantation
on short- and long-term renal function (5,15) has been well
studied, little information is available on the corresponding
effects of less invasive surgical approaches.

In this study, we have therefore assessed the impact of
LVAD implantation with a minimally invasive technique on
the renal function of heart failure patients who underwent
dialysis due to perioperative kidney failure.

Methods

We retrospectively analyzed the data of 103 patients (80
males, 23 females) with severe heart failure, who underwent
ventricular assist device implantation at the Hannover
Medical School and were dialyzed due to renal failure within
a 15-year time period (2001-2016). Renal dysfunction
was considered “at risk” [glomerular filtration rate (GFR)]
>90 mL/min), “mild” (GFR =60-89 mL/min), “moderate”
(GFR =30-59 mL/min), “severe” (GFR =15-29 mL/min) or
“end stage” (GFR <15 mL/min).

Patient plasma creatinine- and urea-levels were assessed
on the hospital admission and discharge dates. GFR was
calculated using the MDRD (Modification of Diet in Renal
Disease): 186 x Serum Creatinine™"™* x Age™**” x [0.742;
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for female patients].

Statistical analysis of clinical data was performed using
SPSS 20.0 (IBM SPSS Statistics, IBM Corp., Armonyk NY,
USA). Comparison was made using two-sided paired #-test.
Differences were considered significant at P<0.05. Data has
been represented as mean = standard deviation (SD).

This study was performed as per the principles outlined
in the Declaration of Helsinki and approved by the local
institutional review board.

Results

Out of 103 patients, 90 patients underwent conventional
LVAD implantation (standard approach surgery, SAS) and
13 patients underwent less invasive LVAD implantation (less
invasive surgery, LIS). The mean duration of SAS implantation
was 22077 minutes while that of LIS implantation was
207+39 minutes, mean hospital stay was 62+56 days. Kidney
dysfunction was considered “at risk” in 11.7% (n=12), “mild”
in 16.5% (n=17), “moderate” in 23.3% (n=24), “severe” in
32% (n=33) and “end stage” in 16.5% (n=17) of patients.

Overall mean preoperative renal parameters showed
‘moderate’ renal dysfunction with a calculated GFR of
45.01+33.95 mL/min. Preoperative mean creatinine
level was 2.689+2.01 mg/dL and mean urea level was
15.62+11.62 mmol/L. Postoperative renal parameters
showed normal renal function with a calculated GFR of
89.23+64.81 mL/min, a mean creatinine level of
1.58+1.51 mg/dL and a mean urea level of 11.00£8.13 mmol/L.
Data analysis showed significant increase in GFR
(44.2+56.48 mL/min; 95% CI: 33.81-55.28; P<0.001) and a
significant decrease in creatinine (-1.08+1.83 mg/dL; 95%
CI: 0.75-1.46; P<0.001) and urea (-4.62+13.66 mmol/L;
95% CI: 1.95-7.29; P<0.001) in all patients (Figure I).

With the exception of the altered urea levels in female
patients, there was also a significant improvement of renal
parameters between male and female patients. Nevertheless,
there was no significant difference in the increase of renal
function between male and female patients (GFR: P=0.346;
creatinine: P=0.965; urea: P=0.210).

Subgroup analysis revealed a significant improvement of
renal function in both SAS (GFR: 42.76+56.53 mL/min; 95%
CI: 30.92-54.60; P<0,001; creatinine: -1.07+1.89 mg/dL;
95% CI: -0.67 to -1.46; P<0.001; urea: -4.57+13.88; 95%
CI: -1.66 to -7.48; P=0.002) and, except for urea, LIS (GFR:
54.29+57.30 mL/min; 95% CI: 19.67-88.92; P=0.005;
creatinine: -1.40+1.39 mg/dL; 95% CI: -0.39 to -0.56;
P=0.004; urea: -4.99+12.48; 95% CI: -2.55 to -12.53;
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Figure 1 Mean change of renal parameters pre- and post-VAD implantation (error bars indicate standard deviation).
Table 1 Subgroup analysis of change of renal parameters after surgery
Parameters Mean difference SD 95% Cl P
All patients (n=103)
GFR (mL/min) 44.22 56.48 (83.18, 55.26) <0.001
S-creatinine (mg/dL) -1.11 1.75 (-0.71, -1.49) <0.001
S-urea (mmol/L) -4.62 11.54 (-1.15, -6.28) <0.001
Male (n=80)
GFR (mL/min) 47.05 59.00 (83.92, 60.17) <0.001
S-creatinine (mg/dL) -1.10 1.75 (-0.71, -1.49) <0.001
S-urea (mmol/L) -3.72 11.54 (-1.15, -6.28) <0.001
Female (n=23)
GFR (mL/min) 34.39 9.69 (14.29, 54.50) <0.001
S-creatinine (mg/dL) -1.12 212 (-0.20, -2.04) 0.019
S-urea (mmol/L) -7.78 19.33 (-0.56, —-16.14) 0.067
Less invasive (n=13)
GFR (mL/min) 54.29 57.30 (19.67, 88.92) 0.005
S-creatinine (mg/dL) -1.40 1.39 (-0.39, -0.56) 0.004
S-urea (mmol/L) -4.99 12.48 (-2.55, -12.53) 0.175
Median sternotomy (n=90)
GFR (mL/min) 42.76 56.53 (30.92, 54.60) <0.001
S-creatinine (mg/dL) -1.07 1.89 (-0.67, —1.46) <0.001
S-urea (mmol/L) -4.57 13.88 (-1.66, —7.48) 0.002

P=0.175) (1able I). However, there was also no significant
difference in the increase of renal function between LIS and

SAS (GFR: P=0.494; creatinine: P=0.543; urea P=0.918).

Discussion

Cardiac output is crucial for renal function: chronic heart
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failure accompanied by low cardiac output leads to decreased
effective circulating volume as well as backward failure with
a high venous pressure, which is directly transmitted to the
renal tubular system. This leads to decreasing net filtration
and therefore to a decreased GFR, resulting in an activation
of the neurohumeral system (4,5,16). Hence a therapy
for improvement of cardiac output could enhance renal
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Table 2 Mean difference of LIS vs. SAS and female vs. male

Ricklefs et al. LVAD-influence on kidneys

Parameter Mean difference SD 95% ClI P
Less invasive vs. median sternotomy

GFR (mL/min) 11.53 16.80 (—44.86, 21.80) 0.494
S-creatinine (mg/dL) -0.33 0.54 (-1.41, 0.75) 0.543
S-urea (mmol/L) -0.42 4.07 (-8.50, 7.66) 0.918
Female vs. male

GFR (mL/min) -12.65 13.37 (-39.18, 13.87) 0.346
S-creatinine (mg/dL) 0.02 0.44 (-0.84, 0.88) 0.965
S-urea (mmol/L) 4.06 3.22 (-2.33, 10.45) 0.210

LIS, less invasive surgery; SAS, standard approach surgery.

function in heart failure patients.

In endstage chronic heart failure, the gold standard
for therapy is still cardiac transplantation however the
implantation of an LVAD is a promising alternative. Due
to consistently improved technology, e.g., pump size
miniaturization and less-LISs, the implantation of LVADs
is one of the fastest-developing fields in cardiac surgery
(10,17), thus the number of LVAD implantations worldwide
has surpassed the number of cardiac transplantations (18). It
is known that the major advantages of a less invasive surgical
approach are reduction of trauma, reduced blood loss and
less infections as well as decreased duration of intensive care
unit and in-hospital stay (14,19), but little is known on the
impact of LIS on renal function. The aim of our study was
therefore the assessment of the relationship between LVAD
implantation and its impact on kidney function with regard
to minimally invasive surgery.

In our study, we found out that the overall implantation
of an LVAD has a significant positive impact on renal
function. The mean change of the GFR at the day of
discharge was 44.2+56.48 mL/min (P<0.001), the mean
change of creatinine level was -1.08+1.83 mg/dL (P<0.001)
and of urea level was -4.62+13.66 mmol/L (P<0.001), in our
patient cohort.

These results corroborate data from preceding
investigations, as the impact of ventricular assist device
on renal function has been well investigated (20-22). In
summary, short term results show that the implantation of a
continuous flow LVAD maintains or improves renal function.

A study conducted by Brisco er al. showed that there
is a significant change of renal function in patients who
underwent mechanical circulatory support. In their study,
the median improvement of GFR in the first weeks

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

was 48.9 % (P<0.001), with 22.3% of the population
improving >100% (23). However, they also stated that the
improvements appeared to be transient: after one year of
follow up, the GFR was only 6.7% higher than the pre-
implant value (23). Further studies are therefore necessary
to confirm the long-term effects of SAS ventricular assist
device implantation and to assess the long-term results of
LIS implantation in view of renal function.

The current study also revealed that with the exception
of the mean change of urea in female patients, there was also
a significant improvement of renal parameters, in a manner
related to patient sex. Yet, there was no significant difference
in the increase of renal function between male and female
patients (mean difference of GFR: -12.65+13.37 mL/min
(P=0.346); mean difference of creatinine: 0.02+0.44 mg/dL
(P=0.965) and mean difference of urea: 4.06+3.22 mmol/L
(P=0.210), although we expected a significant higher
improvement of renal function in males patients, as female
patients suffering from heart failure face a higher incidence
of comorbidity with impact on renal function and a higher
mortality (24,25).

The present study demonstrated that as compared to a
standard implantation technique, a less invasive approach
may be associated with better kidney function outcome.
The mean difference of GFR was 11.53+16.80 mL/min
(P=0.494), the mean difference of creatinine was
-0.33+0.54 mg/dL (P=0.543) and the mean difference of
urea was —0.42+4.07 mmol/L (P=0.918) (Tuble 2). Due
to aforementioned advantages of a less invasive surgical
approach (i.e. reduction of trauma, reduced blood loss and
less infections and also a decrease in intensive care unit and
in-hospital stay), that accompany decreased activation of the
neurohumeral system and subsequent lower impairment of
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kidney function (14), we expected a high significance in the
mean difference of renal parameters between both surgical
approaches.

The reasons for these contradictions remain unclear, but
might be related to the lower number of female patients
(male vs. female: n=80:23) and the patients, who underwent
less invasive surgery (SAS vs. LIS: n=90:13) in our study,
or to potential baseline differences in those groups (e.g.,
mean age, degree of renal failure or preoperative ejection
fraction).

It is likely that a larger study population with equally
distributed baseline characteristics may provide a clearer
dataset for the differences between both gender and
surgical approach should be found, with regard to statistical
significance.

Our study therefore confirms the findings of previous
studies investigating the impact of ventricular assist
devices on kidney function. Moreover, we found a higher
improvement of renal parameters after less invasive LVAD
implantation in comparison to the standard surgical
approach via sternotomy. There was also no significant
difference between the mean change of renal parameters
between male and female patients. Nevertheless, we expect
that in a higher study population with equally distributed
baseline characteristics, significant differences in the mean
changes of renal parameters may be found.

Further studies on a larger data set are warranted to
improve statistical significance of the data and uncover long
term results of less invasive LVAD implantation.

Conclusions

LVAD implantation improves kidney function in patients
with renal dysfunction. A considerable difference in the
change of renal parameters was detected in patients with
LIS as compared to SAS, which was not significant possibly
due to the limited size of the patient cohort (n=13).
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