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Risk of early postoperative acute kidney injury with stroke
volume variation-guided tetrastarch versus Ringer’s lactate

ABSTRACT

Background: Whether intraoperative use of hydroxyethyl starch (HES) solutions is associated with postoperative acute
kidney injury (AKI) continues to be researched. Urinary neutrophil gelatinase-associated lipocalin (NGAL) is validated for
early detection of AKI. Previous studies are limited and use empirically predefined volumes of HES solutions with serum
creatinine as marker for AKI.

Materials and Methods: Adults scheduled for orthopedic surgery under general anesthesia with >200-300 mL blood
loss expected were included; 40 were randomized to receive 6% HES 130/0.4 (tetrastarch) (group HES) or Ringer’s
lactate (group RL) boluses when stroke volume variation (SVV) >10% in supine or lateral position, or >14% in prone position.
Incidence of early postoperative AKI using urinary NGAL (>100 ng/mL) was the primary outcome, and using derangement
of serum creatinine was the secondary measure.

Results: In 38 patients, intervention was completed, and incidence of AKI (postoperative urinary NGAL >100 ng/mL)
among them was 0% in both groups. Patients with urinary NGAL >50 ng/mL were insignificantly higher for group RL versus
group HES (6/19 vs. 4/19) (P=0.461), as were those with incidence of AKI as per creatinine values (5/19 vs. 4/19) (P=1.000).
Group RL had significantly higher requirement of fluid (1211 + 758 mL vs. 689 + 394 mL) (P = 0.013) and lower cardiac
index (P < 0.05) versus group HES.

Conclusion: SVV-guided tetrastarch and Ringer’s lactate do not result in postoperative AKI diagnosed by urinary
NGAL >100 ng/mL; however, an insignificant trend for better renal functions as well as significantly more efficacious volume

expansion and hemodynamic stability were seen with tetrastarch instead.
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Introduction

Hydroxyethyl starch (HES) solutions are effective for
management of intravascular volume in surgical and critical
care settings. Their use in critically ill patients is no longer
recommended due to increased incidences of adverse renal
effects such as acute kidney injury (AKI) and need of renal
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replacement therapy, as well as raised mortality.'¥ Safety
of HES solutions in surgical settings may differ because
of lack of capillary leakage and organ dysfunctions that
are frequently seen in critically ill patients. This leads
to differing pharmacokinetics in surgical patients when
compared with those who are critically ill.>® The debate
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regarding safety of HES solutions in surgical patients
nevertheless exists.

To enhance safety of HES solutions in surgical patients,
it is recommended to use newer generation products in
least volumes. One of the recent newer generation HES
solutions is tetrastarch (6% HES 130/0.4). Goal-directed
therapy using various predictors of fluid responsiveness
is a modality that helps use lowered effective volumes
of intravenous fluids. Of the several predictors used for
goal-directed therapy, stroke volume variation (SVV) is a
common and successful one.

The existing literature presents only limited data
evaluating renal safety of HES solutions in surgical settings
and is heterogeneous with respect to the fluid regimens
used. These trials have mostly used predetermined fixed
volumes of HES solution rather than goal-directed therapy.
Some have even used the colloid solutions as first-line
fluid therapy beginning from the initiation of anesthesia
itself.'%11 It is neither likely in clinical practice nor
recommended that HES solutions including tetrastarch
be used as a first-line intravenous fluid therapy in the
absence of hypovolemia.

In addition, most of the earlier trials evaluating effect of HES
solutions on AKI have used serum creatinine and glomerular
filtration rate for diagnosing the renal dysfunction. One of
the greatest drawbacks of serum creatinine for diagnosing
AKl is its late and non-specific increase following renal injury
or dysfunction.” Urinary neutrophil gelatinase-associated
lipocalin (NGAL) is a biomarker validated for detecting AKI
early on because it is released within 6 h of renal injury.!'>4l
There is scanty literature evaluating postoperative AKI
with urinary NGAL as the diagnostic criteria, following
intraoperative use of HES solutions.!'%!":15l

Against this background, this study compared postoperative
AKl diagnosed using urinary NGAL, following the intraoperative
use of SVV-guided tetrastarch (6% HES 130/0.4) or Ringer’s
lactate in patients scheduled for orthopedic surgery with
anticipated blood loss.

Materials and Method

This prospective randomized double-blinded trial was
undertaken after Institutional Ethics Committee’s approval
(in meeting held on 20.10.2015) and informed written consent
from all participating patients. It is retrospectively registered
with Clinical Trial Registry of India (CTRI/2016/07/007114). It
was conducted from November 2015 to April 2017.

Adult patients scheduled for major orthopedic surgery under
general anesthesia with anticipated blood loss >200-300 mL
were included. Those <18 years or >65 years, or with
body mass index <15 or >40 kg/m?, preoperative renal
dysfunction, history of receiving renal replacement therapy,
transplanted kidney, significant dysrhythmia, cardiac
failure, stroke, coronary heart disease, or preoperative
hemoglobin <8 g% were excluded.

The primary objective was to evaluate and compare incidence
of early postoperative AKI using urinary NGAL as a marker,
following intraoperative SVV-guided tetrastarch or Ringer’s
lactate therapy. The secondary objective was to compare
between the two fluid intervention therapies the incidence
of early postoperative AKI as per Kidney Disease Improving
Global Outcomes (KDIGO) guidelines using serum creatinine
and/or urine output as diagnostic criteria.!?

A computer-generated random number table was used for
randomizing patients to one of two groups according to
intervention fluid received. Patients were unaware of group
allocation, as was the microbiologist who assayed the urine
samples for NGAL, making this a double-blinded trial.

In the operating room, monitoring including oscillometric
non-invasive blood pressure, lead Il electrocardiography,
pulse oximetry, and capnography were instituted. An
intravenous line was established and infusion of Ringer’s
lactate (5 ml/kg) before induction was given. Following
morphine 0.1-0.15 mg/kg i.v., radial artery cannulation was
done with a 20-G arterial cannula. A dedicated transducer
(Flo Trac"; Edwards Lifesciences, Dominican Republic) was
connected to the radial arterial line on one side and to
Vigileo™ system (Edwards Lifesciences LLC, USA) on the other.
This system enables the continuous monitoring of stroke
volume and cardiac output by pulse contour analysis, without
requirement of external calibration. The SVV was calculated
automatically by the monitoring system as the variation in
beat-to-beat stroke volume from the mean value during the
most recent 20 s data: SVV = (SV__ — SV __)/SV

max min mean

Following establishment of optimal arterial waveform,
anesthesia was induced with propofol (1-2.5 mg/kg i.v.), while
vecuronium (0.1 mg/kg i.v.) was used to facilitate endotracheal
intubation. Mechanical ventilation was initiated with tidal
volume of 8 ml/kg ideal body weight and respiratory rate
of 10/min. Respiratory rate was titrated to maintain end
tidal carbon dioxide level of 35-40 mmHg. Anesthesia
was maintained using isoflurane at minimum alveolar
concentration of 1 % 0.1. Inspired oxygen concentration
was initiated at 0.3 and adjusted intraoperatively to maintain
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SpO, =95%. At the end of surgery, neuromuscular blockade
was reversed with glycopyrrolate (0.01 mg/kg i.v.) and
neostigmine (0.05 mg/kg i.v.).

Fluid regimen

Patients of group HES received tetrastarch (6% HES 130/0.4)
(Voluven®; Fresenius Kabi, Pune, India) and group RL,
Ringer’s lactate (Compound Sodium Lactate Injection IP;
Abaris Healthcare, Mehsana, India) in volumes titrated
by SVV. Whenever the SVV was >10% in supine or lateral
position, or >14% in prone position, a bolus of 100 mL
of the intervention fluid was infused over 2—4 min.!'®!7
Fluid boluses were repeated every 5 min till SVV criteria
were met. In case of failure of any response to bolus
fluid, the wait period of 5 min was not adhered to. Unless
accompanied by hemodynamic instability, SVV variations
were treated only if sustained for at least a couple of
minutes.

In addition, all patients were given an infusion of Ringer’s
lactate at a maintenance rate of 2 ml/kg/h throughout surgery
using infusion pump (OT-701, JMS Co. Ltd., Japan).

Blood was transfused if loss exceeded the calculated
“maximum allowable blood loss” for a target hematocrit
of 24%. Mephenteramine boluses of 6 mg (i.v.) were used
if fluid boluses failed to maintain a mean arterial pressure
of >65 mmHg. These were recorded as hypotensive events.

Urine samples were collected for NGAL determination just
before surgery, 2-3 h after surgery, and on first postoperative
day (aimed at approximately 18 h after surgery). These were
centrifuged and frozen at —80°C till assayed using Enzyme
Linked Immunosorbent Assay (ELISA) kit (NGAL ELISA,
BioVendor, Czech Republic) as per the manufacturer’s
instructions. The kit had a minimum detection level of
0.02 ng/mL. As previously documented in similar studies,
urinary NGAL >100 ng/mL in either of the two postoperative
samples taken 2-3 h or on first postoperative day was
considered diagnostic of postoperative AKIL.['%!!l

Early postoperative AKI (i.e. up to 48 h postoperatively) was
also evaluated as per KDIGO criteria. For this, baseline serum
creatinine value before surgery was noted and it was repeated
on first 2 postoperative days. The KDIGO guidelines define
AKI as an increase in serum creatinine =0.3 m% within 48 h
or an increase to =1.5 times baseline which is known or
presumed to have occurred within the prior 7 days, or urine
output of <0.5 ml/kg/h for 6 h. The severity is graded as per
the level of serum creatinine or urine output.!'

We had planned that urine output would be considered
for diagnosis of postoperative AKI in addition to serum
creatinine only if estimates of hourly collection would be
available in at least 32 patients for the first 2 postoperative
days. Postoperative care in wards did not entail hourly urine
output estimates. Thus, we have taken into consideration
only serum creatinine, without urine output, for diagnosis
of early postoperative AKI.!"

Ancillary observations included incidence of late AKI
(evaluated by increase in serum creatinine of =50% above
preoperative value on the day of patient’s discharge from
hospital or 16™ postoperative day, whichever was earlier).
In addition, the volume of intervention fluid and Ringer’s
lactate used in both groups as background infusion and
compensatory volume expansion; intraoperative blood
transfusion, blood loss, and urine output; preoperative
hemoglobin; demographic parameters; duration of surgery;
and postoperative duration of hospitalization were noted.
Intraoperative heart rate and cardiac index were recorded
repeatedly: before induction of anesthesia (baseline), after
intubation and initiation of mechanical ventilation, as well
as change in position if any, followed by every 10 min
intervals till the end of surgery. SVV was also recorded at all
the above time points but not before induction of anesthesia
because mechanical ventilation is an essential prerequisite
for its measurement. The baseline for SVV accordingly was
the value just after intubation and initiation of mechanical
ventilation.

Statistical analysis

Intergroup comparison was done using t-test for
normally distributed quantitative data, Mann—Whitney
U-test for non-normally distributed data, and Pearson’s
Chi-square or Fisher’s test for qualitative parameters. For
intergroup comparison of normally distributed repeated
measures (cardiac index and SVV), general linear model of
analysis of variance was used. For non-normally distributed
data (i.e., urinary NGAL) Wilcoxon signed-rank test was
used for intragroup comparison. Association of NGAL
with early AKI was also evaluated using receiver operating
characteristics (ROC) analysis. Because minimum detectable
levels of NGAL were 0.02 ng/mL, all patients with undetectable
values were assumed to have 0.019 ng/mL concentration for
purposes of analysis. For statistical analysis of hemodynamic
parameters, the readings were truncated beyond 2 h because
after this time there was significant attrition of data due
to completion of surgery in 7 of 19 (37%) and 5 of 19 (26%)
patients of group RL and group HES, respectively. P < 0.05
was considered statistically significant. SPSS version 23.0
(IBM Corp) was used. Sample size: The standard deviation of
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urinary NGAL has been estimated to be 100 ng/mL.'"" At a
significance level of 5% and a power of 80%, 32 patients are
required to detect a 100% difference, that is, 100 ng/mL in
urinary NGAL.'"“"I Thus, we enrolled a total of 40 patients,
20 in each group to accommodate possible dropouts.

Results

The final patient enrollment and inclusion are depicted in
the CONSORT flowchart [Figure 1]. Preoperative patient
characteristics were statistically similar between group RL
and group HES (P > 0.05) [Table 1].

Distribution of nature of orthopedic procedure and
proportion of patients undergoing surgery in supine, prone,
or lateral position were statistically similar between both
groups (P = 0.587 and 0.492, respectively) [Table 2]. The
duration of surgery and anesthesia was also similar between
both groups (P > 0.05) [Table 2].

None of the patients in either group had urinary NGAL
levels >100 ng/mL. Urinary NGAL levels before and
2-3 h after surgery, as well as on first postoperative day
were statistically similar between both groups (P > 0.05)
[Table 3].

< Assessed for eligibility
g (n=162)
[<}
c
w
Total excluded (n = 22)
Age < 18 or > 65 years (n = 18)
BMI > 40 kg/m? (n = 4)
Randomized (n = 40)
Group RL Group HES
S |Allocated to intervention Allocated to intervention
= | (n=20) (n =20)
8 | Received allocated
< |intervention (n = 19) Received allocated
Did not receive intervention (n = 20)
allocated intervention
due to failure of radial
artery cannulation (n = 1)
Lost to follow up Lost to follow up
s (n=0) (n=0)
g Discontinued intervention:
S | Discontinued intervention Blood loss < 200 ml due
u (n=0) to intraoperative change
in surgical plan (n = 1)

Analyzed (n = 19) | | Analyzed (n = 19)

Figure 1: CONSORT flow diagram

In group RL a significant increase in urinary NGAL was
seen on the first postoperative day when compared with
baseline (P = 0.027) [Table 3]. No such increase was seen in
group HES postoperatively (P = 0.695) [Table 3].

The number of patients with postoperative urinary
NGAL >50 ng/mL was clinically higher but statistically
similar for group RL when compared with group HES
(32% vs. 21%) (P = 0.461). The number of those with
levels >25 ng/mL was also clinically greater but statistically
similar for group RL when compared with group HES
(47% vs. 32%) (P = 0.319).

Area under ROC curve for AKI versus NGAL assessed
2-3 h after surgery was 0.437 [95% confidence interval (Cl):
0.229-0.644] (P = 0.571), and for NGAL measured on
first postoperative day it was 0.511 (95% Cl: 0.237-0.750)
(P =0.918).

Table 1: Comparison of preoperative patient characteristics

Characteristic Group RL Group HES P
(n=19) (n=19)

Age (years) 34.7+10.0 31.6+10.4 0.365

Gender (male: female) 12:7 11:8 0.266

Height (cm) 159.3+7.9 157.1+8.9 0.437

Body mass index (kg/m?) 24.0+4.4 23.1+3.7 0.467

Preoperative hemoglobin (g/dI) 12114 12.0=1.7 0.958

Presence of systemic 0 0

comorbidities

Heart rate (/min) 10024 99+19 0.912

Mean arterial pressure (mmHg) 96+13 95+10 0.815

Values are mean=+SD or number of patients or median (IQR). RL: Ringer’s lactate;
HES: hydroxyethyl starch; 1QR: interquartile range; SD: standard deviation

Table 2: Surgical details

Characteristic Group RL Group HES P
(n=19) (n=19)

Type of surgery (SP: UL: LL) 8:9:2 11:7:1 0.587

Position of patient (S: P: L) 9:6:4 6:6:7 0.492

Duration of surgery (min) 135+45 133+34 0.905

Duration of 165+50 167+38 0.858

anesthesia (min)

Values are number of patients or mean=SD. SP: spine; UL: upper limb; LL: lower
limb; S: supine; P: prone; L: lateral; SD: standard deviation; RL: Ringer’s lactate;
HES: hydroxyethyl starch

Table 3: Comparison of urinary neutrophil gelatinase-associated
lipocalin levels

Time points Group RL Group HES P
(n=19) (n=19)
Preoperatively 2.11(0.02-13.81) 2.11(0.02-28.57)  0.750

0.02 (0.02-26.84)
13.99 (7.37-50.62)

0.02 (0.02-24.91)  0.728
0.02 (0.02-23.25)  0.091

2-3 h postoperatively

First postoperative
day

Values are median (IQR); units of measurement are ng/mL. RL: Ringer’s lactate;
HES: hydroxyethyl starch; IQR: interquartile range
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The mean time of collection of urinary samples on the
first postoperative day was 18.9 *= 1.5 h for group RL and
19.0 = 1.8 for group HES (P > 0.770).

Postoperative acute kidney injury as per serum creatinine
The percentage of patients who developed early postoperative
AKI as per derangement in serum creatinine was clinically
higher though statistically similar, for group RL when
compared with group HES (5/19 = 26% vs. 4/19 = 21%,
respectively; P = 1.000).

The distribution of patients according to severity of AKI was
statistically similar between both groups (P = 1.000). Of all
patients with AKI, eight of nine had grade 1 of severity and
the only patient with increased severity grade 2 (one of nine)
belonged to group RL. The number of patients with late AKI
was clinically greater for group RL when compared with
group HES (four vs. one).

Hemodynamic stability

The SVV was lower in group HES signifying better maintained
fluid balance when compared with group RL, and the
comparison reached statistical significance at 40, 50, and 60 min
after change in position of the patient (P < 0.05) [Figure 2].

Intraoperative cardiac index was significantly higher for
group HES when compared with group RL (P < 0.05) [Figure 3].
The heart rate was statistically similar between both groups
at all observed time points. None of the patients in either
group required vasopressor to maintain blood pressure.

Ancillary observations

The volume of intervention fluid was significantly higher for
group RL when compared with group HES (1211 *+ 758 vs.
689 * 394 mL; P = 0.013). Intraoperative hourly
urine output was slightly higher, though statistically
similar, for group RL when compared with group HES
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[120 (111-169) vs. 106 (86-145) mL/h; P = 0.102]. The
total volume of Ringer’s lactate used for baseline infusion
and compensatory volume expansion was statistically
similar between both groups (group RL: 480 = 200 mL vs.
group HES: 475 + 189 mL) (P = 0.936). Intraoperative blood
loss {700 (450-950) vs. 700 (560-1150) mL; P = 0.761] and
units of blood transfused [1 (1-1.25) vs. 1 (1-1.5); P = 0.892]
were statistically similar between group RL and group HES.
The duration of postoperative hospitalization was
statistically similar between group RL and group HES (8 + 4
and 9 =+ 4 days, respectively) (P = 0.393).

Discussion

The issue of renal safety with HES solutions used
intraoperatively continues to excite debate.® This trial
was conducted in major orthopedic surgery to evaluate
postoperative AKI using urinary NGAL level, following the use
of intraoperative SVV-guided tetrastarch (6%, 130/0.4 Voluven)
versus Ringer’s lactate.

The salient observations of our study were that none of the
patients developed postoperative urinary NGAL > 100 ng/mL,
while incidence of AKI diagnosed by serum creatinine
was clinically lesser with tetrastarch when compared with
Ringer’s lactate, though statistically similar (21% vs. 26%).
Efficacy for volume expansion and hemodynamic stability
was significantly better maintained with tetrastarch when
compared with Ringer’s lactate.

AKI is common in perioperative period and carries a
significant morbidity and mortality,!'? yet it is not very
frequently addressed. Incidence of AKI in hospitalized
patients ranges from 2% to 18%, while postoperative AKI is
seen in 1%-31% of surgical patients.!'$20

Our observation of lack of postoperative AKI with tetrastarch
based on urinary NGAL >100 ng/mL is similar to the two
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Figure 2: Comparison of trend of stroke volume variation

Figure 3: Comparison of trend of intraoperative cardiac index
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earlier studies comparing tetrastarch with normal saline
intraoperatively.'*

The unanticipated finding of our study is the clinical
trend, although insignificant, toward higher propensity
for postoperative renal dysfunction with Ringer’s lactate
rather than tetrastarch. Ringer’s lactate was associated
with a significant increase in postoperative urinary NGAL,
a change not evidenced with tetrastarch. In addition, the
number of patients with postoperative AKI diagnosed using
serum creatinine as per KDIGO criteria, those with urinary
NGAL >50 ng/mL, and with “late” AKI were clinically greater
following Ringer’s lactate when compared with tetrastarch. In
addition, while all patients who developed AKI had severity of
grade 1, the only patient with grade 2 had received Ringer’s
lactate. To conclusively prove or disprove such an association
of worse postoperative renal functions with Ringer’s lactate
when compared with tetrastarch, an adequately sized future
trial will have to include 876 patients per group at power of
80% and alpha error of 5% based on our reported incidence
of 26% and 21% of AKI with the two fluids, respectively.

This surprising clinical trend of worse renal functions following
intraoperative Ringer’s lactate is in contrast to earlier
publications."*""5 We hypothesize it to be a result of the SVV
goal-directed therapy rather than use of predetermined, fixed
volumes of the fluids in previous studies.'*'"15 SVV-guided
therapy had led to more efficacious volume expansion with
tetrastarch as indicated by the higher cardiac index and
lower SVV, despite requirement of smaller volumes. This
could have contributed to trend of better renal functions and
lesser postoperative AKI with tetrastarch. Because current
recommendations encourage the use of small volumes of
newer starch solutions during intraoperative period," use of
SWV is highly relevant to intraoperative use of HES solutions.

We assessed urinary NGAL early at 2-3 h after surgery and
then approximately 18 h postoperatively keeping in mind its
earlier documented temporal trend. Almost all earlier studies
evaluating urinary NGAL in postoperative AKI document its
utility for discriminating patients with AKI when assessed
early after surgery (30 min to 4 h),l'"®'"5I and for up to
18 h.?'22 At 24 h postoperatively, the discrimination was
seen to be lost.l?!?2

Although we used a cut-off value of urinary NGAL > 100 ng/mL
to diagnose AKI, the ideal level could be debated about.
Previous studies evaluating urinary NGAL as a diagnostic
marker for postoperative AKI have demonstrated variable
cut-offs.?'?2 Using ROC analyses, cut-offs varying from 25 to
250 ng/mL in different kinds of surgery at various postoperative

times ranging from 2 to 18 h have been advocated. Although
we had not planned originally to evaluate urinary NGAL as a
predictor for AKI because its utility is well-established, our
observations depicted otherwise. Hence, we also assessed
the association between urinary NGAL and AKI and it was
noted to be insignifiacnt in this group of patients. NGAL
is perhaps the most widely evaluated marker for AKL™! It
is a small protein normally secreted in very small amounts
by various body cells. Under conditions of renal tubular
stress, it is upregulated and secreted in increased amounts
in primarily the thick ascending limb and collecting duct of
the nephron. It has shown to be a good predictor in pediatric
and cardiac surgical patients, as well as in critically ill and
emergency room setting.”! However, it is documented that
NGAL elevation is witnessed with intrinsic renal dysfunction
and not rapidly reversible volume-dependent derangement.**!
In addition, it depends on the duration of azotemia. The
lack of raised NGAL even in the presence of deranged serum
creatinine or urine output with prerenal azotemia may
explain the results of our study. Notwithstanding the apparent
success of urinary NGAL to predict AKI in certain subsets of
patients, its utility in non-cardiac surgical patients may thus
need further validation.

Based on our observations, we conclude that neither
tetrastarch nor Ringer’s lactate results in early postoperative
AKI, when using urinary NGAL level of >100 ng/mL as a
cut-off to diagnose postoperative AKI. There is, however,
an unexpected insignificant trend of better postoperative
renal function associated with tetrastarch when compared
with Ringer’s lactate. This may be a result of more efficacious
fluid optimization seen with tetrastarch when compared
with Ringer’s lactate when using SVV-guided intraoperative
fluid therapy.

We thus recommend that using SVV-guided tetrastarch
may be preferred to Ringer’s lactate in patients undergoing
major orthopedic surgery under general anesthesia, due
to the significantly better intravenous expansion efficacy
(lesser volumes required), higher cardiac index, and an
insignificant trend toward better postoperative renal function.
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