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Abstract
Background: All forms of shock, particularly septic shock, that involve insufficient blood supply to tissues to meet
metabolic demands are main causes of morbidity and mortality worldwide and develop in one third of patients
admitted to the intensive care unit (ICU). This alarmingly high incidence underlines the importance of further research
in this field. Uncertainty remains about the undeceiving parameters for guidance of fluid resuscitation to avoid acute
kidney injury (AKI) and renal replacement therapy. However, there are consequences of fluid overload (e.g. organ
oedema and high interstitial pressures). This proposed study aims to establish a new framework of parameters for the
guidance of fluid resuscitation in shock therapy focusing on the first 72 h, amending the currently used parameters (i.e.
cardiac output, heart rate, blood pressure, central venous pressure) with an array of additional measurements including
assessment of total body water (TBW), renal vascular resistance (renal resistive index (RRI)), intra-abdominal pressure
(IAP) and microcirculatory blood flow (MBF).
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Methods: This observational cohort study includes patients in shock presenting to the ICU. In addition to routine
parameters (i.e. cardiac output, heart rate, blood pressure, central venous pressure) for volume resuscitation, MBF
will be recorded using sublingual incident dark field microscopy, IAP, RRI seen in duplex-sonography and TBW
will be estimated using bio-impedance analysis for correlation and eventually signalling of AKI and need for renal
replacement therapy. Follow-up measurements will be taken at set intervals up to 72 h post admittance. To
investigate the association between the newly investigated parameters and the occurrence of an AKI, we will
compare the difference between measurements taken after admittance to the ICU and baseline values in patients
with and without AKI using a two-sample t test. A linear regression model will be constructed to investigate the
first and secondary outcome.
Results: Between January 2016 and August 2017, a total of 33 patients were recruited. The final results are
expected in the second half of 2018.
Conclusions: The VoluKid study will investigate a new approach to assess volaemia and parameters indicating
AKI in patients in shock who undergo volume resuscitation in the ICU.
Trial registration: The study was registered at ClinicalTrials.gov (Identifier: NCT02666404) on January 18, 2016,
and at the Swiss National Clinical Trial Portal (SNCPT; Identifier: SNCTP000001693) on February 13, 2016.
Keywords: Shock, Volume resuscitation, Acute kidney injury (AKI), Renal failure, Renal replacement therapy (RRT),
Intra-abdominal pressure, Renal resistive index, Sublingual microcirculation, Total body water

Background
Although the application of intravenous crystalloid
fluids, red blood cell concentrates in anaemia and catecholamines or inotropes are the mainstay of shock
therapy [1, 2], no clear endpoints for the fluid resuscitation or the haemodynamic endpoints for catecholamine therapy have been established so far [3]. Static
parameters such as central venous or arterial pressure, cardiac output or plasma lactate fail to guide
the amount of fluid administered [4]. The administration of intravenous fluids in response to so-called dynamic tests, such as stroke volume variation in
response to fluid bolus administration, also did not
show an influence on organ dysfunction and mortality
due to shock [5]. Acute kidney injury (AKI) is the
most frequent organ dysfunction in patients in shock
[6]. Despite a more aggressive early fluid resuscitation
and correction of arterial blood pressure, the incidence of AKI does not seem to decrease. One possible reason is that the excessive amount of fluid
administered to these patients for haemodynamic stabilisation and maintenance of urinary output harms
kidney function. Indeed, a correlation between total
amount of fluid administered, high central venous
pressure, organ dysfunction and mortality has been
shown in patients with severe sepsis and septic shock.
Established static and dynamic haemodynamic parameters are not influenced by the severity of capillary
leakage and microcirculatory impairment due to
inflammation-induced injury of capillaries [6–8]. The
relatively low perfusion pressure together with interstitial oedema, microcirculatory injury and high

outflow pressure (e.g. central venous pressure) may
harm renal function by a decreased glomerular urine
excretion. Intra-abdominal pressure (IAP), total body
water (TBW) and central venous pressure together
with the renal resistive index (RRI) may be additionally measured and integrated to reduce the rate of
AKI and to guide fluid therapy in shock.

Primary objective

In patients with shock, AKI is the most common
organ failure resulting in severe morbidity and mortality [9]. Because classical haemodynamic measurements [10–12] have failed to monitor and improve
the risk of AKI, we plan to prospectively evaluate the
correlation of regional parameters, such as IAP, RRI,
microcirculation and TBW, for occurrence of AKI
and renal replacement therapy.
We expect both IAP and the RRI to be higher in
patients with or at risk for AKI compared to those
without. We also expect to find consistent differences
in all parameters between patients with and without
AKI, as well as in patients with and without increased
lactate values. In contrast to established haemodynamic parameters of preload and flow, like central
venous pressure or cardiac output and blood pressure,
IAP and RRI are influenced by the severity of capillary leakage and microcirculatory impairment.
We hypothesise that by integrating IAP and RRI for
guidance of fluid resuscitation in shock, we will be
able to reduce incidence of AKI and the consecutive
need for renal replacement therapy as well as
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diminish fluid overload and its sequelae, but eventually patient morbidity and mortality.
The goal of the present study is to refine fluid resuscitation endpoints with additional regional measurements to administer the optimal amount of fluid
with the smallest possible adverse effects.
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Inclusion criteria

Participants fulfilling the following inclusion criteria are
eligible for the study:
 Adult patients (aged ≥ 18 years)
 Patient is in a state of shock (any type, fluid

dependent) upon admittance to the ICU

Methods
Trial design

This is an observational study of patients in shock to
explore values for intra-abdominal pressure, renal
resistive index (RRI), sublingual microcirculation and
measurement of total body water estimated using
bio-impedance analysis that correlate and eventually
signal AKI and need for renal replacement therapy.
We would like to recruit 100 patients right after the
diagnosis of shock.

Exclusion criteria

Participants meeting the following criteria are excluded
from the study:








Patients aged < 18 years
Non-shock state
Terminal state
Chronic atrial fibrillation
Pregnancy
Jehovah’s Witnesses
Chronic kidney disease

Approvals

Approval to conduct this study was granted by the
Ethics Committee of Northwestern and Central
Switzerland (EKNZ 2015-401) in September 2016.
The study is registered at ClinicalTrials.gov (identifier
NCT02666404) and at the Swiss National Clinical
Trial Portal (SNCPT; identifier SNCTP000001693).

Criteria for withdrawal/discontinuation of participants

Participants will be withdrawn from the study if one of
the following incidents occurs:
 Rapid recovery
 On demand of the patient or his representative

(next of kin/nominated consultee)
Setting
Study design

 Missing baseline values

This Observational Clinical Trial will be conducted at
the Surgical Intensive Care Unit of the University
Hospital Basel, Switzerland. Patient recruitment has
already begun.

After withdrawal/discontinuation of a participant,
data of this specific patient will not be used, and the
participant will be replaced by a new one to reach
our goal of 100 complete data sets. In case of ex-post
study withdrawal, patient data will be destroyed.

Sample size

Trial assessments

For the VoluKid pilot study, we will enrol a total of
100 patients in the state of shock. Assuming an
incidence of AKI of 40–60%, this sample size would
allow us to build a multivariable model for AKI
including the most relevant factors according to a
rule-of-thumb of 10 events per variable in a logistic
regression model [13].

Personal characteristics and demographic data

The following patient characteristics and demographic
data will be collected from patient files or assessed
upon admittance to the ICU:
 Past medical history (focused on coronary heart



Eligibility criteria
Patient screening and recruitment

All patients admitted to the ICU are automatically
evaluated for study eligibility. The diagnosis of shock
is mainly clinical, based on evidence of standardised
and internationally established shock criteria.
We will screen every admitted ICU patient for participation in the study until we reach the targeted
sample size.





disease, peripheral artery occlusive disease, diabetes,
kidney disease)
Intensive care severity scores: SOFA (Sequential
Organ Failure Assessment, Appendix 1 [14]) score
(daily), SAPS (Simplified Acute Physiology, see
Appendix 2 [15]) II score, CACI (Age-adjusted
Charlson Comorbidity Index, see Appendix 3 [16])
Administered pre-study blood products and intravenous fluids
Type of shock
Nature of initial surgical procedure(s) and
treatments
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Established parameters
 Demographic data (age, gender)
 Haemodynamic parameters (cardiac index [10],

central venous pressure [10, 11], blood pressure
[10, 12, 17], heart rate, central/mixed venous
oxygen saturation = ScvO2/SvO2, pulmonary
capillary occlusion pressure (PAOP) [10])
 Use of inotropic [18, 19] and vasoactive [19]
drugs (epinephrine, norepinephrine, milrinone,
dobutamine and levosimendan)
 Laboratory parameters (blood gas analysis
including lactate [19–22], HCO−3 , sodium [23],
potassium, blood sugar concentration [24] and
need for insulin therapy [25] with respect to need
for immunosuppressive therapy [26])
 Parameters of renal function (creatinine,
creatinine clearance, blood urea nitrogen,
cystatine C, urine output, potassium, urinary
protein/albumin, urinary sediment analysis,
sodium excretion fraction, need for renal
replacement therapy) [17, 27–36]
 Creatinine clearance after 24, 48 and 72 h
 Urinary sediment analysis at 72 h
 Urinary protein screening after 72 h
FLUID administration during study period (72 h)

Fig. 1 Study period overview

Page 4 of 15

 Total amount of fluids (mL) administered [1–3,

24, 37–41] with consideration of total sodium and
chloride administered
 Total amount of crystalloids (mL) administered
after onset of shock symptoms [28, 42]
 Total amount of colloids (mL) administered [27, 28,
43–46]: Voluven, Gelofundin, amount of albumin
infusion (ml of albumin 5 or 20%) [3]
 Amount of red blood cell [47–49], thrombocyte and
plasma transfusion (ml)
Alternative parameters influenced by severity of capillary
leakage and microcirculatory injury





Renal artery resistive index (Doppler analysis)
IAP (bladder pressure measurement)
TBW (bio-impedance analysis)
MBF [50] (CytoCam incident dark-field
illumination)

Trial measurements
Data sources and study measurements
Time points and techniques for data collection

Figure 1 shows an overview of the practical techniques, samples taken and the data collected at the
four time points of measurement.
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Measurements are performed at the following time
points:
1. As soon as patient is stable and measurements are
feasible
2. 24 h after admission
3. 48 h after admission
4. 72 h after admission
Experimental measurements

Bio-impedance analysis is a commonly used method
for assessment of body composition. It actually determines the electrical impedance (opposition to the flow
of an electric current through body tissues which can
then be used to calculate an estimate of TBW). TBW
is used to estimate fat-free body mass and, by difference with body weight, body fat. In our study, we use
the following device: BIA 101 Anniversary Sport Edition, AKERN, serial no ASE201305001.
Intra-abdominal pressure measurement: Elevated
IAP can be seen in a variety of critically ill patients.
The threat of intra-abdominal compartment syndrome
renders diagnosis and management of elevated IAP of
high importance for improvement of patient outcome.
IAP represents the pressure within the abdominal
cavity and is influenced by numerous factors: breathing (IAP increases with inspiration and decreases with
expiration), volume of solid organs or hollow viscera,
ascites, blood, tumours, gravid uterus and conditions
that limit abdominal wall expansion (scars, oedema).
Normal IAP is estimated at 5–7 mmHg in the critically ill; however, this varies according to disease severity with an IAP of 20–30 mmHg frequently found
in patients with severe sepsis or an acute abdomen
[51]. An IAP above 15 mmHg usually is associated
with significant end-organ dysfunction and failure in
consistence with grade II intra-abdominal hypertension (IAH) as defined by the International Conference
of Experts on Intra-Abdominal Hypertension and Abdominal Compartment Syndrome.
Analogous to the widely accepted concept of cerebral
perfusion pressure (CPP = mean arterial pressure minus
intracranial pressure), abdominal perfusion pressure (APP,
accordingly calculated as mean arterial pressure (MAP)
minus IAP) has been proposed as a more accurate predictor of visceral perfusion and as an endpoint for resuscitation [51–53]. One must note that APP, by considering
both arterial inflow (MAP) and restrictions to venous outflow (IAP), could be demonstrated to be statistically superior to MAP or IAP alone as well as to other common
resuscitation endpoints (e.g. arterial pH, base deficit, arterial lactate and hourly urinary output) for survival prediction from IAH/abdominal compartment syndrome (ACS)
(Fig. 1). A target APP of 60 mmHg is recommended
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since it has been demonstrated to correlate with improved
survival from IAH/ACS [52].
IAH has been defined as a sustained or repeated
pathologic elevation of IAP > 12 mmHg [51, 52] and
is graded as follows:
Grade I

IAP 12–15 mmHg

Grade II

IAP 16–20 mmHg

Grade III

IAP 21–25 mmHg

Grade IV

IAP > 25 mmHg

Doppler analysis for RRI: Renal resistive index (RRI)
is a commonly used ultrasound method based on the
Doppler effect to evaluate the peripheral resistance in
the respective organ. Using colour Doppler sonography, we
will locate interlobar arteries in the upper, middle and
lower pole of each kidney. During examination at least two
identical spectral waves will be examined to determine RRI.
The RRI of an interlobar artery is defined as the difference
between peak systolic and end-diastolic blood velocities divided by peak systolic velocity [54]. A mean of the six RRI
values is calculated resulting in one value per examination
and patient. In healthy volunteers, activation of autoregulatory mechanisms through compression of renal vessels can be assessed by a fall of RRI [55]. There seems to be
a strong correlation between RRI and renal functional reserve (RFR) which is defined as the capacity to increase the
glomerular filtration rate after a stress test (e.g. protein
load). Lack of RFR also is suggested to be a risk factor for
AKI. The course of RRI over time may therefore be considered as a surrogate of renal functional reserve indicating
the degree of kidney injury [56].
CytoCam incident darkfield illumination: Oxygen is
delivered
to
tissue
cells
exclusively
by
microcirculation,
which
involves
a
complex
interaction of the cellular systems, including red and
white blood cells, endothelial, smooth muscle and
parenchymal cells. The function of the organs is
directly dependent on the function of their respective
microcirculation. Therefore, achieving sufficient
microcirculatory function can be considered to be the
main purpose of the cardiovascular system and bears
particular importance to critically ill patients,
especially those in shock. Particularly in septic
patients, studies [57] have demonstrated adverse or
persistent alterations in microcirculation unresponsive
to therapy. In addition, these microcirculatory
alterations have been shown in various studies to be
independent of systemic hemodynamic variables,
making the observation of microcirculation a
potentially important extension of the conventional
systemic hemodynamic monitoring of critically ill
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patients which is part of the rationale for our studyspecific measurements [58–60].
CytoCam-IDF imaging can be regarded as a handheld
microscope using a pen-like probe incorporating IDF illumination for examination of the microcirculation [61].
Rationale for study measurements: We would like to
integrate CytoCam-IDF imaging of microcirculation in
our study to evaluate coherence between intraabdominal pressure and microcirculation of sublingual
tissue. We could reason to stop fluid resuscitation at the
level of intra-abdominal pressure where we measure full
resuscitation of sublingual microcirculation.
The aim of our study is to define an IAP value
associated with imminent kidney dysfunction and
failure and put it in context with the amount of
fluids administered for volume resuscitation (i.e.
TBW). We hope to establish a clear definition to
indicate the RRI levels at which normal/sufficient
kidney function is in danger, given the highly
probable connection between RRI and AKI.

Outcome measures
Primary outcome measure

The primary outcome measure is the incidence of acute
kidney injury (AKI).
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 Laboratory findings:

Lactate > 2 mmol/L [19, 64]
Base deficit < − 4 mEq/L [64]
PaCO2 < 32 mmHg
Exclusion criteria

Age < 18 years: We will only include adult patients in our
study.
Non-shock state: Patients who do not fulfil the
abovementioned criteria for the status of shock will not be
included in our study.
Terminal state: Patients suffering from an incurable
disease and who have a terminal illness will not be
included in our study.
Chronic atrial fibrillation: We define chronic atrial
fibrillation by an abnormal heart rhythm that
continuous for more than a week.
Pregnancy: A negative pregnancy test will be necessary
for study inclusion in women aged ≤ 45 years.
Jehovah’s Witnesses: We will not include adult
patients that are members of this religious
community.
Chronic kidney disease: We will exclude patients
with known deteriorated kidney function prior to ICU
admission.

Secondary outcome measures

Need for renal replacement therapy (first secondary
outcome; KDIGO staging for severity of AKI, see
Appendix 4 [62]), length of ICU stay (hours), changes
in SOFA score over time (daily assessment of SOFA
score), length of hospital stay (days), need for
mechanical ventilation, in-hospital and 30- and 90-day
mortality.

Definitions/conditions
Inclusion criteria
Criteria for diagnosis of shock state:

Primary outcome measure

We define AKI by KDIGO stage 1 [62] or a need for
renal replacement therapy [27]. The necessity for RRT is
defined as cumulative positive fluid balance > 0.1 l/kg
body weight AND
 Urin output < 0.5 ml/kg for 12 h OR
 Serum potassium level > 5.5 mmol/l OR
 paO2 < 10 kPa with PEEP levels > 12 mbar

Serious adverse event
 Evidence of insufficient tissue perfusion

(obtundation, oliguria, peripheral cyanosis and
skin mottling)
 Signs of compensatory mechanisms (tachycardia,
tachypnoea, diaphoresis)
 Fluid dependency based on fluid responsiveness,
defined as increase in cardiac output or stroke
volume following a preload challenge [63]
 Specific criteria:
Altered mental status
Heart rate > 100
Respiratory rate > 22 [64]
Hypotension (systolic BP < 90 mmHg) [65, 66] or
a 30-mmHg fall in baseline BP
Urine output < 0.5 mL/kg/h

Serious adverse events (SAEs) are classified as any medical
occurrence that results in death, is life-threatening, requires prolongation of existing hospitalisation, or results
in persistent or significant disability/incapacity.

Study period overview
The study period consists of enrolment and three
additional scheduled measurement points after 24, 48,
and 72 h (Fig. 1). Enrolment is defined as the point of
time the shock state is being detected.
Screening

As mentioned above, all patients admitted to the ICU are
automatically being evaluated for study eligibility (Fig. 2).
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Fig. 2 Steps of evaluation of study eligibility

Data management
Data collection methods

The collected data will be summarised and stored in an
electronic Case Report Form established by the Clinical
Trials Unit (CTU) Basel.

All study data will be archived for a minimum of
10 years after study termination or premature
termination of the clinical trial.
Data collection and follow-up of withdrawn participants

An individual participant will be excluded from the study
if any of the following occur in the participant in question:
Data handling

In agreement with GCP guidelines for anonymization
of patient data, our Case Report Form will include
only the patient’s surname and year of birth, which
together will be used to issue a unique file number.
As we will perform further measurements in addition
to the established parameters currently used for
guidance of fluid resuscitation of patients in shock,
the investigators will not need to be blinded. The
treating board-certified intensivist will not have access
to the data. All data from this multicentre study will
be kept within the Investigator Site File, and only the
study team will have access to it.

 Withdrawal of consent by the patient or the

independent physician
 An adverse event occurs that, in the opinion of the

sponsor, contraindicates further measurements
(emergency setting)
Participants who could not be followed over the
intended period and all designated points of
assessments, regardless of reason, will not be
followed. Unless consent for follow-up is withdrawn,
participants will be followed for the full study period
with all laboratory and clinical evaluations collected
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as defined in the protocol. We guarantee that our
measurements will in no way delay therapy.
Data monitoring

No regular monitoring visits at the investigator’s site
prior to the start and during the course of the study are
planned by the Sponsor.
The source data/documents will remain accessible
to monitors, and questions will be answered during
any possible monitoring.
Data collection (e.g., assessment of RRI) will be
closely supervised by the project partners and the
sponsor of the study.
Confidentiality and data access

The investigator affirms and upholds the principle of
the participant’s right to privacy and that they shall
comply with applicable privacy laws. Anonymity of
the participants will be expressly guaranteed when
presenting the data at scientific meetings or
publishing them in scientific journals.
Medical information of individual participants
obtained as a result of this study will be considered
confidential, and disclosure to third parties will be
prohibited. If necessary, participant confidentiality will
be further ensured by utilising participant identification
code numbers to correspond to treatment data in the
computer files. Only the study team will gain access to
study-specific data.
For
data
verification
purposes,
authorised
representatives of the Sponsor (Investigator), a
competent authority (e.g. Swissmedic) or an ethics
committee may require direct access to parts of the
medical records relevant to the study, including each
participant’s medical history.
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describing the study and providing sufficient
information for participant to make an informed
decision about their participation in the study.
Depending on the participant’s state of health, there
might be no time for the enrolment decision.
The patient information sheet and the consent form
will be submitted to the CEC to be reviewed and
approved. If possible, the formal consent of a
participant, using the approved consent form, must
be obtained before the participant is submitted to any
study procedure.
If possible, the participant or their representative
should read and consider the statement before signing
and dating the informed consent form and should be
given a copy of the signed document. The consent
form must also be signed and dated by the
investigator (or his designee), and it will be retained
as part of the study records.
If the patient’s general condition does not allow
informed consent, an independent physician (not
member of the study group) will evaluate this specific
patient’s enrolment in our study and sign the
informed consent form in the patient’s name as his
representative. After recovery, the patient will be
informed about his/her participation in the trial and
he/she will have the possibility to withdraw his data
from the study. In case of ex-post study withdrawal,
patient data will be destroyed.
The sponsor/investigator may terminate the study
prematurely according to certain circumstances, for
example:
 Ethical concerns
 Insufficient participant recruitment
 When the safety of the participants is doubtful or at

risk
 When there are alterations in accepted clinical

Patient information and informed consent
As we will only include patients in shock in our
study, whenever possible, we will explain the nature
of the study, its purpose, the procedures involved, the
expected duration, the potential risks and benefits
and any discomfort it may entail to each participant.
Each participant will be informed that the
participation in the study is voluntary and that he/she
may withdraw from the study at any time and that
withdrawal of consent will not affect his/her
subsequent medical assistance and treatment.
If anyhow possible, the participant or their
representative will be informed that the patient’s medical
records may be examined by authorised individuals
other than their treating physician.
All participants in the study will be provided a
participant information sheet and a consent form

practice that make the continuation of the study
unwise
In case of preterm study termination, the collected
data will not be published.

Ethics and dissemination
Ethical conduct

The study will be carried out in accordance to the
protocol and with principles detailed in the current
version of the Declaration of Helsinki, the guidelines of
Good Clinical Practice (GCP) issued by ICH, in case of
medical device: the European Directive on medical
devices 93/42/EEC and the ISO Norm 14155 and ISO
14971, the Swiss Law and Swiss regulatory authority’s
requirements. The CEC and regulatory authorities will
receive annual safety and interim reports and will be
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informed about study termination/end in agreement
with local requirements.

in shock. This study has a strong potential of benefits
for future ICU patients.

Research ethics approval

Methods of minimising bias

The Sponsor is responsible for implementing and
maintaining quality assurance and quality control
systems with written SOPs and Working Instructions
at all sites in this multicentre study. The principal
investigator is responsible for proper training of all
involved study personnel.
The responsible investigator ensures that approval
from an appropriately constituted Competent Ethics
Committee (CEC; EKNZ in Switzerland) is sought for
the clinical study.
Since all our measurements are non-invasive, serious adverse events are not to be expected in our
study.
The sponsor and principal investigator are
responsible to report all changes in the research
activity and all unanticipated problems involving risks
to humans, this includes planned or premature study
end and the final report. The principal investigator
guarantees that no changes will be made to the
protocol without prior sponsor and CEC approval,
except where necessary to eliminate apparent
immediate hazards to study participants.
Premature study end or interruption of the study
will be reported within 15 days. The regular end of
the study will be reported to the CEC within 90 days,
and the final study report will be submitted within
1 year after study end.

Patients in shock require intravascular volume
resuscitation. On our case report form, we will
document the amount and type of volume
administered, perform the foreseen measurements and
analyse the predictive value for AKI post hoc. We
hope to use our dataset to establish new endpoints to
guide fluid resuscitation in patients in shock.
Due to the pure observational approach, our study
has a very low risk for bias. We only are looking for
correlations between the measured parameters,
amount and type of fluid administered and the
incidence of AKI. From this data, no causality should
be generated.

Protocol amendments

Substantial amendments will only be implemented
after approval of the CEC and Competent Authority
(CA), respectively. Under emergency circumstances,
deviations from the protocol to protect the rights,
safety and well-being of patients may proceed without
prior approval of the sponsor and the CEC/CA. Such
deviations will be documented and reported to the
sponsor and the CEC/CA as soon as possible.
All non-substantial amendments will be communicated to the CA as soon as possible if applicable and
to the CEC within the Annual Safety Report (ASR).

Audits and inspections

No audit of trial conduct is planned. The study
documentation and the source data/documents will
remain accessible to auditors/inspectors (also
Competent Ethics Committee and Competent
Authorities), and questions will be answered during
inspections. All involved parties will keep the
participant data strictly confidential.
Declaration of interests

This study protocol was composed and approved by
both the sponsor and principal investigator. No part
of this study will be submitted elsewhere either in
total or in part. Each of the authors declares that
there are no conflicts of interest.
Ancillary and post-trial care

Not applicable. No financial or other form of
compensation for study participation will be provided.
Publication and dissemination policy

Study results will be communicated to patients based on
expected early convalescence from shock. There will be
no public access to our data during the study and until
publication.
We plan to publish the data in a major peer-reviewed
clinical journal.

Patient safety

As we are only performing non-invasive measurements
in additional to interventions, pharmacotherapy and
current routine measurements in patients in shock,
there will be no contributing risk to patients by study
enrolment. By using study-specific measurements (bioimpedance analysis, Doppler analysis, CytoCam incident dark-field illumination), we expect to develop a
more precise way to guide fluid resuscitation in patients

Statistics
Sample size calculation

Since no pilot study has been done to determine the
standard deviation of our population, our sample size
calculation has been based on the assumption of AKI
incidence between 40 and 60%. Thereby, a random
sample of 100 patients with a sample proportion of
0.5 and a confidence interval of 95% (i.e. z* value of
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1.96) reveals a margin of error of +/− 1.96 × 0.05 =
0.098, or 9.8%. So our 95% confidence interval for the
percentage of times our patients will develop AKI is
0.5 (or 50%), +/− 0.098 (rounded to 0.1 or 10%). In
other words, using a confidence level of 95% and a
confidence interval of 10 with the assumption that
50% (40–60%) develop AKI, the calculated sample
size would be 96.

Page 10 of 15

There will be no interim analyses or stopping
guidelines for the study except in the event of a
patient’s death. Even if there is any indication that
integration of the additional parameters lowers the
incidence of AKI and renal replacement therapy in the
planned prospective evaluation of fluid volume
resuscitation management guided by IAP and RRI, we
will continue and finish the study as planned. No fixed
interim analysis is planned at this point.

Statistical analysis

Baseline characteristics will be summarised for
patients with and without AKI using mean (standard
deviation), median (interquartile range) or number
(percentages), as appropriate.
To investigate the association of the new
parameters with the occurrence of an AKI, we will
compare the difference between measurements taken
after admittance to the ICU with baseline values in
patients with and without AKI using a two-sample t
test. In addition, we will build a logistic regression
model including the differences between these same
measurements for the following parameters: volume
of infusion, IAP, RRI and cardiac output. We will repeat this model using the differences between measurements taken 24 h after admittance to the ICU
and the baseline values.
More precisely, we will use the simple logistic
regression with AKI as the dependent variable to
separately estimate the influence of the independent
variables (i.e. volume of infusion, RRI, IAP and cardiac
output). With the multiple logistic regression with the
same dependent and independent variables, we will
investigate the combined influence of volume of
infusion, RRI, IAP and cardiac output on AKI in varying
combinations of the dependent variables depending on
the results of the simple logistic regression.
In addition, we will plot the course of IAP, RRI,
cardiac output and blood pressure on a time scale
and mark the time-point at which AKI was detected
to find a possible correlation between the extent of
change of values and the anticipation/early detection
of AKI.
Secondary outcomes (need for renal replacement
therapy (KDIGO staging for severity of AKI), length
of ICU stay, length of hospital stay, need for
mechanical ventilation in-hospital and 30- and 90-day
mortality) will be explored descriptively. The course
of IAP and RRI together with cardiac output and
blood pressure will be plotted over time in patients
with and without AKI and in patients with and without decrease in lactate.
All analyses and graphs will be performed using
Intercooled Stata Version 13.1 for Macintosh
(StataCorp, College Station, TX, USA).

Results
Participant recruitment began in January 2016, and
completion is estimated for end 2018. All patients
admitted to the Surgical Intensive Care Unit,
University Hospital Basel, Switzerland, are screened
for study eligibility.
Discussion
Trial rationale

Complexity of therapy in severe sepsis and septic
shock as well as in other shock states was the topic
of numerous studies showing no benefit of advanced
macrocirculatory parameters for guidance of fluid
resuscitation in shock. In our study, we follow a new
approach due to prospective analysis of the studyspecific measurements. Independent from our objective to establish new endpoints for guidance in shock
therapy, our research is planned to be expanded to
the evaluation of future therapies [67], such as renal
biomarkers (e.g. liver fatty acid binding protein (LFABP), (NGAL), kidney injury molecule-1 (KIM-1)
and N-acetyl-β-D glucosaminidase (NAG)) [68, 69].
After establishment of more regional volume
resuscitation endpoints, we plan to evaluate these
endpoints in a randomised, controlled setting against
established of haemodynamically guided shock
therapy. Evidence from these regional parameters
combined with the measurement of renal biomarkers
might help to detect patients who would or would
not benefit further from volume resuscitation.

Conclusion
The study’s main strength is the innovative approach
of implementation of new methods to assess volaemia
and parameters indicating AKI in patients in shock
who undergo volume resuscitation in the ICU. The
aim is to anticipate or evidence AKI earlier based on
the detection of a pattern change of the patient’s
volume status. The VoluKid study will recruit from
the surgical intensive care unit, University Hospital
Basel, Switzerland. The study is limited by the
heterogeneous general condition and past medical
history of critically ill patients who suffer from
different types of shock.
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Appendix 1
Table 1 Sequential organ failure assessment (SOFA) score
Variables/points

1

2

3

4

Neurological
Glasgow Coma Scale

13–14

10–12

6–9

<6

Pulmonary
PaO2/FiO2 (mmHg)

< 400

< 300

< 200 and respiratory
support

< 100 and respiratory
support

Cardiological
Mean systolic arterial
pressure (mmHg;
μg/kg/min)

< 70

Dopamine ≤ 5
OR
Dobutamine
(whatever dose)

Dopamine > 5
OR
Epinephrine ≤ 0.1
OR
Norepinephrine
≤ 0.1

Dopamine > 15
OR
Epinephrine > 0.1
OR
Norepinephrine > 0.1

171–299

300–440

> 440

< 500

< 200

Renal
a. Blood creatinine
(μmol/L)
OR
b. Diuresis (mL/d)

a

110–170

b

Haematological
Platelets (x10S9/l)

< 150

< 100

< 50

< 20

Hepatic
Blood bilirubin (μmol/L)

20–32

33–101

102–204

> 204
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Appendix 2
Table 2 SAPS II score
Simplified Acute Physiology Score (SAPS II) and expanded version: add worst value for last 24 h
SAPS II

0 points

Abnormal value points

Age (years)

< 40

50–59

60–69

70–74

75–70

≥ 80

7 points

12 points

15 points

16 points

18 points

Heart rate (bpm)

70–119

40–69

120–159

≥ 160

< 40

2 points

4 points

7 points

11 points

Systolic blood pressure (mmHg)

100–199

≥ 200

70–99

< 70

2 points

5 points

13 points

Body temperature (°C)

< 39

100–199

< 100
11 points

≥ 39
3 points
≥ 200

Only if on mechanical ventilation:
PaO2 (mmHg/FiO2)

6 points

9 points

0.5–0.9

< 0.5

4 points

11 points

10–29.9

≥ 30

6 points

10 points

≥ 20

< 1.0

3 points

12 points

Urinary output (L/day)

≥1

Blood urea nitrogen (mmol/l)

< 10

White blood cells (/mm3)

1–19.9

Potassium (mmol/L)

3–4.9

< 3 or ≥ 5

Sodium (mmol/L)

125–144

≥ 145
1 points

5 points

Bicarbonate (mmol/L)

≥ 20

15–19

< 15

3 points

6 points

Bilirubin (μmol/L)

< 68.4

68.4–102.5

≥ 102.6

4 points

9 points

Glasgow Coma Scale

14–15

11–13

9–10

6–8

<6

5 points

7 points

13 points

26 points

SAPS II

0 points

3 points

Chronic disease

Type of admission

Scheduled surgical

< 125

Abnormal value
points
Metastatic cancer

Haematological
malignancy

AIDS

9 points

10 points

17 points

Medical

Unscheduled
surgical

6 points

8 points
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Appendix 4
Table 4 KDIGO staging for AKI severity
Stage

GFR/serum creatinine criteria

Urine output criteria

Stage 1

1.5–1.9 times baseline
or
≥ 26.5 μmol/L increase
within 48 h

< 0.5 mL/kg/h for 6–12 h

Stage 2

2–2.9 times baseline

< 0.5 mL/kg/h ≥ 12 h

Stage 3

3 times baseline
or
Increase in serum
creatinine to ≥ 354
μmol/L
or
Initiation of renal
replacement therapy

< 0.3 mL/kg/h ≥ 24 h
Or
Anuria for ≥ 12 h

KDIGO staging for severity of acute kidney injury defines AKI as any of the
following: increase in serum creatinine by 26.5 μmol/L or more within 48 h or
increase in serum creatinine to 1.5 times baseline or more within the last
7 days or urine output less than 0.5 mL/kg/h for 6 h
The KDIGO has also recommended a staging system for the severity of the
AKI, but KDIGO consensus classification has yet to be validated
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