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Abstract

Background: Open oesophagectomy is associated with significant morbidity and mortality. Minimally Invasive
Oesophagectomy (MIE) is proven to be an effective less invasive alternative. Appropriate intravenous (I.V.) fluid
therapy during this procedure remains a challenge. It remains unclear if colloids such as hydroxyethyl starch
(HES) or gelatines are safe and efficacious for intraoperative use.

Objectives: In this study we examined if adding colloids to crystalloids intraoperatively had an effect on
postoperative Acute Kidney Injury (AKI), mortality, and morbidity; when compared to using only crystalloids.
Design and setting: This retrospective observational study included 220 patients who underwent a MIE at the
University Hospital of Ghent.

Methods: The usage of only crystalloids was compared with the usage of crystalloids and colloids (HES and/or
gelatines). The primary outcome was AKI as defined by KDIGO criteria. Secondary outcomes were mortality (at
30 days, 90 days, and 1 year), length of stay (LOS) in the hospital, and the incidence of postoperative pneumonia.
Results: 184 patients were administered only crystalloids, against 32 patients who were administered crystalloids
and colloids (HES and/or gelatines). AKI occurred in only 2 patients (one in each fluid group), no further analyses
was possible for this outcome. The estimated difference in 30-day, 90-day, and 1-year survival probability is
0.003 (95% CI: -0.003, 0.008), 0.012 (95% CI: -0.013, 0.037), and 0.04 (95% CI: -0.048, 0.129), respectively.
There is thus a small, but non-significant, benefit of adding HES or gelatines during the operation. No significant
effect was found for LOS or postoperative pneumonia.

Conclusion: The administration of intraoperative colloids (HES or gelatines) alongside with crystalloids during
MIE, was not associated with an increase in the incidence of AKI, mortality, length of stay, or postoperative
pneumonia, when compared with only crystalloids.
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Introduction

Oesophagectomy is a high-risk surgical procedure
associated with significant morbidity and mortality.
Open oesophagectomy results in considerable trauma
of access, generates a substantial systemic inflammatory
response and is associated with significant postoperative
pain and reduced postoperative mobilisation, resulting
in significant impact upon quality of life**.

Minimally invasive oesophagectomy (MIE) is
shown to be as effective as open oesophagectomy
and is associated with some beneficial outcomes
such as less perioperative blood loss, reduced rate
of pulmonary infections, a shorter hospital length of
stay, and enhanced recovery and quality of life**¢.
However, MIE brings with it specific anaesthetic
challenges such as prolonged surgery, prolonged
period of one lung ventilation, and difficulties with
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Gent), Corneel Heymanslaan 10, 9000 Ghent, Belgium - head of department Prof. Dr. Prof. dr. Renaat Peleman. The internal
reference number of this study is THE-2023-0264 and approval took place on September 28 2023. .
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assessment of fluid status and potential pulmonary
complications of fluid overload***.

There is a general consensus to restrict fluid
administration during thoracic surgery to reduce
acute lung injury and postoperative pulmonary
complications. Conversely, inadequate intravascular
volume may compromise tissue oxygenation,
organ perfusion, and potentially increase the risk
of anastomotic failure and leak. Appropriate fluid
therapy should therefore be provided and current
enhanced recovery after surgery (ERAS) guidelines
recommend goal-directed fluid therapy (GDT) to
maintain euvolemia'**’. Numerous studies have
shown benefit of GDT by combining the use of
fluids, ionotropes, and the use of measurements and
indicators of cardiac output and stroke volume to
improve blood flow intraoperatively to ultimately
reduce mortality, morbidity and length of stay
(LOS)207274849

Therefore, 1.V. fluid therapy plays a vital role in
establishing and maintaining cellular homeostasis
perioperatively and in hospitalised patients. And
while the correct use of fluids can be lifesaving,
recent literature demonstrates that inappropriate
fluid therapy can lead to significant morbidity and
mortality. Ranging from inadequate resuscitation
or rehydration leading to tissue hypoperfusion and
hypoxia; to fluid overload, tissue oedema, organ
damage and failure, electrolyte derangement,
coagulation abnormalities, and increased need
for transfusion. For these reasons, it has been
recommended that the use of fluid therapy should
be considered as medications in and of itself with
specific indications, contra-indications and adverse
effects. The type and dose of fluids for specific
contexts and should be individualised to the patient
rather than a ‘one size fits all” approach”*¥.

Subsequently the optimal choice of fluids for
peri-operative resuscitation remains unclear and has
been an ongoing debate and point of controversy.
Clinically, fluids can be categorised into crystalloids
and colloids. Crystalloids, solutions containing
small molecules (mainly electrolytes or glucose
molecules) can further be divided into normal
saline (NaCl 0,9%) and balanced crystalloids (such
as Hartmann and Plasmalyte) and are thought
to easily pass through capillary membranes
expanding to extravascular space. Colloids, either
synthetic such as hydroxyethyl starches (HES)
or gelatines, or natural human albumin, contain
macromolecules and are theoretically expected to
remain intravascularly, due to their so called ‘colloid
oncotic pressure’. However, even though colloids
may theoretically be more effective physiologically
in reducing overall fluid amount and tissue oedema,
numerous clinical trials have demonstrated that
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the difference in fluid balance achieved by use of
colloids over crystalloids is generally fairly modest
and often transient'> 262241,

These discrepancies have led to the development
of a revised Starling model which incorporates the
role of the endothelial glycocalyx in transcapillary
fluid flow and plays a vital role in maintaining
vascular integrity. This revised model could possibly
explain why in systemic inflammatory states such as
sepsis, burns, polytrauma, and surgery the integrity
of the glycocalyx barrier is lost, inducing increased
capillary permeability and fluid extravasation.
Resulting in equivalent efficacy of resuscitation
between crystalloids and colloids?5%32,

Moreover, in recent years a number of large
RCTs in critically ill patients have demonstrated
a higher mortality and incidence of acute kidney
injury (AKI) and renal replacement therapy (RRT)
with colloids compared with crystalloids, and more
specifically associated with HES*#, AKI in itself
has been associated with a substantial increase in
morbidity and mortality**¥**. For instance, ‘6S’
study found a higher mortality and RRT with HES
vs Ringer’s acetate in patients with severe sepsis'>.
Furthermore, in a subanalysis of the ‘SAFE’ study,
there was a higher mortality in patients with
traumatic brain injury (TBI) who were treated with
albumin vs. saline'. Additionally, the ‘CHEST’
trial demonstrated an increase in RRT with HES
vs. saline, and recommended that HES should be
avoided in patients with severe sepsis or other
critically ill patients at high risk for AKI**. The
‘CRISTAL’ trial however showed no difference
in 28-day mortality, but lower 90-day mortality,
more ventilator free and vasopressor-free days
with colloids vs. crystalloids'. A 2018 systematic
Cochrane review found no significant difference in
mortality but increases in need for transfusion, RRT,
and rash with HES vs. crystalloids®. In view of
these findings, in 2013 both the FDA and European
Medicines Agency issued warning against the
use of HES in patients with critical illness, renal
dysfunction, burns, or sepsis®. The use of HES has
since then been under a lot of scrutiny.

However, it should be noted that these RCTs
and subsequent warnings mainly concern a specific
subgroup of ICU patients. The scientific evidence
to guide fluid choice in the perioperative setting is
limited and the findings and recommendations from
septic and critically ill patients has been translated to
the surgical patient without a clear rationale. While
some have recommended avoiding perioperative
HES, based in part on above mentioned critical care
trials, others have argued that there is a role for the
protocolized use of third generation HES or gelatines
at lower doses and for shorter durations in selected



surgical patients. Most recently, the ‘FLASH’ trial,
a large multicentre double-blind RCT compared 6%
HES 130/0.4 with 0.9% saline in high-risk surgical
patients using goal directed fluid therapy during and
up to 24 after abdominal surgery. No significant
difference in a composite outcome of death or
major postoperative complications were found at
14 days. As such, these findings do not support the
use of HES during surgery'. Additionally, most
RCTs, reviews and meta-analyses on colloids vs.
crystalloids do not demonstrate a benefit with a
suggestion of harm?-3536:40-4245.48

Some notable exceptions in favour of colloids
are a 2018 RCT comparing HES with Plasmalyte
in an intraoperative goal directed fluid therapy
using a closed loop system, which suggested fewer
postoperative complications with colloid-based
goal-directed fluid therapy, possibly related to a
lower intraoperative fluid balance*. Additionally,
a 2021 systematic review and meta-analysis
researching the safety and efficacy of HES in
surgery and trauma, suggested that HES are safe and
efficacious in the perioperative setting, and that with
adequate indication, a combination of crystalloids
and volume replacement with HES might have
a clinically beneficial effect over using only
crystalloids, with a reduced need for vasopressors
and decreased length of hospital stay*. Lastly, a
2017 review of perioperative choice of fluid type,
suggested that restoration of intravascular volume
after acute hypovolemia might be more effective
using colloids, and that colloids might have a
restorative capacity for the endothelial glycocalyx
and microcirculatory function®.

Thus, the literature on the debate between
colloids and crystalloids remains inconclusive.

In this retrospective study, we observed if
the choice of perioperative fluid (colloids vs
crystalloids) during MIE, had any impact on
postoperative mortality, morbidity, and AKI.

Methods

This study utilized data from a large surgical data
base of patients undergoing an oesophagectomy
at the University Hospital of Ghent. This study
was approved by The Ethics committee (EC) of
University Ghent (Ugent) and Ghent University
Hospital (UZ Gent), Corneel Heymanslaan 10, 9000
Ghent, Belgium - head of department Prof. Dr. Prof.
dr. Renaat Peleman. The internal reference number
of this study is THE-2023-0264 and approval took
place on September 28 2023. The requirement for
obtaining patient consent was waived because the
study utilized only previously collected data.

All surgical patients who underwent a minimally

invasive oesophagectomy (MIE) between October
2015 and December 2021 at the University
Hospital of Ghent were included. General
patient demographic data was acquired from the
preoperative consultation. Surgical data and specific
cancer related data was provided from the surgical
department. Perioperative data was collected from
anaesthesiology charts. Lastly, postoperative data
and laboratory results were collected from the ICU
and surgical hospitalisation. Long term follow-up
data collection was acquired either from surgical
follow-up in hospital or from the national medical
data accessing portal COZO. All data was reviewed
and validated by anaesthesiology residents. In total,
220 patients were included.

All patients were administered crystalloids. A
comparison of only crystalloids vs only gelatines
and/or HES is thus not possible. However, we can
still contrast administering gelatines and/or HES
with not administering them. Furthermore only 7
and 25 patients were administered gelatines and
HES, respectively. This will probably not suffice to
detect a treatment effect, if present. To (slightly)
increase the power, we looked at the effect of
receiving gelatines or HES. Thus, fluid therapy
was categorized as either only crystalloids or
crystalloids and colloids (HES and/or gelatines).
The crystalloids used were normal saline (NaCl
0,9%), Hartmann, and Plasmalyte. The HES used
was Volulyte (6% HES 130/0.4 in a balanced
electrolyte solution), and the gelatin used was
Geloplasma (a modified balanced fluid gelatin).

Intraoperatively, fluid administration was
carefully managed. Fluid overload was avoided to
minimize the risk of potential pulmonary oedema
associated with surgical manipulation of the lungs. A
central venous pressure (CVP) goal was set between
5 — 10 mmHg, diuresis was maintained above 0.5
ml.kg-1.hr-1, and baseline fluid administration
was set at = 3.5 ml.kg-1.hr-1 to maintain left
ventricular end diastolic volume index (LVEDI)
and cardiac index (CI), as suggested by Concha et
al. for laparoscopic surgery®. Fluid losses on top
of baseline fluid administration were compensated.
Low dose furosemide (2.5 — 5 mg) was considered
in case of oliguria despite of abovementioned fluid
management.

The primary outcome was the incidence of
postoperative AKI according to the Kidney Disease:
Improving Global Outcomes (KDIGO) definition’.
AKI was defined as any of the following outcomes:
increase of serum creatinine > 0,3 mg/dl within 48h
or > 50% within 7 days.

The secondary outcomes included mortality,
both at 30 days, 90 days and l-year survival;
and morbidity outcomes were defined as length of
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stay (LOS) in the hospital, and the incidence of
postoperative pneumonia.

For statistical analysis the program R was used.
For time-to-event outcomes (survival and LOS),
a Kaplan-Meier analysis was used to estimate the
outcomes. To control for baseline variables, a Cox
proportional hazard (PH) model was used since it
requires the fewest assumptions. The main problem
with a Cox PH model is the interpretation. In this
analysis the effect of the variables on survival and
LOS are summarized in a hazard ratio model. This
reveals a positive or negative effect, but is difficult
to interpret the size of the effect. To overcome
this, the estimated survival was evaluated with a
counterfactual survival function (or regression
standardization) for the Cox PH model. For binary
outcomes such as pneumonia, a logistic regression
model was used. The effect of such a model is
expressed in odds ratios. No further regression
standardization was needed. Some pragmatic
choices in the statistical analysis were needed
to increase the power of the analysis. These are
further explained alongside the results.

Results
General Data Exploration

We start with a very general data exploration to
gain some insights into the data. The following
Table I summarizes all important variables. For
continuous variables, the median and quartiles are
given. P-values for the comparison of crystalloids
with crystalloids + gelatines or HES are also given.
These p-values are merely exploratory and should
not be interpreted too much.

A few comments are in place after looking at
this table:

For some variables, there is a considerable
amount of missing data. In principle, specialized
methods are available to deal with this. However,
this is already quite advanced and outside the scope
of the current analysis. Therefore, an available
case (AC) will be used further on. AC means that
observations with missing values are ignored if
the missing value is required for the analysis. If
a patient has a missing value in a variable that is
not used in a particular analysis method, then this
patient is still used for the analysis. The power of
an AC analysis decreases considerably if a variable
with many missing values is used. Therefore,
the following variables with too many missing
values will not be used: Body Mass Index (BMI),
estimated glomerular filtration rate preoperative
(eGRF preop), and Coronary Heart Disease.

This is a rather pragmatic choice. Indeed,
these variables could be important. Nonetheless,
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including these variables would mean that the
effective sample size decreases significantly, which
results in decreased power.

Some binary baseline variables have a very
unbalanced distribution, i.e., categories with only
few patients. These are not further used because
they are not very informative and could lead to
instability in estimation of the models: Chronic
Obstructive Pulmonary Disease (COPD) and liver
disease.

The following variables will be “controlled
for” in all subsequent analyses. If these variables
are sufficient to control confounding, then the
resulting treatment effect estimates can be given
a causal interpretation. However, unmeasured
confounding variables are very likely. Hence, one
should be careful with causal interpretations. Even
more so because this is retrospective data. These
variables are: Diabetes Mellitus (DM), Arterial
Hypertennsion (AHT), Preoperative Creatine (creat
preop), Preoperative Hemoglobin (Hb preop), Total
Duration, Lymph Nodes Staging, Total Amount of
Crystalloids.

AKI

Only 2 patients fit the definition of AKI. One in
each fluid group, both KDIGO Stage 1. Further
analyses are not possible with only 2 cases. Thus,
no significant difference was detected.

Mortality

In this section, the survival outcomes are analyzed.
We start with an exploration of the survival data.
Next, a Cox proportional hazards (PH) model is fitted
taking into account possible confounding variables.
From this Cox PH model, the I-year survival
probabilities for the different treatment groups are
computed together with estimates of uncertainty
(standard errors and confidence intervals).

Data Exploration

In survival analysis, the most basic analysis is the
Kaplan-Meier (KM) survival function. This is a
non-parametric method to estimate the survival
function, possibly stratified by categorical variables.
In this context, “non-parametric” means that this
analysis does not rely on any assumptions, except
independent censoring. The latter signifies that
censoring should be independent of the actual
survival time. This is actually assumed in every
survival analysis, but can often be justified. In these
data, censoring is mostly “at random”, i.e., not
related to the survival time itself.

The overall KM estimate of the survival function
is shown in the next plot (Figure 1) together with a
95% confidence interval (CI).



Table I. — General Data exploration.

Characteristic Only Crystalloids, N = 184 Crystalloids + HES or Gelatines, N = 32 p-value
Sex 0.7
Man 150 (82%) 27 (84%)

Woman 34 (18%) 5 (16%)
COPD 19 (10%) 6 (19%) 0.2
AHT 73 (40%) 17 (53%) 0.2
BMI 25.1(22.8,28.5) 25.8(23.4,28.0) 0.8
Unknown 30 4
DM 30 (16%) 3 (9.4%) 0.4
Liver Disease 9 (4.9%) 0 (0%) 0.4
Coronary Heart Disease 26 (15%) 2 (6.5%) 0.3
Lymph Nodes Staging (N) 0.6
0 102 (56%) 15 (47%)

1 52 (28%) 12 (38%)

2 21 (11%) 3 (9.4%)

3 8 (4.4%) 2 (6.3%)

Total duration (min) 498 (444, 546) 513 (458, 568) 0.4
Duration abdominal (min.) 200 (180, 240) 210 (161, 240) 0.6
Unknown 9 0

Duration thoracic (min.) 195 (180, 240) 198 (164, 229) 0.4
Unknown 9 0

Crystalloids (n) 182 (100%) 32 (100%)

Unknown 2 0

HES 0 (0%) 25 (78%) <0.001
Gelatines 0 (0%) 7 (22%) <0.001
Total Crystalloids (ml) 3,500 (2,700, 4,000) 3,500 (2,500, 5,000) 0.5
Unknown 2 0

Hartmann (ml) 2,500 (1,000, 3,000) 2,750 (2,000, 3,625) 0.035
Unknown 2 0

Plasmalyte (ml) 0 (0, 1,000) 0(0,0) 0.015
Unknown 2 0
NaCl 0.9% (ml) 0.5
0 12 (6.6%) 0 (0%)

500 158 (87%) 29 (91%)

1000 9 (4.9%) 3 (9.4%)

1500 2 (1.1%) 0 (0%)

2000 1 (0.5%) 0 (0%)

Unknown 2 0

Volulyte (ml) <0.001
0 184 (100%) 7 (22%)

500 0 (0%) 19 (59%)

1000 0 (0%) 6 (19%)

Hb preop 12.85 (11.53, 13.90) 12.70 (11.58, 13.98) 0.8
Unknown 2 0

eGFR preop 73 (58, 79) 68 (58, 85) 0.7
Unknown 123 22

Creat preop (mg/dl) 0.87 (0.72, 1.02) 0.80 (0.73, 1.01) 0.6
Unknown 2 1

Creat day 1 postop 0.76 (0.66, 0.91) 0.71 (0.62, 0.84) 0.3
Max. creat day 2-7 0.72 (0.63, 0.82) 0.69 (0.60, 0.85) 0.5
LOS ICU (days) 1.00 (1.00, 2.00) 1.00 (1.00, 2.00) >0.9
Unknown 16 0

LOS hospital (days) 14 (11, 20) 14 (12, 21) 0.7
Unknown 1 0

Pneumonia 56 (30%) 10 (31%) >0.9
Mortality 71 (39%) 11 (34%) 0,7
Survival time (days) 718 (306, 1,201) 826 (389, 1,681) 0.3
Unknown 4 2

COPD = Chronic Obstructive Pulmonary Disease, AHT = Arterial Hypertension, BMI = Body Mass Index, DM = Diabetes
Mellitus, Hb = hemoglobin, eGFR = Estimated Glomerular Filtration Rate, Creat = creatinine. Preop = preoperative, Postop
= postoperative, LOS = length of stay, ICU = Intensive Care Unit.
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Fig. 2 — KM estimate of the survival function, stratified by Lymph
Node Status with 95% CI.

The KM estimate of the survival function, stratified
by Lymph Node Status, is given in the next plot
(Figure 2). Lymph Node Status clearly is a very
strong prognostic factor.

In the next 3 plots, the KM estimate of
the survival function is stratified by different
categorical variables (Figure 3). These plots do
reveal some patterns, but not as outspoken as for
lymph node status.

Cox PH Model

A Cox proportional hazards model is fitted
controlling for the variables mentioned before.
Because the causal effect of crystalloids only versus
crystalloids and HES or gelatin is of interest, the
corresponding variable is also added to the survival
model. The estimated model is summarized in the
next table (Table II).

Looking at the p-values in this model, only
two variables are significant at the 5% level of
significance:
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Hb Preop: The estimated hazard ratio for a one-
unit increase in Hb Preop is 0.841 (95% CI: 0.724,
0.976). This is in line with intuition. The p-value
is 0.023.

Lymph Node Status: The estimated hazard ratio
for a one-stage increase is 2.022 (95% CI: 1.595,
2.565). This is in line with intuition. The p-value
is < 0.001.

The main interest is not in the effect of baseline
covariates, but in the effect of the type of fluids
on 30-day, 90-day, and 1-year survival. From
the estimated Cox PH model, we compute this
treatment effect next. Note that this treatment effect
on the hazard scale was not significant. Therefore,
the treatment effect will also not be significant on
the 30-day, 90-day, and 1-year survival scale.

In the next plots, two estimated survival
functions are compared (Figure 4). These are two
so-called counterfactual survival functions. They
correspond to the survival function “had everyone
received only crystalloids” and “had everyone
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received crystalloids and HES or gelatin”. The
dashed lines are the corresponding pointwise
95% confidence intervals. The confidence interval
for the survival function “had everyone received
crystalloids and HES or gelatin” is very wide. This
is a consequence of having only 32 patients in this
group.

The test for a treatment effect on 30-day, 90-day,
and 1-year survival was calculated. The estimated
difference in 30-day survival probability is 0.003

(95% CI: -0.003, 0.008). The estimated difference
in 90-day survival probability is 0.012 (95% CI:
-0.013, 0.037). The estimated difference in 1-year
survival probability is 0.04 (95% CI: -0.048, 0.129).
There is thus a small, but non-significant, benefit of
adding HES or gelatines during the operation. As
stressed before, this treatment effect can only be
interpreted as causal if we have controlled for all
confounding variables.
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Table II. — COX PH model mortality.

Characteristic HR 95% CI p-value
DM
No — —
Yes 1.15 0.64, 2.09 0.6
AHT
No — —
Yes 0.83 0.51, 1.34 0.4
Creat preop 1.32 0.70, 2.49 0.4
Hb preop 0.84 0.72,0.98 0.023
Total duration 1.00 1.00, 1.01 0.075
Lymph Nodes Status 2.02 1.59,2.56 <0.001
Total Crystalloids 1.00 1.00, 1.00 0.4
HES or Gelatines 0.74 0.38,1.42 0.4
HR = hazard ratio, CI = Confidence Interval.
_ o
z &5 = o |
s © s °
a | a8 o |
e e o
&g o
T 3 2 S
S E o
= — jun § L
w —  Only Crystalloids w o — Only Crystalloids
S _| —— Crystalloids + HES or Gelatines o _| — Crystalloids + HES or Gelatines
o | | | | | = | | | T |
20 40 60 80 100 0 200 400 600 800 1000
Time (Days) Time (Days)
Fig. 4 — Counterfactual survival functions with 95% CI.
Morbidity present decreases the probability of the event, i.e.,

Length of stay

Data exploration

The same exploratory KM plots as for survival are
given next (Figure 5). The only difference is that the
survival as outcome is replaced with length of stay
in hospital.

COX PH Model

The same type of analysis is performed as in the
previous section, but now replacing time-to-death
with length of stay in hospital as outcome variable. A
Cox proportional hazards model is fitted controlling
for the variables mentioned before. Because the
causal effect of crystalloids only versus crystalloids
and HES or gelatines is of interest, the corresponding
variable is also added to the survival model. The
estimated model is summarized in the next table
(Table III).

Looking at the p-values in this model, only one
variable is significant at the 5% level of significance:
AHT: The estimated hazard ratio for AHT present
versus absent increase in AHT is 0.719 (95% CI:
0.537, 0.964). The p-value is 0.027. The estimated
hazard ratio is smaller than one. This means that AHT
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decreases the probability of being discharged from
hospital. So, in this setting, it decreases the probability
of a positive outcome. In the previous analyses, it is
the other way around. Death is a negative outcome.
Indeed, with death as outcome, a hazard ratio smaller
than 1 indicates a clinically positive effect.

The p-value for the treatment effect of the type
of fluid is 0.718. There is thus no significant effect
of the type of fluid on the length of stay. The same
comparison of counterfactual survival functions is
given next in Figure 6. These are often much easier
to interpret than a single p-value in a Cox PH model.

The two estimated survival functions almost
perfectly overlap. Indicating that there is no evidence
for an effect of the type of fluid on the length of stay.

Pneumonia

A logistic regression model is fitted with pneumonia
as binary outcome variable and the same variables
as before as covariates. The estimated model is
summarized next the next table (Table IV).

Looking at the p-values in this model, only one
variable is significant at the 5% level of significance:
Total Duration: The log odds ratio for a one hour
increase in the total duration 0.053 (95% CI: 0.0028,
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0.1037). The p-value is 0.04.

The p-value for the treatment effect of the type
of fluid is 0.991. There is thus no significant effect
of the type of fluid on the probability of pneumonia,
controlling for the set of measured potential
confounding variables.

Discussion

This retrospective observational study showed that
the administration of colloids (HES or gelatin)

and crystalloids vs. only crystalloids, was not
associated with an increased incidence of AKI
according to KDIGO criteria. Only 2 patients
suffered postoperative AKI (both KDIGO Stage 1),
one in each fluid group. No meaningful statistical
analysis could further be conducted.

Furthermore, this study demonstrated a small, but
non-significant, benefit of adding HES or gelatins
during the operation on mortality at 30-day, 90-
day, and 1-year survival, controlled for the set of
measured potential confounding variables. This
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Table II1. — COX PH model Length of stay.

Characteristic HR 95% CI p-value
DM

No — —

Yes 1.01 0.68, 1.49 >0.9
AHT

No — —

Yes 0.72 0.54, 0.96 0.027
Creat preop 0.78 0.46, 1.33 0.4
Hb preop 1.03 0.96, 1.11 0.4
Total duration 1.00 1.00, 1.00 0.2
Lymph Nodes status 0.96 0.81, 1.15 0.7
Total Crystalloids 1.00 1.00, 1.00 >0.9
HES or gelatines 1.07 0.73, 1.58 0.718

Table IV. — Logistic regression model postoperative pneumonia.

Characteristic Beta 95% CI p-value
DM

No — —

Yes 0.108 -0.071, 0.288 0.2
AHT

No — —

Yes -0.007 | -0.138,0.124 >0.9
Creat preop -0.125 -0.321, 0.071 0.2
Hb preop -0.001 -0.039, 0.037 >0.9
Total duration/60 0.053 0.003, 0.104 0.040
Lymph Nodes Status | -0.023 | -0.101, 0.054 0.6
Total Crystalloids 0.000 0.000, 0.000 0.7
HES or gelatines -0.001 -0.182,0.180 0.991

effect was more outspoken on the 1-year survival
than the 30-day or 90-day survival. This is due to
the fact that the overall mortality at 30 days or 90
days was very low, so any difference in effect would
also be very low and insignificant. No evidence for
an effect of the type of fluid on the length of stay
could be detected. Lastly, no significant effect of the
type of fluid on the probability of pneumonia was
found, controlling for the set of measured potential
confounding variables.

Of these measured potential confounding
variables, lymph node status was found to be the
strongest prognostic factor for survival, with a
higher lymph node status having a negative impact
on survival, with an estimated hazard ratio for a
one-stage increase of 2.022 (95% CI: 1.595, 2.565;
p-value < 0.001). Similarly, a 1-unit increase of
preoperative hemoglobin (g/dl) was found to have
a positive impact on survival, with an estimated
hazard ratio of 0.841 (95% CI: 0.724, 0.976;
p-value: 0.023). When looking at LOS, only the
presence of arterial hypertension (AHT) increased
the probability of a longer LOS, with an hazard ratio
of 0.719 (95% CI: 0.537, 0.964; p-value: 0.027).
Lastly, when looking at postoperative pneumonia,
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Fig. 6 — Counterfactual length of stay function with 95% CI.

only longer total operative duration increased the
probability of pneumonia, with a one hour increase
in the total duration showing a log odds ratio 0.053
(95% CI: 0.0028, 0.1037; p-value: 0.04).

These results are comparable with previous
large RCTs, systematic reviews, and meta-analyses
comparing crystalloids vs. colloids perioperatively,
where no significant difference could be detected for
mortality and postoperative complications such as
AKIZ9,35.36,40—42,45,48'

Concordantly, in this study, no positive effect from
using colloids perioperatively could be detected,
apart from a slight non-significant benefit on 1-year
survival. This is in contrast with some recent RCTs
and meta-analyses that suggest perioperative use of
colloids could have a beneficial effect when used
appropriately>>#,

As such these findings of no significant difference
could be interpreted in different ways. Firstly, given
the absence of demonstrable benefit, some studies
do not support the use of colloids intraoperatively,
given the older trials with increased risk of death and
AKI in critically ill patients*'***. On the other hand,
some suggest that since no difference in outcomes
seems to be found in surgical patients, colloids might
have a place in selected patients for perioperative
fluid resuscitation management>>“°. Lastly, since
most studies done on surgical patients are rather
small and low quality, and subsequently reviews
and meta-analyses also lack power, no demonstrable
harm or benefit can for now be proven in this setting.
Nonetheless, while the use of intraoperative colloids
cannot be supported, studies do recommend the use
of balanced crystalloids in comparison with normal
saline, given the higher rates of hyperchloremic
acidosis with saline®.

Combining the evidence of potential benefit
of perioperative goal-directed fluid therapy, and
the ROS-D (Rescue, Optimization, Stabilization,
and De-escalation) or ROSE (Resuscitation,
Opitmization, Stabilization, and Evacutation)
conceptual model for intravenous fluid therapy,
as explained by Hoste et al.¥’ and Malbrain et



al.>® respectively; where the perioperative period
consists mainly of the Rescue/Resuscitation and
Optimization phase. There could be a possible place
for using colloids additionally to crystalloids in
order to achieve better haemodynamic stability and
lower intraoperative fluid balance, when tailored to
specific indications, and when avoided in patients
with risk factors (such as pre-existing kidney injury
and sepsis), to improve patient-centred outcomes®
raa294 However, future high quality, randomised
controlled, double blind, and preferably multicentre
trials based on real life perioperative settings are
needed to definitively advice on fluid choice.

There are multiple obvious limitations to this
present study. First and foremost, the retrospective
observational nature of this study may be subject
to bias from unmeasured confounding variables.
Any causal interpretation acquired in this study
should therefore be carefully considered. Although
we attempted to control for a set of variables,
we certainly could not eliminate the potential
for residual confounding. Second, there was a
considerable amount of missing data, for which an
available case method was used, and variables with
too many missing values were not used for analysis.
This choice was made to retain power, however,
also means that potential confounding variables
were ignored. Lastly, and most importantly, only
32 patients received colloids and crystalloids
(with 7 and 25 patients receiving gelatins and HES
respectively), against 184 patients receiving only
crystalloids. This substantially reduces the power
of this study. Additionally, only 2 patients suffered
postoperative AKI, therefore making it impossible
to interpret this specific outcome.

Some strengths of this study may include the
real-life representation of fluid management and
data of MIE at the Ghent University Hospital
during a 6-year period instead of a clinical setting.
Additionally, the long follow-up period allowed us
to examine long-term data such as 1-year survival,
rather than only focusing on short term outcomes.

Conclusions

In this retrospective observational study, the
administration of intraoperative colloids (HES or
gelatines) alongside with crystalloids during MIE,
was not associated with an increase in the incidence
of AKI, mortality, length of stay, or postoperative
pneumonia, when compared with only crystalloids.
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