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Abstract
Background/Aim: In major abdominal surgeries, maintenance of electrolyte homeostasis and euvolemia
is crucial. However there is still no consensus on the most effective intraoperative fluid regimen. Our
primary aim in this study was to investigate the impact of colloid infusion given in addition to
perioperative fluid replacement on the development of postoperative complications in patients undergoing
major gastrointestinal tract surgery.
Methods: Patients who underwent major abdominal surgery in our hospital due to gastrointestinal tract
malignancy between January 2015 and January 2020 were enrolled in this retrospective cohort study. We
recorded data regarding the volume of perioperative fluid replacement, the amount of crystalloid and
colloid administered, postoperative complications, length of hospital stay, frequency of follow-up in the
intensive care unit and length of stay.
Results: A total of 326 patients, who underwent gastrointestinal tract surgery, were included in the study.
Postoperative pulmonary complications (24.2%), wound infection (20.6%), and anastomotic leakage
(3.1%) were the most-observed three complications in the study cohort. Among 163 patients who required
postoperative ICU follow-up, 84 (25.7%) patients received colloid infusion, whereas 79 (24.2%) patients
did not receive (P=0.181). However, the incidence of other complications in the group with a crystalloid
intake of ≤2 L was found to be significantly higher compared to the group receiving >2 L of crystalloids
(P=0.038).
Conclusion: We found no association between the administration of colloids along with crystalloid
infusion and the incidence of postoperative complications. Besides there was no relation with the adverse
effects in terms of the length of hospital stay and the frequency of admission to the intensive care unit.
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Introduction
Perioperative fluid management in major surgeries aims
to optimize intravascular fluid balance to maintain adequate
tissue perfusion. Fluids administered with this purpose directly
impacts patient outcome 1. Both the volume of fluids
administered and the decision of using colloids or crystalloids
have been topics of discussion for years 2. Colloid fluids
provide the continuity of oncotic pressure, providing a decrease
in the total amount of perioperative fluid required 3.
Hydroxyethyl starch (HES) and gelatin solutions are the two
colloid fluids easily accessible and most commonly used. These
fluids are used for volume replacement in hemorrhagic surgeries
to compensate the period up to blood transfusion. Modern
starches are considered safe for use in surgery 4. However, the
use of colloids is not complication-free. Serious side effects such
as acute kidney injury, bleeding, and death are reported
following the use of HES 5, 6. Similarly, gelatins are reported
to have adverse effects on renal functions and coagulation
parameters 7, 8.
In major abdominal surgeries, the goal is to maintain
electrolyte homeostasis while attempting to achieve euvolemia.
In the majority of surgeries, intraoperative bleeding and third
space losses accompany the condition of hypovolemia 9. As a
result of increased microvascular permeability, capillary leaks
and hemostatic disorders can develop 10. There is still no
consensus on the most effective intraoperative fluid regimen
11.
Our primary aim in this study was to investigate the
impact of colloid fluid infusion given in perioperative fluid
replacement on the development of postoperative complications
in patients undergoing major gastrointestinal tract surgery. Our
secondary aim was to investigate the effect of colloid use on the
incidence of intensive care unit admission and the length of
hospital stay.

Materials and methods
Following the approval of the local Ethics Committee
(514/194/30-27.01.2021), patients who underwent major
abdominal surgery at our hospital due to gastrointestinal tract
malignancy between January 2015 and January 2020 were
enrolled in this retrospective study. Data regarding the volume of
perioperative fluid replacement, the amount of crystalloid and
colloid fluids administered, postoperative complications, length
of hospital stay, frequency of admission to the intensive care unit
are recorded.
All patients were given 10 -12 mL/kg/h intravenous
(IV) crystalloid infusion in the perioperative period to meet their
requirements 12. The central venous pressure was monitored
with a 7F catheter. Patients with CVP <8 mmHg and/or a 20%
change in hemodynamics compared to baseline values were
determined to have a fluid deficit and colloid fluid replacement is
started 12. HES and gelatin were used as colloid fluids,
whereas Ringer's lactate and 0.9% saline were the crystalloid
solutions used. Patients were given colloid infusion in addition to
crystalloids until blood and blood products became available for
replacement. Patients who required crystalloid fluid more or less
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than 2 L were recorded. In patients who received a high volume
of crystalloid and/or colloid fluid replacement, the association of
fluid replacement with postoperative complications, frequency of
ICU admission, and length of hospital stay was examined.
Patients with incomplete data, and patients who required
vasopressors in the intraoperative period were excluded from the
study.
Statistical analysis
We used descriptive statistics of mean, standard
deviation, median, minimum, maximum, frequency, and ratio.
The Kolmogorov Smirnov test was used to measure the
distribution of the variables. Quantitative independent data were
analyzed by Mann-Whitney U test. Quantitative independent
data were analyzed by the Chi-square test, but when the
conditions for the Chi-square test were not met, Fisher test is
used. SPSS 27.0 program was used for the analyses.

Results
For five years, a total of 18,986 patient files were
scanned who underwent operations in general surgery. Of those,
585 patients which had gastrointestinal tract surgery were
enrolled in the study. However, 259 patients were excluded from
the study because of missing data. We analyzed the data of 326
patients in total. The mean age of patients was 61.3 (46-74)
years. The most commonly performed gastrointestinal surgical
procedures were total gastrectomy (25.2%), low anterior
resection (LAR) (24.8%), and anterior resection (14.4%). The
mean length of hospital stay was 7.5 (5-14) days. On average,
2572.4 (750-4500) mL crystalloids were used. Colloid fluids
were administered to 55.2% of the patients. The average of
colloid fluids used was 727.8 (300-1200) mL (Table 1).
Table 1: Comparison of patients in terms of demographic characteristics, surgical details,
amount of crystalloid and colloid given, and length of hospital stay
Age (year)
Gender

Female
Male

Tumor size (cm)
Number of positive lymph nodes
Hb (g/dL)
Received
No
colloids
Yes
Amount of colloids (mL)
Amount of
>2000
crystalloids
<2000
(ml)
Total amount of crystalloids (mL)
Surgical
Anterior resection
procedure
LAR
Miles
Right hemicolectomy
Segmental resection
Sleeve gastrectomy
Left hemicolectomy
Subtotal gastrectomy
Subtotal esophagectomy
Total gastrectomy
Total colectomy
Postoperative
(-)
admission to
(+)
ICU
Length of hospital stay (days)
Discharge
Transferred to another hospital
status
with the same scope of practice
Transferred to another hospital
with broader scope of practice
Transferred to another department
within the same hospital
Discharged in stable condition
Discharged with healing
Exitus

Mean (SD) /n-%
61.3
(46-74)
197
60.4%
129
39.6%
49.1
(29.6)
3.6
(7.0)
11.6
(2.3)
146
44.8%
180
55.2%
727.8
(300-1200)
192
58.9%
134
41.1%
2572.4
47
81
6
41
1
6
12
45
4
82
1
163
163

(750-4500)
14.4%
24.8%
1.8%
12.6%
0.3%
1.8%
3.7%
13.8%
1.2%
25.2%
0.3%
50.0%
50.0%

7.5
3

(5-14)
0.9%

2

0.6%

73

22.4%

156
88
4

47.9%
27.0%
1.2%
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Postoperative pulmonary complications (24.2%), wound
infection (20.6%), and anastomotic leakage (3.1%) were the
mostly observed three complications in our patient population.
Postoperative pulmonary complications include atelectasis,
laryngospasm, bronchospasm, pulmonary embolism, and
pneumothorax. Pulmonary embolism developed in one patient
(14.3%) who did not receive colloids, and pneumothorax
developed in one patient (14.3%) who received colloids. The
distribution of complications did not significantly differ between
the groups with and without colloid infusion. Postoperative
pulmonary complications were observed in 46 (14.1%) patients
who were given colloid fluid and in 33 (10.1%) patients who did
not receive colloids (P=0.536).
Even though 84 (25.7%) patients who received colloid
infusion required postoperative ICU follow-up, 79 (24.2%)
patients without any colloids given were admitted to ICU
(P=0.181). There was no significant difference between these
two groups in terms of patients' discharge status and length of
hospital stay (P>0.05 and P=0.971, respectively) (Table 2).
Table 2: Comparison of patients that received colloid and that did not receive, in terms of
postoperative complications, ICU admission rates, length of hospital stay, and discharge
status.

Complications
Postoperative pulmonary
complication
Wound site infection
Anastomotic leakage
Other complications
Hemorrhagic drainage
Ureteral injury
Subcutaneous hematoma
Evisceration
Ischemic hepatitis
Delayed oral intake tolerance
Stricture at the opening of the stoma
Stoma retraction
Stoma retraction, fasciitis
Stomal ischemia
Repair of ureter and bladder
Vocal cord edema
Postoperative ICU
(-)
(+)
Number of inpatient days
Discharge status
Transferred to another hospital
Transferred to another department
within the same hospital
Discharged in stable condition
Discharged with healing
Exitus

Received colloids
(-)
Mean (SD)/n-%

Received colloids
(+)
Mean (SD)/n-%

P-value

33

22.6%

46

25.6%

0.536

31
3
7
2
0
1
0
1
1
0
1
0
0
0
0
67
79
7.4

21.2%
2.1%
4.8%
28.6%
0.0%
14.3%
0.0%
14.3%
14.3%
0.0%
14.3%
0.0%
0.0%
0.0%
0.0%
45.9%
54.1%
(7.1)

36
7
11
2
2
0
1
0
0
1
0
1
1
1
1
96
84
7.5

20.0%
3.9%
6.1%
18.2%
18.2%
0.0%
9.1%
0.0%
0.0%
9.1%
0.0%
9.1%
9.1%
9.1%
9.1%
53.3%
46.7%
(5.3)

0.784
0.340
0.605

2
27

1.4%
18.5%

3
46

1.7%
25.6%

1.000
0.128

74
42
1

50.7%
28.8%
0.7%

82
46
3

45.6%
25.6%
1.7%

0.357
0.516
0.631

0.181
0.329

Table 3: Comparison of patients that received more than 2 L crystalloid solution and those
that received less than 2 L, in terms of postoperative complications, ICU admission rates,
length of hospital stay, and discharge status.

Complications
Postoperative pulmonary complication
Wound site infection
Anastomotic leakage
Other complications
Hemorrhagic drainage
Ureteral injury
Subcutaneous hematoma
Evisceration
Ischemic hepatitis
Delayed oral intake tolerance
Stricture at the opening of the stoma
Stoma retraction
Stoma retraction, fasciitis
Stomal ischemia
Repair of ureter and bladder
Need for postoperative admission (-)
to ICU
(+)
Number of inpatient days
Discharge status
Transferred to another hospital
Transferred to another department
within the same hospital
Discharged in stable condition
Discharged with healing
Exitus

Crystalloid
≤2000
Mean (SD) /n-%

Crystalloid
>2000
Mean (SD)/n-%

P-value

44
36
6
14
3
2
1
1
1
1
0
1
0
1
1
94
98
7.2

22.9%
18.8%
3.1%
7.3%
21.4%
14.3%
7.1%
7.1%
7.1%
7.1%
0.0%
7.1%
0.0%
7.1%
7.1%
49.0%
51.0%
(5.0)

27
25
2
2
0
0
0
0
0
0
1
0
1
0
0
55
57
7.9

24.1%
22.3%
1.8%
1.8%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
50.0%
0.0%
50.0%
0.0%
0.0%
49.1%
50.9%
(7.8)

0.813
0.453
0.482
0.038

2
40

1.0%
20.8%

1
25

0.9%
22.3%

1.000
0.760

97
50
3

50.5%
26.0%
1.6%

54
32
0

48.2%
28.6%
0.0%

0.698
0.632
0.300

0.980
0.971

X²
X²
X²
X²

X²

m
X²
X²
X²
X²
X²

m: Mann-Whitney u test, X²: Chi-square test (Fischer test)

Discussion
X²
X²
X²
X²

X²

m
X²
X²
X²
X²
X²

m: Mann-Whitney u test, X²: Chi-square test (Fischer test)

The rates of postoperative pulmonary complications,
wound infection and anastomotic leakage did not differ
significantly between patients with a crystalloid infusion of ≤2 L
or >2 L (P>0.05). However, the incidence of other types of
complications in the group with a crystalloid infusion of ≤2 L
was found to be significantly higher compared to the group
receiving >2 L of crystalloids (P=0.038). Nevertheless, there
was no significant difference between the amount of crystalloid
infusion and the rate of admission to ICU in the postoperative
period, the length of hospital stay, and patients' discharge status
(P>0.05, Table 3).

This retrospective study investigated patients who
underwent major abdominal surgery due to gastrointestinal
system malignancy. It was demonstrated that the risk of
developing complications did not increase in patients when the
volume of crystalloid fluid replacement was increased or colloid
fluid infusion was added in the intraoperative period. There was
no significant difference in the need for postoperative intensive
care or the length of hospital stay in patients receiving colloids.
There is still controversy on the intraoperative fluid
regimen and the types and amount of fluids used. Conflicting
results have been reported in studies addressing this matter. In a
study evaluating the adequacy of tissue perfusion through
measurement of subcutaneous oxygen tension, the fluid
requirements of patients undergoing elective open abdominal
surgery were met with boluses of Ringer's lactate or HES 13.
Postoperative surgical site infection or subcutaneous partial
oxygen pressure did not differ significantly in the colloidadministered group. In this study, Ringer’s lactate and 0.9%
saline solution was compared with colloids. Apart from HES, the
effectiveness of gelatins was also evaluated and it was revealed
that colloids added to crystalloids did not have a significant
negative effect on patient outcomes.
In abdominal surgeries, the amount of fluid
administered in the perioperative period may vary in different
operations and hospitals. In one study, the total amount of
crystalloid fluid given in abdominal surgeries was calculated
14. It was demonstrated that the amount highly differ
depending on the anesthesiologists. The total amount of
crystalloids infused to provide 1 mL/kg/h urine output in a 4hour surgery has been reported to vary from 700 to 5400 mL. On
the other hand, Kim et al. 15 reported that 90% of the
differences in the amount of fluid administered are due to factors
related to the patients, emphasizing that the role of care providers
in this difference is as low as 10%. Many factors including the
size of the surgical incision, patients' oncotic pressure, third
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space losses, and the amount of hemorrhage can affect this.
Besides the effects of colloids, the results of the amount of
crystalloids given to the patients were also investigated in this
study, and the cut-off value was determined as 2 L. Nevertheless,
there was no significant increase in the incidence of
postoperative complications in patients given cristalloid
infusions below or above this value. The three most common
complications observed were postoperative pulmonary
complications, wound site infection, and anastomotic leakage,
respectively. Moreover, the rate of complications developing
other than these was found to be higher in patients who had fluid
infusion less than 2 L which shows the importance of achieving
euvolemia and applying an optimal fluid regimen for patients.
Also, the necessity of avoiding colloidal overload is
clear. As with all replacement fluids, some complications have
been reported during the use of colloid fluids. A study including
1041 patients revealed that postoperative delirium developed in
22.7% of patients who were given HES during esophagectomy
16. In another study, HES and Ringer's lactate were compared
regarding their effects on perioperative fibrinogen
thromboelastometry (FIBTEM) and maximum clot firmness
(MCF) values 17. A dose-dependent deterioration impairment
in fibrin polymerization was observed in patients who received
HES. However, it was reported that the results returned to
normal on the first postoperative day without the need for
procoagulant agents, and there was no difference in blood loss of
the patients. Colloids used for the treatment of patients in
intensive care unit have been reported to have iatrogenic side
effects and have been associated with acute kidney injury and
mortality 18. However, it was emphasized that damage to the
endothelial glycocalyx layer of critically ill patients may also
have a role in that result. In our study, the data of patients were
examined in terms of complications that may develop during the
hospitalization (for an average of 1 week). It was found that the
use of colloids did not pose any additional risk within the
specific time. Therefore, it was concluded that the use of colloids
is safe unless there is an overdose in the operating rooms.
Limitations
The most significant limitation of this study is that the
goal-directed hemodynamic strategy was not used in the
perioperative period. Transesophageal Doppler evaluation or
non-invasive monitoring of cardiac output and stroke volume
were not performed to determine the patients' response to fluid
therapy. The response to fluid therapy was only evaluated
through CVP and hemodynamic data. Another limitation to note
is the retrospective design and the sample size of the study. It is
obvious that there is a need for further clinical trials with larger
series of patients to decrease the controversies on this subject.
Conclusion
In patients undergoing major abdominal cancer surgery,
administering colloids along with the crystalloid infusion is not
associated with the incidence of postoperative complications, the
length of hospital stay and the frequency of admission to the
intensive care unit.
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