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ABSTRACT
Objective:
Especially in large surgical procedures, it is recommended that the fluid treatment be performed 
according to the needs of the patient in the presence of hemodynamic monitoring during the 
operation. We aimed to review intraoperative fluid treatments and to increase awareness of 
intraoperative fluid management.

Methods:
The patients (393) who underwent general anesthesia were included in the study. According to 
the information of intraoperative fluid applications, the demographic characteristics of the 
patients and the amount and type of fluid that should be given according to the type of operation 
performed were determined.

Results:
In our study, the mean amount of fluid given to patients was found to be 2677.61 ml. The mean 
intraoperative fluid volume was higher in patients who were treated with IV vasopressors than 
in untreated patients (3477.27 ml). When compared with patients with ASA 1-2 group, the 
amount of fluid given to the patients in the ASA-3 group was high (2795 ml). Comparing the 
type of surgery and the amount of fluid given intraoperatively, we observed that the amount of 
intraoperative fluid was significantly higher in the high-risk surgical group (3601.65 ml). We 
can say that we are close to liberal practices as a liquid strategy. The use of balanced crystalloid 
with the closest content to plasma is the most preferred liquid type in our clinical practice.

Conclusion:
Due to the variability of the concepts of liberal and restrictive fluid regimen and the lack of 
standardized targeted clinical and physiological parameters, no specific evidence-based guide-
line or procedure specific fluid treatment could be demonstrated. In our study, we see that fluid 
replacement is performed under standard fluid treatment, which still can be considered liberal. 
We think that it can be useful to use hemodynamic monitoring methods more frequently in 
patients who need them, also in selected patient groups.
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ÖZ
Giriş/Amaç:
Büyük cerrahi işlemlerde, hemodinamik monitörizasyon ve hastanın ihtiyacına göre sıvı 
tedavisinin yapılması önerilmektedir. Biz intraoperatif sıvı tedavilerini gözden geçirmeyi ve 
intraoperatif sıvı ilkelerine farkındalığı arttırmayı amaçladık.

Gereç ve Yöntemler:
Genel anestezi uygulanan hastalar (393) çalışmaya dahil 
edildi. İntraoperatif sıvı uygulamaları, hastaların demografik 
özellikleri ve yapılmış olan operasyonun türüne göre 
verilmesi gereken sıvı miktarları ve türü belirlendi. Hasta-
ların mevcut kayıtlarından verilmiş olan sıvı miktarlarına ait 
verilerle karşılaştırılma yapılarak sonuçlar analiz edildi.

Bulgular:
Çalışmamızda hastalara verilen ortalama sıvı miktarı 2677,61 
ml (11,3 ml/kg/saat) olarak bulunmuştur. IV vazopressör 
kullanılan hastalarda intraoperatif verilen ortalama sıvı 
miktarlarının kullanılmayan hastalara göre daha yüksek 
olduğu görüldü (3477,27 ml). ASA-3 grubu hastalar ASA1-2 
grubu hastalarla kıyaslandığında, ASA-3 grubu hastalara 
intraoperatif dönemde verilen sıvı miktarı yüksekti (2795 
ml). Cerrahi tipi ve intraoperatif verilen sıvı miktarları 
karşılaştırıldığında; yüksek riskli cerrahi grubunda intraoper-
atif verilen sıvı miktarının anlamlı olarak daha yüksek 
olduğunu gözlendi (3601,65 ml). Sıvı yönetiminde liberal 
uygulamalara yakın değerlerde olduğumuzu söyleyebiliriz. 
Kristaloid kullanımı klinik pratiğimizde en sık tercih 
ettiğimiz sıvı tipi olarak karşımıza çıkmaktadır.

Sonuç:
Liberal ve restriktif sıvı rejimi kavramlarının değişkenliği, 
hedeflenen klinik ve fizyolojik parametrelerin standart olma-
ması nedeniyle kanıta dayalı kılavuz veya prosedüre özel bir 
sıvı tedavisi ortaya konamamıştır. Yüksek riskli hastalarda 
sıvı yönetimi için tek tip yaklaşım uygun olmayacaktır. Bizim 
çalışmamızda standart sıvı tedavisi uygulamaktayız, 
sonuçlarımız liberal sayılabilir. Hemodinamik monitor-
izasyon yöntemlerine ve hastanın sıvı gereksinimlerine 
dikkat edilerek replasman yapılmasının faydalı olacağını 
düşünmekteyiz.

Anahtar Sözcükler: Sıvı, Liberal, Restriktif, Perioperat-
if, Kristalloid, Kolloid

INTRODUCTION
Fluid treatment is an integral and most important part of 
perioperative treatment. Maintaining intravascular volume 
and maintaining hemodynamic stability play an important 
role on postoperative morbidity and mortality. There is a 
well-known relationship between the volume of fluid admin-
istered to the patient in the perioperative period and postoper-
ative morbidity. If sufficient fluid is not administered to the 
patient, various complications such as acute kidney damage, 
hypotension, heart rhythm disturbances, ischemia, anastomo-
sis leakage may occur due to hypovolemia. If the patient is 
overcharged, various complications such as prolonged 
mechanical ventilation, delayed wound healing or infection 
may occur due to overloading. Therefore, keeping the fluid 
status of the patient in a sensitive balance in the perioperative 
period is critical for postoperative morbidity and mortality.
In order to give sufficient fluid to the patients and to avoid the 
possible negative effects caused by the excess fluid, hemody-
namic monitoring showing fluid response should be 

performed and fluid treatment should be personalized for the 
patient by applying a rational fluid strategy (1-8).
In our study; we aimed to review the perioperative fluid 
applications and increase awareness of the principles of 
intraoperative fluid applications.

METHODS
The aim of our study was to review intraoperative fluid appli-
cations and to increase awareness on the principles of 
intraoperative fluid applications. we aim to evaluate the 
adequacy of our applications in perioperative fluid treatment 
in general anesthesia patients and to share our data with our 
clinic.
This research complies with all the relevant national regula-
tions, institutional policies and in accordance with the tenets 
of the Helsinki Declaration, and has been approved by the 
Akdeniz University Medical Faculty Ethical Committee 
(approval number: 24.02.2016/148). 
 In this prospective-observational study, patients aged 18-65 
years who underwent elective surgery with general anesthesia 
were included in the study. Pediatric and geriatric patients 
undergoing regional anesthesia were excluded from the 
study.
There are no termination criteria for our study because the 
observational evaluation is qualified and it will be performed 
in patients undergoing general anesthesia without changing 
the general anesthesia practices. Intraoperative drugs, blood 
and fluid infusions and blood-fluid losses are recorded in 
anesthesia follow-up forms in all patients who underwent 
anesthesia for surgical intervention. Our study was based on 
the records in these forms. After the operation was complet-
ed, the information in the Anesthesia Follow-up Form of the 
patients was recorded in our study form. There was no 
intervention or contribution to anesthesia method, drug, 
liquid-blood infusions.
When calculating the amount of fluid that patients should 
take during the intraoperative period:
1.  Preoperative fluid deficits were calculated according to  
     preoperative fasting periods and patient characteristics.
2. The amount of intravenous fluid to be given according to     
    the duration of operation in the intraoperative period was  
    calculated.
3. Fluid loss was calculated according to the type of operation          
    (light-medium-heavy) and additional fluid needs were 
    determined.
 With the data obtained from these calculations, the total 
intraoperative need of the patients was determined and 
compared with the total amount of fluid given during the 
operation.
The patients included in the study were divided into 3 classes 
according to the size of the surgical intervention. This is due 
to the increased capillary permeability due to a number of 
mediators released during the surgery in response to surgical 
trauma, depending on the size of the surgical procedure, a 
certain amount of fluid escapes the vessel, ie the interstitial 
space and the third cavities (intestinal lumen, peritoneal 
cavity, pleural space, etc.). This leakage can be up to 6 
ml/kg/h in a low-grade surgery, up to 8 ml/kg/h in a medi-

um-grade surgery and up to 10-20 ml/kg /h in a high-grade 
surgery.
In our study, the parameters that we evaluated during the 
anesthesia, including the fluids we administered during the 
intraoperative period and blood-fluid losses due to surgery 
are listed below:
- Demographic characteristics of patients
- Duration and type of operation
- Intraoperative hemodynamic monitoring 
   (blood pressure, heart rate)
- Is there a preoperative fluid infusion?
- Intraoperative IV fluid treatment and amount
- Losses from perioperative catheters (urine, nasogastric)
- Perioperative blood-fluid (acid fluid) losses
- Additional systemic diseases of patients
- Intravenous vascular access
- Intraoperative vasopressor use

Statistical Evaluation
Descriptive findings are presented in percentages when data 
are counted. In the case of data specified by measurement; the 
data are presented in averages and standard deviations if 
normal distribution is present, and in median and quartiles 
and min-max values if no normal distribution is present.  
Chi-square test was used to compare two or more groups in 
the census data.
In the case of continuous measurement, comparison of two 
independent groups; Student t test (significance test of differ-
ence between two means in independent groups) if it is 
suitable for normal distribution, and Mann Whitney-u test 
which is non-parametric equivalent if it is not suitable for 
normal distribution. The mean of three or more groups were 
compared with Analysis of Variances (ANOVA) and scheffe 
was used as post hoc test.

RESULTS
A total of 393 patients aged 18-65 years who underwent 
elective surgery with general anesthesia were included in the 
study. Demographic characteristics of the patients included in 
the study are shown in Table I and Figure 1.

Table I. Characteristics of the patients in the study

Figure1. Distribution of patients according to surgery

Patients were divided into three groups according to intraop-
erative fluid infusion. 
6 ml/kg/h group (small surgical group), 8 ml/kg/h group 
(middle surgical group) and 10 ml/kg/h group (large surgical 
group) were identified (Table II).

Table II. Surgical intervention and operation time

The mean preoperative fasting time of the patients was 10.73 
± 2.66 hours. There were 287 patients with a fasting period of 
9 hours or more. This is 73% of patients. The number of 
patients receiving IV fluid infusion in the preoperative period 
was 73 patients, this is 18.6% of patients. The fluid infusion 
in patients is summarized in Table III. 

Table III. Fluids given to patients and fasting periods

When the patients who participated in the study were 
compared in terms of the size of the surgical intervention and 
the amount of fluid given, it was found that the amount of 
fluid increased significantly as the size of the surgical 
intervention increased (p <0.05) (Table IV).

Table IV. Surgery and intraoperative fluid volumes

There was no significant difference between the amount of IV 
fluid given between the surgical branches examined in the 
study (p>0.05)(Table V).

Table V. Surgery and intraoperative fluid volumes

When the patients receiving IV vasopressor were examined 
in terms of their relationship with the mean amount of fluid 
administered intraoperatively, it was observed that patients 
receiving IV vasopressor had significantly higher fluid intake 
during the intraoperative period (p <0.05). In the comparison 
of the mean amount of fluid administered in the intraopera-
tive period with the ASA groups, no significant relationship 
was found. In addition, when the groups of patients undergo-
ing emergency and elective surgery were evaluated in terms 
of the mean amount of fluid delivered during the intraopera-
tive period, it was seen that the mean amount of fluid given 
intraoperatively was higher in emergency operations. How-
ever, this relationship was not statistically significant (p> 
0.05). There was no significant difference between the mean 
fluid intake of the patients according to surgical types during 
the intraoperative period. When intraoperative mean blood 
flow and fresh frozen plasma were examined in terms of 
intraoperative mean fluid volume, it was found that the 
amount of fluid given in patients who underwent blood and 
plasma replacement was significantly higher (p <0.05) 
(Table VI).

Table VI. Comparison of intraoperative fluid intake in different    
          groups

According to these results, preoperative IV fluid replacement 
is performed only in 18.6% of the patients (Table VII).

Table VII. Preoperative IV fluid infusion rates according to the        
                   surgery

The amount of fluid to be given to the patients participating 
in the study was calculated based on the 4-2-1 rule. Consider-
ing this calculation, the differences between the amount of 
fluid given to the patients and the amount of fluid to be given 
were examined. Of the 393 patients who participated in the 
study, 28 of them had the amount of fluid given; the amount 
of fluid that the patient should take. Of these 28 patients were 
orthopedic patients who had undergone extremity surgery for 
more than 3 hours, and 23 of them were general surgery, 
urology and gynecology cases who had abdominal surgery. 

The amount of fluid delivered to the patient was greater than 
the amount of fluid required in 28 patients. In the other 365 
patients, the amount of fluid given to the patient was equal to 
or less than the amount of fluid that the patient had to take. In 
the evaluation of this last group of patients, some analyzes 
were performed by measuring the amount of missing fluid. In 
these analyzes, missing fluid measurements of 28 patients in 
the first group were considered to be zero in order not to 
affect the evaluation.
Of the 393 patients who participated in the study, the amount 
of fluid given to the patients was lower than the amount of 
fluid required in 365 patients. The comparison of the amount 
of fluid given to patients with different parameters is shown 

that standard, restrictive and liberal fluid applications do not 
apply high amounts of liquid which will cause damage. There 
were no significant differences in the patients with postopera-
tive complications (21-24).
Corcoran T and colleagues reported that targeted fluid 
treatment applications were significantly better than liberal 
fluid treatment (25).
According to other fluid treatment methods, individualized 
targeted fluid treatment and zero balance fluid treatment 
applications are more effective in achieving hemodynamic 
balance, increasing tissue perfusion and reducing surgical 
complications; It is reported to provide a reduction in hospital 
stay and maintenance costs (26).
They reported that “zero-balance fluid therapy” (which can 
be considered as one of the restrictive fluid strategies) is 
sufficient in the intraoperative period and that one of the most 
recent approaches, targeted fluid therapy, should be applied 
in all patients (27).
In our study, we concluded that the amount of fluid given to 
the patients during intraoperative fluid treatment was mostly 
missing from the amount of fluid that patients should take. 
We found that the amount of fluid given was not statistically 
significant, but was higher in ASA III group than in ASA I-II 
group. We concluded that the amount of fluid given was 
significantly higher in the 10 ml/ kg/h large surgical group. 
We also observed that in cases of prolonged surgery, we gave 
statistically significantly more incomplete fluid. In conclu-
sion, in parallel with current approaches in our anesthesia 
clinic, we can conclude that in high-risk surgeries and 
high-risk patient groups, we pay more attention to avoiding 
liberal fluid applications with incomplete fluid applications 
in intraoperative period compared to other patient groups. 
However, since the calculation of the amount of fluid 
required by our patients is determined by a calculation 
considered as liberal fluid treatment, we should emphasize 
that the amount of the missing fluid may not be within the 
range that can be considered as restrictive fluid application.
In our study, we determined that the amount of deficient fluid 
given to patients undergoing ENT surgery was higher than 
the other groups. In our anesthesia clinic, we think that 
especially controlled hypotension applications that we 
perform in ENT operations are effective in this result. When  
the deficient fluids according to the operation time was 
analyzed, we found that the amount of intravenous deficient 
fluid was significantly higher in the group of patients with an 
operation time over 3 hours. In conclusion, we think that 
preoperative fluid deficits in the first three hours of operation 
may have an effect on the calculation of the amount of fluid 
that patients should receive.

CONCLUSION
 In our study, due to the variability of the liberal and restric-
tive fluid regimen concepts and the non-standard clinical and 
physiological parameters targeted, no evidence-based guide-
line or procedure-specific fluid treatment could be estab-
lished. Uniform approach for fluid management in high-risk 
patients will not be appropriate.
Especially in large surgical interventions, it is recommended 
that fluid treatment be performed during surgery with hemo-
dynamic monitoring and according to the patient's needs. 
Adequate equipment and the presence of an anesthesiologist 
with sufficient clinical experience is an important factor that 
will increase the individualized targeted fluid treatment. In 
our study, we observed that fluid replacement was performed 
under the calculation we performed according to standard 
fluid treatment, but for our results, which are still at a liberal 
level, it would be beneficial to consider hemodynamic moni-
toring methods more frequently in patients in need, especially 
considering the fluid requirements of the patient in selected 
groups. There is a wide range of studies that can be used more 
safely for the individualized targeted fluid treatment 
approach in large surgical interventions and high-risk patient 
groups. Therefore, there is a need for new scientific studies 
on fluid treatment during the surgical procedure. In this way, 
by making the standard definition of liquid applications, the 
effects and results of these applications will be better under-
stood.
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in Table VIII. 

Table VIII. Examination of the amount of incomplete fluid given 
intraoperatively in different groups

We observed that patients with ASA III were given less liquid 
than ASA I-II patients, but this difference was not statistically 
significant. In the elective surgery group, the amount of 
deficient fluid given was less than the emergency operation 
group. However, this difference was not statistically signifi-
cant. When the amount of fluid given was analyzed in terms 
of operation time, it was seen that less fluid was given in the 
group with operation time of 3 hours or more compared to the 
group with operation time less than 3 hours (p <0.05).
The comparison of the amount of missing fluid given to the 
patients who participated in the study with the type of surgery 
(size of the surgical intervention) is given in Table IX. 

Table IX. Surgery and incomplete fluid given intraoperatively

As a result of the variance analysis, it was found that an 
average of 1855.53 ml of incomplete fluid replacement was 
performed in the 10 ml/kg/h (high-risk surgeries) group. In 
the 10 ml/kg/h group, the amount of deficient fluid was 
significantly higher than the 6 ml/kg/h and 8 ml/kg/h groups 
(p <0.05). No significant difference was found between the 6 
ml/kg/h and 8 ml/kg/h groups.
The comparison of the amount of fluid given to the patients 
according to the branches is shown in Table X. While the 
missing amount was the highest in the ENT group (mean 
2504.31 ml), it was observed that the missing amount (729.94 
ml) in the Gynecology group was the lowest compared to 
other branches.

Table X. Surgery and incomplete fluid given intraoperatively

DISCUSSION
The perioperative fluid therapy is a highly controversial 
issue, data from these studies suggest that targeted fluid 
therapy may reduce postoperative major complications in 
order to achieve hemodynamic stability. The lack of standard 
criteria for perioperative fluid treatment leads to very differ-
ent clinical applications. There are discussions about intraop-
erative fluid management with variable recommendations for 
fluid composition and volume applied.
The hemodynamic monitoring that predicts fluid response 
should be performed and fluid treatment should be personal-
ized for the patient in order to give patients the optimum fluid 
and avoid any possible adverse effects caused by excess fluid.
It is an effective method for maintaining hemodynamic 
stability and providing adequate intravascular volume. Hypo-
volemia as well as excessive fluid overload can have serious 
negative consequences (9,10).
It is still unclear which criteria will be used in the selection of 
fluid therapy. The reason for the lack of a fixed approach is 
that the scientific principles on which liquid application is 
based are constantly changing as a result of current studies 
(11).
There are many studies on fluid treatment that should be 
applied during the operation. Particular emphasis is given to 
standard, restrictive and individualized targeted fluid 
treatment methods. However, there is no widely accepted 
definition for these free and restrictive fluid treatment meth-
ods. In studies comparing free and restrictive fluid therapies, 
differences in pre- and postoperative patient data, complexity, 
amount and type of fluids used, additional fluid or inotropic 
requirement during surgery, and non-standardization of the 
surgical team complicate the interpretation of these results. 
Excessive fluid administration in standard fluid treatment 
may result in an increase in venous pressure and fluid passage 
into the intracellular areas, resulting in pulmonary and 
peripheral edema and consequently reduced systemic and 
local tissue oxygenation. The use of crystalloids especially in 
the treatment of free fluid may cause problems such as weight 
gain, bowel edema, dilution of coagulation factors, anasto-
motic leaks, longer hospital stay, and increased costs. In 
addition, free fluid treatment in outpatient surgical patients 
has been shown to reduce postoperative pain, dizziness, 
nausea and vomiting (8,12).
Restrictive fluid therapy aims to provide the least amount of 
fluid without leaving patients hypovolemic. The aim is to 

keep the amount of fluid that the patient receives and removes 
as much as possible and to avoid weight gain due to fluid 
therapy. Studies have shown that the complications that may 
occur after surgical intervention are reduced with restrictive 
fluid therapy. However, there are reports showing that a 
hypovolemia that may have consequences such as risk of 
cardiac output reduction and multiple organ failure may 
occur (12-14).
In our study, we aimed to review the perioperative fluid appli-
cations and increase awareness of the principles of intraoper-
ative fluid applications.
In a total of 152 patients undergoing elective intraabdominal 
surgery performed by Nisanevich V et al., liberal fluid 
treatment (10 ml/kg bolus after 12 ml/kg/h infusion) and 
restrictive fluid treatment (4 ml/kg/h) were compared. As a 
result, it was found that the length of hospital stay in the 
restrictive group was significantly shorter and postoperative 
weight gain was less in the restrictive group, and there was no 
significant difference in terms of other complications (12).
In our study, ASA (I-II-III) patient groups were compared by 
calculating the amount of fluid they received and the standard 
amount of fluid (fasting, maintenance, surgical fluid require-
ment according to the 4-2-1 rule). Based on the standard fluid 
requirement (liberal approach), it was found that the amount 
of fluid received by the patients was low and the total amount 
of fluid left behind.
In a prospective study of 61 patients who underwent abdomi-
nal surgery by Aguilar-Nascimento JE et al., they compared 
mean postoperative morbidity and length of hospital stay by 
giving 2100 ml of fluid to the restrictive fluid group and 3575 
ml to the free fluid group. In the study, it has been reported 
that restrictive fluid treatment reduces morbidity and time of 
hospital stay (13). In another randomized controlled study by 
Holte K et al., 48 patients with knee replacement surgery 
were included in the study. 4250 ml fluid was applied to the 
standard fluid treatment group and 1740 ml fluid was applied 
to the limited fluid treatment group, respectively. At the end 
of the study, it was found that free fluid therapy reduces 
postoperative vomiting and hypercoagulability compared to 
restrictive fluid therapy (15).
In our study, the mean amount of fluid given to patients was 
2677 ml (11.3 ml/kg/h). The amount of fluid given is between 
the restrictive and standard groups in this study. In our study, 
no investigation was made in terms of morbidity and length 
of hospitalization. In our study, no examination was made in 
terms of postoperative complications.
In a randomized controlled study by Noblett et al., 108 
patients undergoing colorectal surgery were examined. 
Patients were divided into targeted fluid therapy (3638 ml) 
and standard fluid therapy (3854 ml) groups. IL-6 levels were 
significantly lower in the targeted fluid treatment group. In a 
study on rats conducted by Klemannet al, it was observed that 
over-crystalloid loading induced an increase in both systemic 
inlammatory response markers  and degradation of collagen.
 In the results of this study, the hypothesis that the inflamma-
tory process would delay wound healing was emphasized.
It has been reported that vasopressor therapy can be started 
early in order to prevent fluid overloading (16,17).

In our study, the mean amount of fluid given intraoperatively 
was found to be statistically higher in patients receiving IV 
vasopressor. As a result, it was thought that patients who 
underwent IV vasopressor may be present in high-risk 
surgery and high-risk patients and therefore may be at risk of 
developing more complications in the operation. Another 
finding that supports this is the high amount of fluid given to 
ASA III patients in the ASA III group when compared to ASA 
II patients. This suggests that vasopressor agents and fluid 
infusion are used together to achieve hemodynamic stability.
In a study conducted by Jacob et al., in healthy adults under-
going elective surgery, it has been shown that preoperative 
long periods of fasting have negative effects on patients' 
cardiopulmonary function and provoke hypovolemia (18). In 
our study, preoperative fasting periods were significantly 
longer (mean fasting time:10.7 hours) when different surgical 
branches were examined. Fasting patients for 9 hours or more 
make up 73% of all patients.
In our study, when the data related to the use of colloid in our 
clinic were examined; In 29.5% of patients, colloid was used. 
No case of colloid fluid replacement over 1000 ml was 
observed.
In a study by Perel et al., dilutional anemia may be considered 
as an important cause of shock (5th shock type) that disrupts 
nutrition at the cell level. It was stated that excessive fluid 
application would cause an increase in blood transfusion 
amount due to dilutional anemia and hemoglobin value 
would be decreased by approximately 1.1 g/dl after replace-
ment of 500 ml fluid (19).
In our study; Intraoperative fluid administration was found to 
be higher in patients who underwent blood and plasma 
replacement during intraoperative period. This may be due to 
dilutional anemia or lack of intravascular volume lost by 
surgical bleeding.
In studies examining the effects of fluids on plasma, it has 
been observed that balanced replacement solutions least 
disrupt the electrolyte balance and positively affect the 
plasma pH value.
Hyperchloremic acidosis due to the physiological applica-
tions of serum manifests itself as a common problem (20,21).
In our study, when the fluid types given in the intraoperative 
period are examined, we see that the most preferred crystal-
loid type is balanced crystalloid solution (isolyte-S) in 74%. 
The use of balanced crystalloid which has the closest plasma 
content is the most commonly preferred type of fluid in our 
clinical practice.
While fluid restriction is the standard practice in thoracic 
surgery, intraoperative fluid volume varies in the general 
surgery. In the study of 141 cases in colorectal surgery, the 
liberal and (2.7 L, largely colloid) restrictive (5.4 L, largely 
saline) fluid regimen were compared (22). In our study, 
postoperative complications were 51% in the liberal group, 
but significantly decreased in the restrictive group and were 
33%. There was no increase in renal complications in restric-
tive group. In an article evaluating the effects of restrictive 
and liberal fluid regimens on postoperative outcome, it was 
emphasized that there is no clear definition for these two 
application protocols in clinical practice. It has been observed 
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ABSTRACT
Objective:
Especially in large surgical procedures, it is recommended that the fluid treatment be performed 
according to the needs of the patient in the presence of hemodynamic monitoring during the 
operation. We aimed to review intraoperative fluid treatments and to increase awareness of 
intraoperative fluid management.

Methods:
The patients (393) who underwent general anesthesia were included in the study. According to 
the information of intraoperative fluid applications, the demographic characteristics of the 
patients and the amount and type of fluid that should be given according to the type of operation 
performed were determined.

Results:
In our study, the mean amount of fluid given to patients was found to be 2677.61 ml. The mean 
intraoperative fluid volume was higher in patients who were treated with IV vasopressors than 
in untreated patients (3477.27 ml). When compared with patients with ASA 1-2 group, the 
amount of fluid given to the patients in the ASA-3 group was high (2795 ml). Comparing the 
type of surgery and the amount of fluid given intraoperatively, we observed that the amount of 
intraoperative fluid was significantly higher in the high-risk surgical group (3601.65 ml). We 
can say that we are close to liberal practices as a liquid strategy. The use of balanced crystalloid 
with the closest content to plasma is the most preferred liquid type in our clinical practice.

Conclusion:
Due to the variability of the concepts of liberal and restrictive fluid regimen and the lack of 
standardized targeted clinical and physiological parameters, no specific evidence-based guide-
line or procedure specific fluid treatment could be demonstrated. In our study, we see that fluid 
replacement is performed under standard fluid treatment, which still can be considered liberal. 
We think that it can be useful to use hemodynamic monitoring methods more frequently in 
patients who need them, also in selected patient groups.
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ÖZ
Giriş/Amaç:
Büyük cerrahi işlemlerde, hemodinamik monitörizasyon ve hastanın ihtiyacına göre sıvı 
tedavisinin yapılması önerilmektedir. Biz intraoperatif sıvı tedavilerini gözden geçirmeyi ve 
intraoperatif sıvı ilkelerine farkındalığı arttırmayı amaçladık.

Gereç ve Yöntemler:
Genel anestezi uygulanan hastalar (393) çalışmaya dahil 
edildi. İntraoperatif sıvı uygulamaları, hastaların demografik 
özellikleri ve yapılmış olan operasyonun türüne göre 
verilmesi gereken sıvı miktarları ve türü belirlendi. Hasta-
ların mevcut kayıtlarından verilmiş olan sıvı miktarlarına ait 
verilerle karşılaştırılma yapılarak sonuçlar analiz edildi.

Bulgular:
Çalışmamızda hastalara verilen ortalama sıvı miktarı 2677,61 
ml (11,3 ml/kg/saat) olarak bulunmuştur. IV vazopressör 
kullanılan hastalarda intraoperatif verilen ortalama sıvı 
miktarlarının kullanılmayan hastalara göre daha yüksek 
olduğu görüldü (3477,27 ml). ASA-3 grubu hastalar ASA1-2 
grubu hastalarla kıyaslandığında, ASA-3 grubu hastalara 
intraoperatif dönemde verilen sıvı miktarı yüksekti (2795 
ml). Cerrahi tipi ve intraoperatif verilen sıvı miktarları 
karşılaştırıldığında; yüksek riskli cerrahi grubunda intraoper-
atif verilen sıvı miktarının anlamlı olarak daha yüksek 
olduğunu gözlendi (3601,65 ml). Sıvı yönetiminde liberal 
uygulamalara yakın değerlerde olduğumuzu söyleyebiliriz. 
Kristaloid kullanımı klinik pratiğimizde en sık tercih 
ettiğimiz sıvı tipi olarak karşımıza çıkmaktadır.

Sonuç:
Liberal ve restriktif sıvı rejimi kavramlarının değişkenliği, 
hedeflenen klinik ve fizyolojik parametrelerin standart olma-
ması nedeniyle kanıta dayalı kılavuz veya prosedüre özel bir 
sıvı tedavisi ortaya konamamıştır. Yüksek riskli hastalarda 
sıvı yönetimi için tek tip yaklaşım uygun olmayacaktır. Bizim 
çalışmamızda standart sıvı tedavisi uygulamaktayız, 
sonuçlarımız liberal sayılabilir. Hemodinamik monitor-
izasyon yöntemlerine ve hastanın sıvı gereksinimlerine 
dikkat edilerek replasman yapılmasının faydalı olacağını 
düşünmekteyiz.

Anahtar Sözcükler: Sıvı, Liberal, Restriktif, Perioperat-
if, Kristalloid, Kolloid

INTRODUCTION
Fluid treatment is an integral and most important part of 
perioperative treatment. Maintaining intravascular volume 
and maintaining hemodynamic stability play an important 
role on postoperative morbidity and mortality. There is a 
well-known relationship between the volume of fluid admin-
istered to the patient in the perioperative period and postoper-
ative morbidity. If sufficient fluid is not administered to the 
patient, various complications such as acute kidney damage, 
hypotension, heart rhythm disturbances, ischemia, anastomo-
sis leakage may occur due to hypovolemia. If the patient is 
overcharged, various complications such as prolonged 
mechanical ventilation, delayed wound healing or infection 
may occur due to overloading. Therefore, keeping the fluid 
status of the patient in a sensitive balance in the perioperative 
period is critical for postoperative morbidity and mortality.
In order to give sufficient fluid to the patients and to avoid the 
possible negative effects caused by the excess fluid, hemody-
namic monitoring showing fluid response should be 

performed and fluid treatment should be personalized for the 
patient by applying a rational fluid strategy (1-8).
In our study; we aimed to review the perioperative fluid 
applications and increase awareness of the principles of 
intraoperative fluid applications.

METHODS
The aim of our study was to review intraoperative fluid appli-
cations and to increase awareness on the principles of 
intraoperative fluid applications. we aim to evaluate the 
adequacy of our applications in perioperative fluid treatment 
in general anesthesia patients and to share our data with our 
clinic.
This research complies with all the relevant national regula-
tions, institutional policies and in accordance with the tenets 
of the Helsinki Declaration, and has been approved by the 
Akdeniz University Medical Faculty Ethical Committee 
(approval number: 24.02.2016/148). 
 In this prospective-observational study, patients aged 18-65 
years who underwent elective surgery with general anesthesia 
were included in the study. Pediatric and geriatric patients 
undergoing regional anesthesia were excluded from the 
study.
There are no termination criteria for our study because the 
observational evaluation is qualified and it will be performed 
in patients undergoing general anesthesia without changing 
the general anesthesia practices. Intraoperative drugs, blood 
and fluid infusions and blood-fluid losses are recorded in 
anesthesia follow-up forms in all patients who underwent 
anesthesia for surgical intervention. Our study was based on 
the records in these forms. After the operation was complet-
ed, the information in the Anesthesia Follow-up Form of the 
patients was recorded in our study form. There was no 
intervention or contribution to anesthesia method, drug, 
liquid-blood infusions.
When calculating the amount of fluid that patients should 
take during the intraoperative period:
1.  Preoperative fluid deficits were calculated according to  
     preoperative fasting periods and patient characteristics.
2. The amount of intravenous fluid to be given according to     
    the duration of operation in the intraoperative period was  
    calculated.
3. Fluid loss was calculated according to the type of operation          
    (light-medium-heavy) and additional fluid needs were 
    determined.
 With the data obtained from these calculations, the total 
intraoperative need of the patients was determined and 
compared with the total amount of fluid given during the 
operation.
The patients included in the study were divided into 3 classes 
according to the size of the surgical intervention. This is due 
to the increased capillary permeability due to a number of 
mediators released during the surgery in response to surgical 
trauma, depending on the size of the surgical procedure, a 
certain amount of fluid escapes the vessel, ie the interstitial 
space and the third cavities (intestinal lumen, peritoneal 
cavity, pleural space, etc.). This leakage can be up to 6 
ml/kg/h in a low-grade surgery, up to 8 ml/kg/h in a medi-

um-grade surgery and up to 10-20 ml/kg /h in a high-grade 
surgery.
In our study, the parameters that we evaluated during the 
anesthesia, including the fluids we administered during the 
intraoperative period and blood-fluid losses due to surgery 
are listed below:
- Demographic characteristics of patients
- Duration and type of operation
- Intraoperative hemodynamic monitoring 
   (blood pressure, heart rate)
- Is there a preoperative fluid infusion?
- Intraoperative IV fluid treatment and amount
- Losses from perioperative catheters (urine, nasogastric)
- Perioperative blood-fluid (acid fluid) losses
- Additional systemic diseases of patients
- Intravenous vascular access
- Intraoperative vasopressor use

Statistical Evaluation
Descriptive findings are presented in percentages when data 
are counted. In the case of data specified by measurement; the 
data are presented in averages and standard deviations if 
normal distribution is present, and in median and quartiles 
and min-max values if no normal distribution is present.  
Chi-square test was used to compare two or more groups in 
the census data.
In the case of continuous measurement, comparison of two 
independent groups; Student t test (significance test of differ-
ence between two means in independent groups) if it is 
suitable for normal distribution, and Mann Whitney-u test 
which is non-parametric equivalent if it is not suitable for 
normal distribution. The mean of three or more groups were 
compared with Analysis of Variances (ANOVA) and scheffe 
was used as post hoc test.

RESULTS
A total of 393 patients aged 18-65 years who underwent 
elective surgery with general anesthesia were included in the 
study. Demographic characteristics of the patients included in 
the study are shown in Table I and Figure 1.

Table I. Characteristics of the patients in the study

Figure1. Distribution of patients according to surgery

Patients were divided into three groups according to intraop-
erative fluid infusion. 
6 ml/kg/h group (small surgical group), 8 ml/kg/h group 
(middle surgical group) and 10 ml/kg/h group (large surgical 
group) were identified (Table II).

Table II. Surgical intervention and operation time

The mean preoperative fasting time of the patients was 10.73 
± 2.66 hours. There were 287 patients with a fasting period of 
9 hours or more. This is 73% of patients. The number of 
patients receiving IV fluid infusion in the preoperative period 
was 73 patients, this is 18.6% of patients. The fluid infusion 
in patients is summarized in Table III. 

Table III. Fluids given to patients and fasting periods

When the patients who participated in the study were 
compared in terms of the size of the surgical intervention and 
the amount of fluid given, it was found that the amount of 
fluid increased significantly as the size of the surgical 
intervention increased (p <0.05) (Table IV).

Table IV. Surgery and intraoperative fluid volumes

There was no significant difference between the amount of IV 
fluid given between the surgical branches examined in the 
study (p>0.05)(Table V).

Table V. Surgery and intraoperative fluid volumes

When the patients receiving IV vasopressor were examined 
in terms of their relationship with the mean amount of fluid 
administered intraoperatively, it was observed that patients 
receiving IV vasopressor had significantly higher fluid intake 
during the intraoperative period (p <0.05). In the comparison 
of the mean amount of fluid administered in the intraopera-
tive period with the ASA groups, no significant relationship 
was found. In addition, when the groups of patients undergo-
ing emergency and elective surgery were evaluated in terms 
of the mean amount of fluid delivered during the intraopera-
tive period, it was seen that the mean amount of fluid given 
intraoperatively was higher in emergency operations. How-
ever, this relationship was not statistically significant (p> 
0.05). There was no significant difference between the mean 
fluid intake of the patients according to surgical types during 
the intraoperative period. When intraoperative mean blood 
flow and fresh frozen plasma were examined in terms of 
intraoperative mean fluid volume, it was found that the 
amount of fluid given in patients who underwent blood and 
plasma replacement was significantly higher (p <0.05) 
(Table VI).

Table VI. Comparison of intraoperative fluid intake in different    
          groups

According to these results, preoperative IV fluid replacement 
is performed only in 18.6% of the patients (Table VII).

Table VII. Preoperative IV fluid infusion rates according to the        
                   surgery

The amount of fluid to be given to the patients participating 
in the study was calculated based on the 4-2-1 rule. Consider-
ing this calculation, the differences between the amount of 
fluid given to the patients and the amount of fluid to be given 
were examined. Of the 393 patients who participated in the 
study, 28 of them had the amount of fluid given; the amount 
of fluid that the patient should take. Of these 28 patients were 
orthopedic patients who had undergone extremity surgery for 
more than 3 hours, and 23 of them were general surgery, 
urology and gynecology cases who had abdominal surgery. 

The amount of fluid delivered to the patient was greater than 
the amount of fluid required in 28 patients. In the other 365 
patients, the amount of fluid given to the patient was equal to 
or less than the amount of fluid that the patient had to take. In 
the evaluation of this last group of patients, some analyzes 
were performed by measuring the amount of missing fluid. In 
these analyzes, missing fluid measurements of 28 patients in 
the first group were considered to be zero in order not to 
affect the evaluation.
Of the 393 patients who participated in the study, the amount 
of fluid given to the patients was lower than the amount of 
fluid required in 365 patients. The comparison of the amount 
of fluid given to patients with different parameters is shown 

that standard, restrictive and liberal fluid applications do not 
apply high amounts of liquid which will cause damage. There 
were no significant differences in the patients with postopera-
tive complications (21-24).
Corcoran T and colleagues reported that targeted fluid 
treatment applications were significantly better than liberal 
fluid treatment (25).
According to other fluid treatment methods, individualized 
targeted fluid treatment and zero balance fluid treatment 
applications are more effective in achieving hemodynamic 
balance, increasing tissue perfusion and reducing surgical 
complications; It is reported to provide a reduction in hospital 
stay and maintenance costs (26).
They reported that “zero-balance fluid therapy” (which can 
be considered as one of the restrictive fluid strategies) is 
sufficient in the intraoperative period and that one of the most 
recent approaches, targeted fluid therapy, should be applied 
in all patients (27).
In our study, we concluded that the amount of fluid given to 
the patients during intraoperative fluid treatment was mostly 
missing from the amount of fluid that patients should take. 
We found that the amount of fluid given was not statistically 
significant, but was higher in ASA III group than in ASA I-II 
group. We concluded that the amount of fluid given was 
significantly higher in the 10 ml/ kg/h large surgical group. 
We also observed that in cases of prolonged surgery, we gave 
statistically significantly more incomplete fluid. In conclu-
sion, in parallel with current approaches in our anesthesia 
clinic, we can conclude that in high-risk surgeries and 
high-risk patient groups, we pay more attention to avoiding 
liberal fluid applications with incomplete fluid applications 
in intraoperative period compared to other patient groups. 
However, since the calculation of the amount of fluid 
required by our patients is determined by a calculation 
considered as liberal fluid treatment, we should emphasize 
that the amount of the missing fluid may not be within the 
range that can be considered as restrictive fluid application.
In our study, we determined that the amount of deficient fluid 
given to patients undergoing ENT surgery was higher than 
the other groups. In our anesthesia clinic, we think that 
especially controlled hypotension applications that we 
perform in ENT operations are effective in this result. When  
the deficient fluids according to the operation time was 
analyzed, we found that the amount of intravenous deficient 
fluid was significantly higher in the group of patients with an 
operation time over 3 hours. In conclusion, we think that 
preoperative fluid deficits in the first three hours of operation 
may have an effect on the calculation of the amount of fluid 
that patients should receive.

CONCLUSION
 In our study, due to the variability of the liberal and restric-
tive fluid regimen concepts and the non-standard clinical and 
physiological parameters targeted, no evidence-based guide-
line or procedure-specific fluid treatment could be estab-
lished. Uniform approach for fluid management in high-risk 
patients will not be appropriate.
Especially in large surgical interventions, it is recommended 
that fluid treatment be performed during surgery with hemo-
dynamic monitoring and according to the patient's needs. 
Adequate equipment and the presence of an anesthesiologist 
with sufficient clinical experience is an important factor that 
will increase the individualized targeted fluid treatment. In 
our study, we observed that fluid replacement was performed 
under the calculation we performed according to standard 
fluid treatment, but for our results, which are still at a liberal 
level, it would be beneficial to consider hemodynamic moni-
toring methods more frequently in patients in need, especially 
considering the fluid requirements of the patient in selected 
groups. There is a wide range of studies that can be used more 
safely for the individualized targeted fluid treatment 
approach in large surgical interventions and high-risk patient 
groups. Therefore, there is a need for new scientific studies 
on fluid treatment during the surgical procedure. In this way, 
by making the standard definition of liquid applications, the 
effects and results of these applications will be better under-
stood.
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in Table VIII. 

Table VIII. Examination of the amount of incomplete fluid given 
intraoperatively in different groups

We observed that patients with ASA III were given less liquid 
than ASA I-II patients, but this difference was not statistically 
significant. In the elective surgery group, the amount of 
deficient fluid given was less than the emergency operation 
group. However, this difference was not statistically signifi-
cant. When the amount of fluid given was analyzed in terms 
of operation time, it was seen that less fluid was given in the 
group with operation time of 3 hours or more compared to the 
group with operation time less than 3 hours (p <0.05).
The comparison of the amount of missing fluid given to the 
patients who participated in the study with the type of surgery 
(size of the surgical intervention) is given in Table IX. 

Table IX. Surgery and incomplete fluid given intraoperatively

As a result of the variance analysis, it was found that an 
average of 1855.53 ml of incomplete fluid replacement was 
performed in the 10 ml/kg/h (high-risk surgeries) group. In 
the 10 ml/kg/h group, the amount of deficient fluid was 
significantly higher than the 6 ml/kg/h and 8 ml/kg/h groups 
(p <0.05). No significant difference was found between the 6 
ml/kg/h and 8 ml/kg/h groups.
The comparison of the amount of fluid given to the patients 
according to the branches is shown in Table X. While the 
missing amount was the highest in the ENT group (mean 
2504.31 ml), it was observed that the missing amount (729.94 
ml) in the Gynecology group was the lowest compared to 
other branches.

Table X. Surgery and incomplete fluid given intraoperatively

DISCUSSION
The perioperative fluid therapy is a highly controversial 
issue, data from these studies suggest that targeted fluid 
therapy may reduce postoperative major complications in 
order to achieve hemodynamic stability. The lack of standard 
criteria for perioperative fluid treatment leads to very differ-
ent clinical applications. There are discussions about intraop-
erative fluid management with variable recommendations for 
fluid composition and volume applied.
The hemodynamic monitoring that predicts fluid response 
should be performed and fluid treatment should be personal-
ized for the patient in order to give patients the optimum fluid 
and avoid any possible adverse effects caused by excess fluid.
It is an effective method for maintaining hemodynamic 
stability and providing adequate intravascular volume. Hypo-
volemia as well as excessive fluid overload can have serious 
negative consequences (9,10).
It is still unclear which criteria will be used in the selection of 
fluid therapy. The reason for the lack of a fixed approach is 
that the scientific principles on which liquid application is 
based are constantly changing as a result of current studies 
(11).
There are many studies on fluid treatment that should be 
applied during the operation. Particular emphasis is given to 
standard, restrictive and individualized targeted fluid 
treatment methods. However, there is no widely accepted 
definition for these free and restrictive fluid treatment meth-
ods. In studies comparing free and restrictive fluid therapies, 
differences in pre- and postoperative patient data, complexity, 
amount and type of fluids used, additional fluid or inotropic 
requirement during surgery, and non-standardization of the 
surgical team complicate the interpretation of these results. 
Excessive fluid administration in standard fluid treatment 
may result in an increase in venous pressure and fluid passage 
into the intracellular areas, resulting in pulmonary and 
peripheral edema and consequently reduced systemic and 
local tissue oxygenation. The use of crystalloids especially in 
the treatment of free fluid may cause problems such as weight 
gain, bowel edema, dilution of coagulation factors, anasto-
motic leaks, longer hospital stay, and increased costs. In 
addition, free fluid treatment in outpatient surgical patients 
has been shown to reduce postoperative pain, dizziness, 
nausea and vomiting (8,12).
Restrictive fluid therapy aims to provide the least amount of 
fluid without leaving patients hypovolemic. The aim is to 

keep the amount of fluid that the patient receives and removes 
as much as possible and to avoid weight gain due to fluid 
therapy. Studies have shown that the complications that may 
occur after surgical intervention are reduced with restrictive 
fluid therapy. However, there are reports showing that a 
hypovolemia that may have consequences such as risk of 
cardiac output reduction and multiple organ failure may 
occur (12-14).
In our study, we aimed to review the perioperative fluid appli-
cations and increase awareness of the principles of intraoper-
ative fluid applications.
In a total of 152 patients undergoing elective intraabdominal 
surgery performed by Nisanevich V et al., liberal fluid 
treatment (10 ml/kg bolus after 12 ml/kg/h infusion) and 
restrictive fluid treatment (4 ml/kg/h) were compared. As a 
result, it was found that the length of hospital stay in the 
restrictive group was significantly shorter and postoperative 
weight gain was less in the restrictive group, and there was no 
significant difference in terms of other complications (12).
In our study, ASA (I-II-III) patient groups were compared by 
calculating the amount of fluid they received and the standard 
amount of fluid (fasting, maintenance, surgical fluid require-
ment according to the 4-2-1 rule). Based on the standard fluid 
requirement (liberal approach), it was found that the amount 
of fluid received by the patients was low and the total amount 
of fluid left behind.
In a prospective study of 61 patients who underwent abdomi-
nal surgery by Aguilar-Nascimento JE et al., they compared 
mean postoperative morbidity and length of hospital stay by 
giving 2100 ml of fluid to the restrictive fluid group and 3575 
ml to the free fluid group. In the study, it has been reported 
that restrictive fluid treatment reduces morbidity and time of 
hospital stay (13). In another randomized controlled study by 
Holte K et al., 48 patients with knee replacement surgery 
were included in the study. 4250 ml fluid was applied to the 
standard fluid treatment group and 1740 ml fluid was applied 
to the limited fluid treatment group, respectively. At the end 
of the study, it was found that free fluid therapy reduces 
postoperative vomiting and hypercoagulability compared to 
restrictive fluid therapy (15).
In our study, the mean amount of fluid given to patients was 
2677 ml (11.3 ml/kg/h). The amount of fluid given is between 
the restrictive and standard groups in this study. In our study, 
no investigation was made in terms of morbidity and length 
of hospitalization. In our study, no examination was made in 
terms of postoperative complications.
In a randomized controlled study by Noblett et al., 108 
patients undergoing colorectal surgery were examined. 
Patients were divided into targeted fluid therapy (3638 ml) 
and standard fluid therapy (3854 ml) groups. IL-6 levels were 
significantly lower in the targeted fluid treatment group. In a 
study on rats conducted by Klemannet al, it was observed that 
over-crystalloid loading induced an increase in both systemic 
inlammatory response markers  and degradation of collagen.
 In the results of this study, the hypothesis that the inflamma-
tory process would delay wound healing was emphasized.
It has been reported that vasopressor therapy can be started 
early in order to prevent fluid overloading (16,17).

In our study, the mean amount of fluid given intraoperatively 
was found to be statistically higher in patients receiving IV 
vasopressor. As a result, it was thought that patients who 
underwent IV vasopressor may be present in high-risk 
surgery and high-risk patients and therefore may be at risk of 
developing more complications in the operation. Another 
finding that supports this is the high amount of fluid given to 
ASA III patients in the ASA III group when compared to ASA 
II patients. This suggests that vasopressor agents and fluid 
infusion are used together to achieve hemodynamic stability.
In a study conducted by Jacob et al., in healthy adults under-
going elective surgery, it has been shown that preoperative 
long periods of fasting have negative effects on patients' 
cardiopulmonary function and provoke hypovolemia (18). In 
our study, preoperative fasting periods were significantly 
longer (mean fasting time:10.7 hours) when different surgical 
branches were examined. Fasting patients for 9 hours or more 
make up 73% of all patients.
In our study, when the data related to the use of colloid in our 
clinic were examined; In 29.5% of patients, colloid was used. 
No case of colloid fluid replacement over 1000 ml was 
observed.
In a study by Perel et al., dilutional anemia may be considered 
as an important cause of shock (5th shock type) that disrupts 
nutrition at the cell level. It was stated that excessive fluid 
application would cause an increase in blood transfusion 
amount due to dilutional anemia and hemoglobin value 
would be decreased by approximately 1.1 g/dl after replace-
ment of 500 ml fluid (19).
In our study; Intraoperative fluid administration was found to 
be higher in patients who underwent blood and plasma 
replacement during intraoperative period. This may be due to 
dilutional anemia or lack of intravascular volume lost by 
surgical bleeding.
In studies examining the effects of fluids on plasma, it has 
been observed that balanced replacement solutions least 
disrupt the electrolyte balance and positively affect the 
plasma pH value.
Hyperchloremic acidosis due to the physiological applica-
tions of serum manifests itself as a common problem (20,21).
In our study, when the fluid types given in the intraoperative 
period are examined, we see that the most preferred crystal-
loid type is balanced crystalloid solution (isolyte-S) in 74%. 
The use of balanced crystalloid which has the closest plasma 
content is the most commonly preferred type of fluid in our 
clinical practice.
While fluid restriction is the standard practice in thoracic 
surgery, intraoperative fluid volume varies in the general 
surgery. In the study of 141 cases in colorectal surgery, the 
liberal and (2.7 L, largely colloid) restrictive (5.4 L, largely 
saline) fluid regimen were compared (22). In our study, 
postoperative complications were 51% in the liberal group, 
but significantly decreased in the restrictive group and were 
33%. There was no increase in renal complications in restric-
tive group. In an article evaluating the effects of restrictive 
and liberal fluid regimens on postoperative outcome, it was 
emphasized that there is no clear definition for these two 
application protocols in clinical practice. It has been observed 
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ÖZ
Giriş/Amaç:
Büyük cerrahi işlemlerde, hemodinamik monitörizasyon ve hastanın ihtiyacına göre sıvı 
tedavisinin yapılması önerilmektedir. Biz intraoperatif sıvı tedavilerini gözden geçirmeyi ve 
intraoperatif sıvı ilkelerine farkındalığı arttırmayı amaçladık.

Gereç ve Yöntemler:
Genel anestezi uygulanan hastalar (393) çalışmaya dahil 
edildi. İntraoperatif sıvı uygulamaları, hastaların demografik 
özellikleri ve yapılmış olan operasyonun türüne göre 
verilmesi gereken sıvı miktarları ve türü belirlendi. Hasta-
ların mevcut kayıtlarından verilmiş olan sıvı miktarlarına ait 
verilerle karşılaştırılma yapılarak sonuçlar analiz edildi.

Bulgular:
Çalışmamızda hastalara verilen ortalama sıvı miktarı 2677,61 
ml (11,3 ml/kg/saat) olarak bulunmuştur. IV vazopressör 
kullanılan hastalarda intraoperatif verilen ortalama sıvı 
miktarlarının kullanılmayan hastalara göre daha yüksek 
olduğu görüldü (3477,27 ml). ASA-3 grubu hastalar ASA1-2 
grubu hastalarla kıyaslandığında, ASA-3 grubu hastalara 
intraoperatif dönemde verilen sıvı miktarı yüksekti (2795 
ml). Cerrahi tipi ve intraoperatif verilen sıvı miktarları 
karşılaştırıldığında; yüksek riskli cerrahi grubunda intraoper-
atif verilen sıvı miktarının anlamlı olarak daha yüksek 
olduğunu gözlendi (3601,65 ml). Sıvı yönetiminde liberal 
uygulamalara yakın değerlerde olduğumuzu söyleyebiliriz. 
Kristaloid kullanımı klinik pratiğimizde en sık tercih 
ettiğimiz sıvı tipi olarak karşımıza çıkmaktadır.

Sonuç:
Liberal ve restriktif sıvı rejimi kavramlarının değişkenliği, 
hedeflenen klinik ve fizyolojik parametrelerin standart olma-
ması nedeniyle kanıta dayalı kılavuz veya prosedüre özel bir 
sıvı tedavisi ortaya konamamıştır. Yüksek riskli hastalarda 
sıvı yönetimi için tek tip yaklaşım uygun olmayacaktır. Bizim 
çalışmamızda standart sıvı tedavisi uygulamaktayız, 
sonuçlarımız liberal sayılabilir. Hemodinamik monitor-
izasyon yöntemlerine ve hastanın sıvı gereksinimlerine 
dikkat edilerek replasman yapılmasının faydalı olacağını 
düşünmekteyiz.

Anahtar Sözcükler: Sıvı, Liberal, Restriktif, Perioperat-
if, Kristalloid, Kolloid

INTRODUCTION
Fluid treatment is an integral and most important part of 
perioperative treatment. Maintaining intravascular volume 
and maintaining hemodynamic stability play an important 
role on postoperative morbidity and mortality. There is a 
well-known relationship between the volume of fluid admin-
istered to the patient in the perioperative period and postoper-
ative morbidity. If sufficient fluid is not administered to the 
patient, various complications such as acute kidney damage, 
hypotension, heart rhythm disturbances, ischemia, anastomo-
sis leakage may occur due to hypovolemia. If the patient is 
overcharged, various complications such as prolonged 
mechanical ventilation, delayed wound healing or infection 
may occur due to overloading. Therefore, keeping the fluid 
status of the patient in a sensitive balance in the perioperative 
period is critical for postoperative morbidity and mortality.
In order to give sufficient fluid to the patients and to avoid the 
possible negative effects caused by the excess fluid, hemody-
namic monitoring showing fluid response should be 

performed and fluid treatment should be personalized for the 
patient by applying a rational fluid strategy (1-8).
In our study; we aimed to review the perioperative fluid 
applications and increase awareness of the principles of 
intraoperative fluid applications.

METHODS
The aim of our study was to review intraoperative fluid appli-
cations and to increase awareness on the principles of 
intraoperative fluid applications. we aim to evaluate the 
adequacy of our applications in perioperative fluid treatment 
in general anesthesia patients and to share our data with our 
clinic.
This research complies with all the relevant national regula-
tions, institutional policies and in accordance with the tenets 
of the Helsinki Declaration, and has been approved by the 
Akdeniz University Medical Faculty Ethical Committee 
(approval number: 24.02.2016/148). 
 In this prospective-observational study, patients aged 18-65 
years who underwent elective surgery with general anesthesia 
were included in the study. Pediatric and geriatric patients 
undergoing regional anesthesia were excluded from the 
study.
There are no termination criteria for our study because the 
observational evaluation is qualified and it will be performed 
in patients undergoing general anesthesia without changing 
the general anesthesia practices. Intraoperative drugs, blood 
and fluid infusions and blood-fluid losses are recorded in 
anesthesia follow-up forms in all patients who underwent 
anesthesia for surgical intervention. Our study was based on 
the records in these forms. After the operation was complet-
ed, the information in the Anesthesia Follow-up Form of the 
patients was recorded in our study form. There was no 
intervention or contribution to anesthesia method, drug, 
liquid-blood infusions.
When calculating the amount of fluid that patients should 
take during the intraoperative period:
1.  Preoperative fluid deficits were calculated according to  
     preoperative fasting periods and patient characteristics.
2. The amount of intravenous fluid to be given according to     
    the duration of operation in the intraoperative period was  
    calculated.
3. Fluid loss was calculated according to the type of operation          
    (light-medium-heavy) and additional fluid needs were 
    determined.
 With the data obtained from these calculations, the total 
intraoperative need of the patients was determined and 
compared with the total amount of fluid given during the 
operation.
The patients included in the study were divided into 3 classes 
according to the size of the surgical intervention. This is due 
to the increased capillary permeability due to a number of 
mediators released during the surgery in response to surgical 
trauma, depending on the size of the surgical procedure, a 
certain amount of fluid escapes the vessel, ie the interstitial 
space and the third cavities (intestinal lumen, peritoneal 
cavity, pleural space, etc.). This leakage can be up to 6 
ml/kg/h in a low-grade surgery, up to 8 ml/kg/h in a medi-

um-grade surgery and up to 10-20 ml/kg /h in a high-grade 
surgery.
In our study, the parameters that we evaluated during the 
anesthesia, including the fluids we administered during the 
intraoperative period and blood-fluid losses due to surgery 
are listed below:
- Demographic characteristics of patients
- Duration and type of operation
- Intraoperative hemodynamic monitoring 
   (blood pressure, heart rate)
- Is there a preoperative fluid infusion?
- Intraoperative IV fluid treatment and amount
- Losses from perioperative catheters (urine, nasogastric)
- Perioperative blood-fluid (acid fluid) losses
- Additional systemic diseases of patients
- Intravenous vascular access
- Intraoperative vasopressor use

Statistical Evaluation
Descriptive findings are presented in percentages when data 
are counted. In the case of data specified by measurement; the 
data are presented in averages and standard deviations if 
normal distribution is present, and in median and quartiles 
and min-max values if no normal distribution is present.  
Chi-square test was used to compare two or more groups in 
the census data.
In the case of continuous measurement, comparison of two 
independent groups; Student t test (significance test of differ-
ence between two means in independent groups) if it is 
suitable for normal distribution, and Mann Whitney-u test 
which is non-parametric equivalent if it is not suitable for 
normal distribution. The mean of three or more groups were 
compared with Analysis of Variances (ANOVA) and scheffe 
was used as post hoc test.

RESULTS
A total of 393 patients aged 18-65 years who underwent 
elective surgery with general anesthesia were included in the 
study. Demographic characteristics of the patients included in 
the study are shown in Table I and Figure 1.

Table I. Characteristics of the patients in the study

Figure1. Distribution of patients according to surgery

Patients were divided into three groups according to intraop-
erative fluid infusion. 
6 ml/kg/h group (small surgical group), 8 ml/kg/h group 
(middle surgical group) and 10 ml/kg/h group (large surgical 
group) were identified (Table II).

Table II. Surgical intervention and operation time

The mean preoperative fasting time of the patients was 10.73 
± 2.66 hours. There were 287 patients with a fasting period of 
9 hours or more. This is 73% of patients. The number of 
patients receiving IV fluid infusion in the preoperative period 
was 73 patients, this is 18.6% of patients. The fluid infusion 
in patients is summarized in Table III. 

Table III. Fluids given to patients and fasting periods

35Akd Med J 2022; 8(1):33-41

Evaluation of Intraoperative Fluid Management

When the patients who participated in the study were 
compared in terms of the size of the surgical intervention and 
the amount of fluid given, it was found that the amount of 
fluid increased significantly as the size of the surgical 
intervention increased (p <0.05) (Table IV).

Table IV. Surgery and intraoperative fluid volumes

There was no significant difference between the amount of IV 
fluid given between the surgical branches examined in the 
study (p>0.05)(Table V).

Table V. Surgery and intraoperative fluid volumes

When the patients receiving IV vasopressor were examined 
in terms of their relationship with the mean amount of fluid 
administered intraoperatively, it was observed that patients 
receiving IV vasopressor had significantly higher fluid intake 
during the intraoperative period (p <0.05). In the comparison 
of the mean amount of fluid administered in the intraopera-
tive period with the ASA groups, no significant relationship 
was found. In addition, when the groups of patients undergo-
ing emergency and elective surgery were evaluated in terms 
of the mean amount of fluid delivered during the intraopera-
tive period, it was seen that the mean amount of fluid given 
intraoperatively was higher in emergency operations. How-
ever, this relationship was not statistically significant (p> 
0.05). There was no significant difference between the mean 
fluid intake of the patients according to surgical types during 
the intraoperative period. When intraoperative mean blood 
flow and fresh frozen plasma were examined in terms of 
intraoperative mean fluid volume, it was found that the 
amount of fluid given in patients who underwent blood and 
plasma replacement was significantly higher (p <0.05) 
(Table VI).

Table VI. Comparison of intraoperative fluid intake in different    
          groups

According to these results, preoperative IV fluid replacement 
is performed only in 18.6% of the patients (Table VII).

Table VII. Preoperative IV fluid infusion rates according to the        
                   surgery

The amount of fluid to be given to the patients participating 
in the study was calculated based on the 4-2-1 rule. Consider-
ing this calculation, the differences between the amount of 
fluid given to the patients and the amount of fluid to be given 
were examined. Of the 393 patients who participated in the 
study, 28 of them had the amount of fluid given; the amount 
of fluid that the patient should take. Of these 28 patients were 
orthopedic patients who had undergone extremity surgery for 
more than 3 hours, and 23 of them were general surgery, 
urology and gynecology cases who had abdominal surgery. 

The amount of fluid delivered to the patient was greater than 
the amount of fluid required in 28 patients. In the other 365 
patients, the amount of fluid given to the patient was equal to 
or less than the amount of fluid that the patient had to take. In 
the evaluation of this last group of patients, some analyzes 
were performed by measuring the amount of missing fluid. In 
these analyzes, missing fluid measurements of 28 patients in 
the first group were considered to be zero in order not to 
affect the evaluation.
Of the 393 patients who participated in the study, the amount 
of fluid given to the patients was lower than the amount of 
fluid required in 365 patients. The comparison of the amount 
of fluid given to patients with different parameters is shown 

that standard, restrictive and liberal fluid applications do not 
apply high amounts of liquid which will cause damage. There 
were no significant differences in the patients with postopera-
tive complications (21-24).
Corcoran T and colleagues reported that targeted fluid 
treatment applications were significantly better than liberal 
fluid treatment (25).
According to other fluid treatment methods, individualized 
targeted fluid treatment and zero balance fluid treatment 
applications are more effective in achieving hemodynamic 
balance, increasing tissue perfusion and reducing surgical 
complications; It is reported to provide a reduction in hospital 
stay and maintenance costs (26).
They reported that “zero-balance fluid therapy” (which can 
be considered as one of the restrictive fluid strategies) is 
sufficient in the intraoperative period and that one of the most 
recent approaches, targeted fluid therapy, should be applied 
in all patients (27).
In our study, we concluded that the amount of fluid given to 
the patients during intraoperative fluid treatment was mostly 
missing from the amount of fluid that patients should take. 
We found that the amount of fluid given was not statistically 
significant, but was higher in ASA III group than in ASA I-II 
group. We concluded that the amount of fluid given was 
significantly higher in the 10 ml/ kg/h large surgical group. 
We also observed that in cases of prolonged surgery, we gave 
statistically significantly more incomplete fluid. In conclu-
sion, in parallel with current approaches in our anesthesia 
clinic, we can conclude that in high-risk surgeries and 
high-risk patient groups, we pay more attention to avoiding 
liberal fluid applications with incomplete fluid applications 
in intraoperative period compared to other patient groups. 
However, since the calculation of the amount of fluid 
required by our patients is determined by a calculation 
considered as liberal fluid treatment, we should emphasize 
that the amount of the missing fluid may not be within the 
range that can be considered as restrictive fluid application.
In our study, we determined that the amount of deficient fluid 
given to patients undergoing ENT surgery was higher than 
the other groups. In our anesthesia clinic, we think that 
especially controlled hypotension applications that we 
perform in ENT operations are effective in this result. When  
the deficient fluids according to the operation time was 
analyzed, we found that the amount of intravenous deficient 
fluid was significantly higher in the group of patients with an 
operation time over 3 hours. In conclusion, we think that 
preoperative fluid deficits in the first three hours of operation 
may have an effect on the calculation of the amount of fluid 
that patients should receive.

CONCLUSION
 In our study, due to the variability of the liberal and restric-
tive fluid regimen concepts and the non-standard clinical and 
physiological parameters targeted, no evidence-based guide-
line or procedure-specific fluid treatment could be estab-
lished. Uniform approach for fluid management in high-risk 
patients will not be appropriate.
Especially in large surgical interventions, it is recommended 
that fluid treatment be performed during surgery with hemo-
dynamic monitoring and according to the patient's needs. 
Adequate equipment and the presence of an anesthesiologist 
with sufficient clinical experience is an important factor that 
will increase the individualized targeted fluid treatment. In 
our study, we observed that fluid replacement was performed 
under the calculation we performed according to standard 
fluid treatment, but for our results, which are still at a liberal 
level, it would be beneficial to consider hemodynamic moni-
toring methods more frequently in patients in need, especially 
considering the fluid requirements of the patient in selected 
groups. There is a wide range of studies that can be used more 
safely for the individualized targeted fluid treatment 
approach in large surgical interventions and high-risk patient 
groups. Therefore, there is a need for new scientific studies 
on fluid treatment during the surgical procedure. In this way, 
by making the standard definition of liquid applications, the 
effects and results of these applications will be better under-
stood.

Ethics Committee Approval: This research complies with 
all the relevant national regulations, institutional policies and 
is in accordance with the tenets of the Helsinki Declaration, 
and has been approved by the Akdeniz University Medical 
Faculty Ethical Committee, (approval number: 
24.02.2016/148).

Informed Consent: All the participants’ rights were protect-
ed and written informed consents were obtained before the 
procedures according to the Helsinki Declaration.

Author Contributions: Concept - H.T., B.K.; Design - H.T., 
B.K.,NK; Supervision - H.T., B.K.,NK.; Resources - H.T., 
B.K., NK.; Materials - H.T., B.K.,Y.T.; Data Collection 
and/or Processing - H.T., B.K.; Analysis and/ or Interpreta-
tion - H.T., B.K.; Literature Search - H.T., B.K.; Writing 
Manuscript - H.T., B.K.N.K.,Y.Ç.,Z.B.; Critical Review - 
H.T., B.K.N.K.,Y.Ç.,Z.B.

Conflict of Interest: The authors have no conflict of interest 
to declare. 
Financial Disclosure: The authors declared that this study 
has received no financial support.

 

 

in Table VIII. 

Table VIII. Examination of the amount of incomplete fluid given 
intraoperatively in different groups

We observed that patients with ASA III were given less liquid 
than ASA I-II patients, but this difference was not statistically 
significant. In the elective surgery group, the amount of 
deficient fluid given was less than the emergency operation 
group. However, this difference was not statistically signifi-
cant. When the amount of fluid given was analyzed in terms 
of operation time, it was seen that less fluid was given in the 
group with operation time of 3 hours or more compared to the 
group with operation time less than 3 hours (p <0.05).
The comparison of the amount of missing fluid given to the 
patients who participated in the study with the type of surgery 
(size of the surgical intervention) is given in Table IX. 

Table IX. Surgery and incomplete fluid given intraoperatively

As a result of the variance analysis, it was found that an 
average of 1855.53 ml of incomplete fluid replacement was 
performed in the 10 ml/kg/h (high-risk surgeries) group. In 
the 10 ml/kg/h group, the amount of deficient fluid was 
significantly higher than the 6 ml/kg/h and 8 ml/kg/h groups 
(p <0.05). No significant difference was found between the 6 
ml/kg/h and 8 ml/kg/h groups.
The comparison of the amount of fluid given to the patients 
according to the branches is shown in Table X. While the 
missing amount was the highest in the ENT group (mean 
2504.31 ml), it was observed that the missing amount (729.94 
ml) in the Gynecology group was the lowest compared to 
other branches.

Table X. Surgery and incomplete fluid given intraoperatively

DISCUSSION
The perioperative fluid therapy is a highly controversial 
issue, data from these studies suggest that targeted fluid 
therapy may reduce postoperative major complications in 
order to achieve hemodynamic stability. The lack of standard 
criteria for perioperative fluid treatment leads to very differ-
ent clinical applications. There are discussions about intraop-
erative fluid management with variable recommendations for 
fluid composition and volume applied.
The hemodynamic monitoring that predicts fluid response 
should be performed and fluid treatment should be personal-
ized for the patient in order to give patients the optimum fluid 
and avoid any possible adverse effects caused by excess fluid.
It is an effective method for maintaining hemodynamic 
stability and providing adequate intravascular volume. Hypo-
volemia as well as excessive fluid overload can have serious 
negative consequences (9,10).
It is still unclear which criteria will be used in the selection of 
fluid therapy. The reason for the lack of a fixed approach is 
that the scientific principles on which liquid application is 
based are constantly changing as a result of current studies 
(11).
There are many studies on fluid treatment that should be 
applied during the operation. Particular emphasis is given to 
standard, restrictive and individualized targeted fluid 
treatment methods. However, there is no widely accepted 
definition for these free and restrictive fluid treatment meth-
ods. In studies comparing free and restrictive fluid therapies, 
differences in pre- and postoperative patient data, complexity, 
amount and type of fluids used, additional fluid or inotropic 
requirement during surgery, and non-standardization of the 
surgical team complicate the interpretation of these results. 
Excessive fluid administration in standard fluid treatment 
may result in an increase in venous pressure and fluid passage 
into the intracellular areas, resulting in pulmonary and 
peripheral edema and consequently reduced systemic and 
local tissue oxygenation. The use of crystalloids especially in 
the treatment of free fluid may cause problems such as weight 
gain, bowel edema, dilution of coagulation factors, anasto-
motic leaks, longer hospital stay, and increased costs. In 
addition, free fluid treatment in outpatient surgical patients 
has been shown to reduce postoperative pain, dizziness, 
nausea and vomiting (8,12).
Restrictive fluid therapy aims to provide the least amount of 
fluid without leaving patients hypovolemic. The aim is to 

keep the amount of fluid that the patient receives and removes 
as much as possible and to avoid weight gain due to fluid 
therapy. Studies have shown that the complications that may 
occur after surgical intervention are reduced with restrictive 
fluid therapy. However, there are reports showing that a 
hypovolemia that may have consequences such as risk of 
cardiac output reduction and multiple organ failure may 
occur (12-14).
In our study, we aimed to review the perioperative fluid appli-
cations and increase awareness of the principles of intraoper-
ative fluid applications.
In a total of 152 patients undergoing elective intraabdominal 
surgery performed by Nisanevich V et al., liberal fluid 
treatment (10 ml/kg bolus after 12 ml/kg/h infusion) and 
restrictive fluid treatment (4 ml/kg/h) were compared. As a 
result, it was found that the length of hospital stay in the 
restrictive group was significantly shorter and postoperative 
weight gain was less in the restrictive group, and there was no 
significant difference in terms of other complications (12).
In our study, ASA (I-II-III) patient groups were compared by 
calculating the amount of fluid they received and the standard 
amount of fluid (fasting, maintenance, surgical fluid require-
ment according to the 4-2-1 rule). Based on the standard fluid 
requirement (liberal approach), it was found that the amount 
of fluid received by the patients was low and the total amount 
of fluid left behind.
In a prospective study of 61 patients who underwent abdomi-
nal surgery by Aguilar-Nascimento JE et al., they compared 
mean postoperative morbidity and length of hospital stay by 
giving 2100 ml of fluid to the restrictive fluid group and 3575 
ml to the free fluid group. In the study, it has been reported 
that restrictive fluid treatment reduces morbidity and time of 
hospital stay (13). In another randomized controlled study by 
Holte K et al., 48 patients with knee replacement surgery 
were included in the study. 4250 ml fluid was applied to the 
standard fluid treatment group and 1740 ml fluid was applied 
to the limited fluid treatment group, respectively. At the end 
of the study, it was found that free fluid therapy reduces 
postoperative vomiting and hypercoagulability compared to 
restrictive fluid therapy (15).
In our study, the mean amount of fluid given to patients was 
2677 ml (11.3 ml/kg/h). The amount of fluid given is between 
the restrictive and standard groups in this study. In our study, 
no investigation was made in terms of morbidity and length 
of hospitalization. In our study, no examination was made in 
terms of postoperative complications.
In a randomized controlled study by Noblett et al., 108 
patients undergoing colorectal surgery were examined. 
Patients were divided into targeted fluid therapy (3638 ml) 
and standard fluid therapy (3854 ml) groups. IL-6 levels were 
significantly lower in the targeted fluid treatment group. In a 
study on rats conducted by Klemannet al, it was observed that 
over-crystalloid loading induced an increase in both systemic 
inlammatory response markers  and degradation of collagen.
 In the results of this study, the hypothesis that the inflamma-
tory process would delay wound healing was emphasized.
It has been reported that vasopressor therapy can be started 
early in order to prevent fluid overloading (16,17).

In our study, the mean amount of fluid given intraoperatively 
was found to be statistically higher in patients receiving IV 
vasopressor. As a result, it was thought that patients who 
underwent IV vasopressor may be present in high-risk 
surgery and high-risk patients and therefore may be at risk of 
developing more complications in the operation. Another 
finding that supports this is the high amount of fluid given to 
ASA III patients in the ASA III group when compared to ASA 
II patients. This suggests that vasopressor agents and fluid 
infusion are used together to achieve hemodynamic stability.
In a study conducted by Jacob et al., in healthy adults under-
going elective surgery, it has been shown that preoperative 
long periods of fasting have negative effects on patients' 
cardiopulmonary function and provoke hypovolemia (18). In 
our study, preoperative fasting periods were significantly 
longer (mean fasting time:10.7 hours) when different surgical 
branches were examined. Fasting patients for 9 hours or more 
make up 73% of all patients.
In our study, when the data related to the use of colloid in our 
clinic were examined; In 29.5% of patients, colloid was used. 
No case of colloid fluid replacement over 1000 ml was 
observed.
In a study by Perel et al., dilutional anemia may be considered 
as an important cause of shock (5th shock type) that disrupts 
nutrition at the cell level. It was stated that excessive fluid 
application would cause an increase in blood transfusion 
amount due to dilutional anemia and hemoglobin value 
would be decreased by approximately 1.1 g/dl after replace-
ment of 500 ml fluid (19).
In our study; Intraoperative fluid administration was found to 
be higher in patients who underwent blood and plasma 
replacement during intraoperative period. This may be due to 
dilutional anemia or lack of intravascular volume lost by 
surgical bleeding.
In studies examining the effects of fluids on plasma, it has 
been observed that balanced replacement solutions least 
disrupt the electrolyte balance and positively affect the 
plasma pH value.
Hyperchloremic acidosis due to the physiological applica-
tions of serum manifests itself as a common problem (20,21).
In our study, when the fluid types given in the intraoperative 
period are examined, we see that the most preferred crystal-
loid type is balanced crystalloid solution (isolyte-S) in 74%. 
The use of balanced crystalloid which has the closest plasma 
content is the most commonly preferred type of fluid in our 
clinical practice.
While fluid restriction is the standard practice in thoracic 
surgery, intraoperative fluid volume varies in the general 
surgery. In the study of 141 cases in colorectal surgery, the 
liberal and (2.7 L, largely colloid) restrictive (5.4 L, largely 
saline) fluid regimen were compared (22). In our study, 
postoperative complications were 51% in the liberal group, 
but significantly decreased in the restrictive group and were 
33%. There was no increase in renal complications in restric-
tive group. In an article evaluating the effects of restrictive 
and liberal fluid regimens on postoperative outcome, it was 
emphasized that there is no clear definition for these two 
application protocols in clinical practice. It has been observed 



ABSTRACT
Objective:
Especially in large surgical procedures, it is recommended that the fluid treatment be performed 
according to the needs of the patient in the presence of hemodynamic monitoring during the 
operation. We aimed to review intraoperative fluid treatments and to increase awareness of 
intraoperative fluid management.

Methods:
The patients (393) who underwent general anesthesia were included in the study. According to 
the information of intraoperative fluid applications, the demographic characteristics of the 
patients and the amount and type of fluid that should be given according to the type of operation 
performed were determined.

Results:
In our study, the mean amount of fluid given to patients was found to be 2677.61 ml. The mean 
intraoperative fluid volume was higher in patients who were treated with IV vasopressors than 
in untreated patients (3477.27 ml). When compared with patients with ASA 1-2 group, the 
amount of fluid given to the patients in the ASA-3 group was high (2795 ml). Comparing the 
type of surgery and the amount of fluid given intraoperatively, we observed that the amount of 
intraoperative fluid was significantly higher in the high-risk surgical group (3601.65 ml). We 
can say that we are close to liberal practices as a liquid strategy. The use of balanced crystalloid 
with the closest content to plasma is the most preferred liquid type in our clinical practice.

Conclusion:
Due to the variability of the concepts of liberal and restrictive fluid regimen and the lack of 
standardized targeted clinical and physiological parameters, no specific evidence-based guide-
line or procedure specific fluid treatment could be demonstrated. In our study, we see that fluid 
replacement is performed under standard fluid treatment, which still can be considered liberal. 
We think that it can be useful to use hemodynamic monitoring methods more frequently in 
patients who need them, also in selected patient groups.

Key Words: Fluid, Liberal, Restrictive, Perioperative, Crystalloid, Colloid

ÖZ
Giriş/Amaç:
Büyük cerrahi işlemlerde, hemodinamik monitörizasyon ve hastanın ihtiyacına göre sıvı 
tedavisinin yapılması önerilmektedir. Biz intraoperatif sıvı tedavilerini gözden geçirmeyi ve 
intraoperatif sıvı ilkelerine farkındalığı arttırmayı amaçladık.

Gereç ve Yöntemler:
Genel anestezi uygulanan hastalar (393) çalışmaya dahil 
edildi. İntraoperatif sıvı uygulamaları, hastaların demografik 
özellikleri ve yapılmış olan operasyonun türüne göre 
verilmesi gereken sıvı miktarları ve türü belirlendi. Hasta-
ların mevcut kayıtlarından verilmiş olan sıvı miktarlarına ait 
verilerle karşılaştırılma yapılarak sonuçlar analiz edildi.

Bulgular:
Çalışmamızda hastalara verilen ortalama sıvı miktarı 2677,61 
ml (11,3 ml/kg/saat) olarak bulunmuştur. IV vazopressör 
kullanılan hastalarda intraoperatif verilen ortalama sıvı 
miktarlarının kullanılmayan hastalara göre daha yüksek 
olduğu görüldü (3477,27 ml). ASA-3 grubu hastalar ASA1-2 
grubu hastalarla kıyaslandığında, ASA-3 grubu hastalara 
intraoperatif dönemde verilen sıvı miktarı yüksekti (2795 
ml). Cerrahi tipi ve intraoperatif verilen sıvı miktarları 
karşılaştırıldığında; yüksek riskli cerrahi grubunda intraoper-
atif verilen sıvı miktarının anlamlı olarak daha yüksek 
olduğunu gözlendi (3601,65 ml). Sıvı yönetiminde liberal 
uygulamalara yakın değerlerde olduğumuzu söyleyebiliriz. 
Kristaloid kullanımı klinik pratiğimizde en sık tercih 
ettiğimiz sıvı tipi olarak karşımıza çıkmaktadır.

Sonuç:
Liberal ve restriktif sıvı rejimi kavramlarının değişkenliği, 
hedeflenen klinik ve fizyolojik parametrelerin standart olma-
ması nedeniyle kanıta dayalı kılavuz veya prosedüre özel bir 
sıvı tedavisi ortaya konamamıştır. Yüksek riskli hastalarda 
sıvı yönetimi için tek tip yaklaşım uygun olmayacaktır. Bizim 
çalışmamızda standart sıvı tedavisi uygulamaktayız, 
sonuçlarımız liberal sayılabilir. Hemodinamik monitor-
izasyon yöntemlerine ve hastanın sıvı gereksinimlerine 
dikkat edilerek replasman yapılmasının faydalı olacağını 
düşünmekteyiz.

Anahtar Sözcükler: Sıvı, Liberal, Restriktif, Perioperat-
if, Kristalloid, Kolloid

INTRODUCTION
Fluid treatment is an integral and most important part of 
perioperative treatment. Maintaining intravascular volume 
and maintaining hemodynamic stability play an important 
role on postoperative morbidity and mortality. There is a 
well-known relationship between the volume of fluid admin-
istered to the patient in the perioperative period and postoper-
ative morbidity. If sufficient fluid is not administered to the 
patient, various complications such as acute kidney damage, 
hypotension, heart rhythm disturbances, ischemia, anastomo-
sis leakage may occur due to hypovolemia. If the patient is 
overcharged, various complications such as prolonged 
mechanical ventilation, delayed wound healing or infection 
may occur due to overloading. Therefore, keeping the fluid 
status of the patient in a sensitive balance in the perioperative 
period is critical for postoperative morbidity and mortality.
In order to give sufficient fluid to the patients and to avoid the 
possible negative effects caused by the excess fluid, hemody-
namic monitoring showing fluid response should be 

performed and fluid treatment should be personalized for the 
patient by applying a rational fluid strategy (1-8).
In our study; we aimed to review the perioperative fluid 
applications and increase awareness of the principles of 
intraoperative fluid applications.

METHODS
The aim of our study was to review intraoperative fluid appli-
cations and to increase awareness on the principles of 
intraoperative fluid applications. we aim to evaluate the 
adequacy of our applications in perioperative fluid treatment 
in general anesthesia patients and to share our data with our 
clinic.
This research complies with all the relevant national regula-
tions, institutional policies and in accordance with the tenets 
of the Helsinki Declaration, and has been approved by the 
Akdeniz University Medical Faculty Ethical Committee 
(approval number: 24.02.2016/148). 
 In this prospective-observational study, patients aged 18-65 
years who underwent elective surgery with general anesthesia 
were included in the study. Pediatric and geriatric patients 
undergoing regional anesthesia were excluded from the 
study.
There are no termination criteria for our study because the 
observational evaluation is qualified and it will be performed 
in patients undergoing general anesthesia without changing 
the general anesthesia practices. Intraoperative drugs, blood 
and fluid infusions and blood-fluid losses are recorded in 
anesthesia follow-up forms in all patients who underwent 
anesthesia for surgical intervention. Our study was based on 
the records in these forms. After the operation was complet-
ed, the information in the Anesthesia Follow-up Form of the 
patients was recorded in our study form. There was no 
intervention or contribution to anesthesia method, drug, 
liquid-blood infusions.
When calculating the amount of fluid that patients should 
take during the intraoperative period:
1.  Preoperative fluid deficits were calculated according to  
     preoperative fasting periods and patient characteristics.
2. The amount of intravenous fluid to be given according to     
    the duration of operation in the intraoperative period was  
    calculated.
3. Fluid loss was calculated according to the type of operation          
    (light-medium-heavy) and additional fluid needs were 
    determined.
 With the data obtained from these calculations, the total 
intraoperative need of the patients was determined and 
compared with the total amount of fluid given during the 
operation.
The patients included in the study were divided into 3 classes 
according to the size of the surgical intervention. This is due 
to the increased capillary permeability due to a number of 
mediators released during the surgery in response to surgical 
trauma, depending on the size of the surgical procedure, a 
certain amount of fluid escapes the vessel, ie the interstitial 
space and the third cavities (intestinal lumen, peritoneal 
cavity, pleural space, etc.). This leakage can be up to 6 
ml/kg/h in a low-grade surgery, up to 8 ml/kg/h in a medi-

um-grade surgery and up to 10-20 ml/kg /h in a high-grade 
surgery.
In our study, the parameters that we evaluated during the 
anesthesia, including the fluids we administered during the 
intraoperative period and blood-fluid losses due to surgery 
are listed below:
- Demographic characteristics of patients
- Duration and type of operation
- Intraoperative hemodynamic monitoring 
   (blood pressure, heart rate)
- Is there a preoperative fluid infusion?
- Intraoperative IV fluid treatment and amount
- Losses from perioperative catheters (urine, nasogastric)
- Perioperative blood-fluid (acid fluid) losses
- Additional systemic diseases of patients
- Intravenous vascular access
- Intraoperative vasopressor use

Statistical Evaluation
Descriptive findings are presented in percentages when data 
are counted. In the case of data specified by measurement; the 
data are presented in averages and standard deviations if 
normal distribution is present, and in median and quartiles 
and min-max values if no normal distribution is present.  
Chi-square test was used to compare two or more groups in 
the census data.
In the case of continuous measurement, comparison of two 
independent groups; Student t test (significance test of differ-
ence between two means in independent groups) if it is 
suitable for normal distribution, and Mann Whitney-u test 
which is non-parametric equivalent if it is not suitable for 
normal distribution. The mean of three or more groups were 
compared with Analysis of Variances (ANOVA) and scheffe 
was used as post hoc test.

RESULTS
A total of 393 patients aged 18-65 years who underwent 
elective surgery with general anesthesia were included in the 
study. Demographic characteristics of the patients included in 
the study are shown in Table I and Figure 1.

Table I. Characteristics of the patients in the study

Figure1. Distribution of patients according to surgery

Patients were divided into three groups according to intraop-
erative fluid infusion. 
6 ml/kg/h group (small surgical group), 8 ml/kg/h group 
(middle surgical group) and 10 ml/kg/h group (large surgical 
group) were identified (Table II).

Table II. Surgical intervention and operation time

The mean preoperative fasting time of the patients was 10.73 
± 2.66 hours. There were 287 patients with a fasting period of 
9 hours or more. This is 73% of patients. The number of 
patients receiving IV fluid infusion in the preoperative period 
was 73 patients, this is 18.6% of patients. The fluid infusion 
in patients is summarized in Table III. 

Table III. Fluids given to patients and fasting periods

When the patients who participated in the study were 
compared in terms of the size of the surgical intervention and 
the amount of fluid given, it was found that the amount of 
fluid increased significantly as the size of the surgical 
intervention increased (p <0.05) (Table IV).

Table IV. Surgery and intraoperative fluid volumes

There was no significant difference between the amount of IV 
fluid given between the surgical branches examined in the 
study (p>0.05)(Table V).

Table V. Surgery and intraoperative fluid volumes

When the patients receiving IV vasopressor were examined 
in terms of their relationship with the mean amount of fluid 
administered intraoperatively, it was observed that patients 
receiving IV vasopressor had significantly higher fluid intake 
during the intraoperative period (p <0.05). In the comparison 
of the mean amount of fluid administered in the intraopera-
tive period with the ASA groups, no significant relationship 
was found. In addition, when the groups of patients undergo-
ing emergency and elective surgery were evaluated in terms 
of the mean amount of fluid delivered during the intraopera-
tive period, it was seen that the mean amount of fluid given 
intraoperatively was higher in emergency operations. How-
ever, this relationship was not statistically significant (p> 
0.05). There was no significant difference between the mean 
fluid intake of the patients according to surgical types during 
the intraoperative period. When intraoperative mean blood 
flow and fresh frozen plasma were examined in terms of 
intraoperative mean fluid volume, it was found that the 
amount of fluid given in patients who underwent blood and 
plasma replacement was significantly higher (p <0.05) 
(Table VI).

Table VI. Comparison of intraoperative fluid intake in different    
          groups

According to these results, preoperative IV fluid replacement 
is performed only in 18.6% of the patients (Table VII).

Table VII. Preoperative IV fluid infusion rates according to the        
                   surgery

The amount of fluid to be given to the patients participating 
in the study was calculated based on the 4-2-1 rule. Consider-
ing this calculation, the differences between the amount of 
fluid given to the patients and the amount of fluid to be given 
were examined. Of the 393 patients who participated in the 
study, 28 of them had the amount of fluid given; the amount 
of fluid that the patient should take. Of these 28 patients were 
orthopedic patients who had undergone extremity surgery for 
more than 3 hours, and 23 of them were general surgery, 
urology and gynecology cases who had abdominal surgery. 

The amount of fluid delivered to the patient was greater than 
the amount of fluid required in 28 patients. In the other 365 
patients, the amount of fluid given to the patient was equal to 
or less than the amount of fluid that the patient had to take. In 
the evaluation of this last group of patients, some analyzes 
were performed by measuring the amount of missing fluid. In 
these analyzes, missing fluid measurements of 28 patients in 
the first group were considered to be zero in order not to 
affect the evaluation.
Of the 393 patients who participated in the study, the amount 
of fluid given to the patients was lower than the amount of 
fluid required in 365 patients. The comparison of the amount 
of fluid given to patients with different parameters is shown 
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that standard, restrictive and liberal fluid applications do not 
apply high amounts of liquid which will cause damage. There 
were no significant differences in the patients with postopera-
tive complications (21-24).
Corcoran T and colleagues reported that targeted fluid 
treatment applications were significantly better than liberal 
fluid treatment (25).
According to other fluid treatment methods, individualized 
targeted fluid treatment and zero balance fluid treatment 
applications are more effective in achieving hemodynamic 
balance, increasing tissue perfusion and reducing surgical 
complications; It is reported to provide a reduction in hospital 
stay and maintenance costs (26).
They reported that “zero-balance fluid therapy” (which can 
be considered as one of the restrictive fluid strategies) is 
sufficient in the intraoperative period and that one of the most 
recent approaches, targeted fluid therapy, should be applied 
in all patients (27).
In our study, we concluded that the amount of fluid given to 
the patients during intraoperative fluid treatment was mostly 
missing from the amount of fluid that patients should take. 
We found that the amount of fluid given was not statistically 
significant, but was higher in ASA III group than in ASA I-II 
group. We concluded that the amount of fluid given was 
significantly higher in the 10 ml/ kg/h large surgical group. 
We also observed that in cases of prolonged surgery, we gave 
statistically significantly more incomplete fluid. In conclu-
sion, in parallel with current approaches in our anesthesia 
clinic, we can conclude that in high-risk surgeries and 
high-risk patient groups, we pay more attention to avoiding 
liberal fluid applications with incomplete fluid applications 
in intraoperative period compared to other patient groups. 
However, since the calculation of the amount of fluid 
required by our patients is determined by a calculation 
considered as liberal fluid treatment, we should emphasize 
that the amount of the missing fluid may not be within the 
range that can be considered as restrictive fluid application.
In our study, we determined that the amount of deficient fluid 
given to patients undergoing ENT surgery was higher than 
the other groups. In our anesthesia clinic, we think that 
especially controlled hypotension applications that we 
perform in ENT operations are effective in this result. When  
the deficient fluids according to the operation time was 
analyzed, we found that the amount of intravenous deficient 
fluid was significantly higher in the group of patients with an 
operation time over 3 hours. In conclusion, we think that 
preoperative fluid deficits in the first three hours of operation 
may have an effect on the calculation of the amount of fluid 
that patients should receive.

CONCLUSION
 In our study, due to the variability of the liberal and restric-
tive fluid regimen concepts and the non-standard clinical and 
physiological parameters targeted, no evidence-based guide-
line or procedure-specific fluid treatment could be estab-
lished. Uniform approach for fluid management in high-risk 
patients will not be appropriate.
Especially in large surgical interventions, it is recommended 
that fluid treatment be performed during surgery with hemo-
dynamic monitoring and according to the patient's needs. 
Adequate equipment and the presence of an anesthesiologist 
with sufficient clinical experience is an important factor that 
will increase the individualized targeted fluid treatment. In 
our study, we observed that fluid replacement was performed 
under the calculation we performed according to standard 
fluid treatment, but for our results, which are still at a liberal 
level, it would be beneficial to consider hemodynamic moni-
toring methods more frequently in patients in need, especially 
considering the fluid requirements of the patient in selected 
groups. There is a wide range of studies that can be used more 
safely for the individualized targeted fluid treatment 
approach in large surgical interventions and high-risk patient 
groups. Therefore, there is a need for new scientific studies 
on fluid treatment during the surgical procedure. In this way, 
by making the standard definition of liquid applications, the 
effects and results of these applications will be better under-
stood.
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in Table VIII. 

Table VIII. Examination of the amount of incomplete fluid given 
intraoperatively in different groups

We observed that patients with ASA III were given less liquid 
than ASA I-II patients, but this difference was not statistically 
significant. In the elective surgery group, the amount of 
deficient fluid given was less than the emergency operation 
group. However, this difference was not statistically signifi-
cant. When the amount of fluid given was analyzed in terms 
of operation time, it was seen that less fluid was given in the 
group with operation time of 3 hours or more compared to the 
group with operation time less than 3 hours (p <0.05).
The comparison of the amount of missing fluid given to the 
patients who participated in the study with the type of surgery 
(size of the surgical intervention) is given in Table IX. 

Table IX. Surgery and incomplete fluid given intraoperatively

As a result of the variance analysis, it was found that an 
average of 1855.53 ml of incomplete fluid replacement was 
performed in the 10 ml/kg/h (high-risk surgeries) group. In 
the 10 ml/kg/h group, the amount of deficient fluid was 
significantly higher than the 6 ml/kg/h and 8 ml/kg/h groups 
(p <0.05). No significant difference was found between the 6 
ml/kg/h and 8 ml/kg/h groups.
The comparison of the amount of fluid given to the patients 
according to the branches is shown in Table X. While the 
missing amount was the highest in the ENT group (mean 
2504.31 ml), it was observed that the missing amount (729.94 
ml) in the Gynecology group was the lowest compared to 
other branches.

Table X. Surgery and incomplete fluid given intraoperatively

DISCUSSION
The perioperative fluid therapy is a highly controversial 
issue, data from these studies suggest that targeted fluid 
therapy may reduce postoperative major complications in 
order to achieve hemodynamic stability. The lack of standard 
criteria for perioperative fluid treatment leads to very differ-
ent clinical applications. There are discussions about intraop-
erative fluid management with variable recommendations for 
fluid composition and volume applied.
The hemodynamic monitoring that predicts fluid response 
should be performed and fluid treatment should be personal-
ized for the patient in order to give patients the optimum fluid 
and avoid any possible adverse effects caused by excess fluid.
It is an effective method for maintaining hemodynamic 
stability and providing adequate intravascular volume. Hypo-
volemia as well as excessive fluid overload can have serious 
negative consequences (9,10).
It is still unclear which criteria will be used in the selection of 
fluid therapy. The reason for the lack of a fixed approach is 
that the scientific principles on which liquid application is 
based are constantly changing as a result of current studies 
(11).
There are many studies on fluid treatment that should be 
applied during the operation. Particular emphasis is given to 
standard, restrictive and individualized targeted fluid 
treatment methods. However, there is no widely accepted 
definition for these free and restrictive fluid treatment meth-
ods. In studies comparing free and restrictive fluid therapies, 
differences in pre- and postoperative patient data, complexity, 
amount and type of fluids used, additional fluid or inotropic 
requirement during surgery, and non-standardization of the 
surgical team complicate the interpretation of these results. 
Excessive fluid administration in standard fluid treatment 
may result in an increase in venous pressure and fluid passage 
into the intracellular areas, resulting in pulmonary and 
peripheral edema and consequently reduced systemic and 
local tissue oxygenation. The use of crystalloids especially in 
the treatment of free fluid may cause problems such as weight 
gain, bowel edema, dilution of coagulation factors, anasto-
motic leaks, longer hospital stay, and increased costs. In 
addition, free fluid treatment in outpatient surgical patients 
has been shown to reduce postoperative pain, dizziness, 
nausea and vomiting (8,12).
Restrictive fluid therapy aims to provide the least amount of 
fluid without leaving patients hypovolemic. The aim is to 

keep the amount of fluid that the patient receives and removes 
as much as possible and to avoid weight gain due to fluid 
therapy. Studies have shown that the complications that may 
occur after surgical intervention are reduced with restrictive 
fluid therapy. However, there are reports showing that a 
hypovolemia that may have consequences such as risk of 
cardiac output reduction and multiple organ failure may 
occur (12-14).
In our study, we aimed to review the perioperative fluid appli-
cations and increase awareness of the principles of intraoper-
ative fluid applications.
In a total of 152 patients undergoing elective intraabdominal 
surgery performed by Nisanevich V et al., liberal fluid 
treatment (10 ml/kg bolus after 12 ml/kg/h infusion) and 
restrictive fluid treatment (4 ml/kg/h) were compared. As a 
result, it was found that the length of hospital stay in the 
restrictive group was significantly shorter and postoperative 
weight gain was less in the restrictive group, and there was no 
significant difference in terms of other complications (12).
In our study, ASA (I-II-III) patient groups were compared by 
calculating the amount of fluid they received and the standard 
amount of fluid (fasting, maintenance, surgical fluid require-
ment according to the 4-2-1 rule). Based on the standard fluid 
requirement (liberal approach), it was found that the amount 
of fluid received by the patients was low and the total amount 
of fluid left behind.
In a prospective study of 61 patients who underwent abdomi-
nal surgery by Aguilar-Nascimento JE et al., they compared 
mean postoperative morbidity and length of hospital stay by 
giving 2100 ml of fluid to the restrictive fluid group and 3575 
ml to the free fluid group. In the study, it has been reported 
that restrictive fluid treatment reduces morbidity and time of 
hospital stay (13). In another randomized controlled study by 
Holte K et al., 48 patients with knee replacement surgery 
were included in the study. 4250 ml fluid was applied to the 
standard fluid treatment group and 1740 ml fluid was applied 
to the limited fluid treatment group, respectively. At the end 
of the study, it was found that free fluid therapy reduces 
postoperative vomiting and hypercoagulability compared to 
restrictive fluid therapy (15).
In our study, the mean amount of fluid given to patients was 
2677 ml (11.3 ml/kg/h). The amount of fluid given is between 
the restrictive and standard groups in this study. In our study, 
no investigation was made in terms of morbidity and length 
of hospitalization. In our study, no examination was made in 
terms of postoperative complications.
In a randomized controlled study by Noblett et al., 108 
patients undergoing colorectal surgery were examined. 
Patients were divided into targeted fluid therapy (3638 ml) 
and standard fluid therapy (3854 ml) groups. IL-6 levels were 
significantly lower in the targeted fluid treatment group. In a 
study on rats conducted by Klemannet al, it was observed that 
over-crystalloid loading induced an increase in both systemic 
inlammatory response markers  and degradation of collagen.
 In the results of this study, the hypothesis that the inflamma-
tory process would delay wound healing was emphasized.
It has been reported that vasopressor therapy can be started 
early in order to prevent fluid overloading (16,17).

In our study, the mean amount of fluid given intraoperatively 
was found to be statistically higher in patients receiving IV 
vasopressor. As a result, it was thought that patients who 
underwent IV vasopressor may be present in high-risk 
surgery and high-risk patients and therefore may be at risk of 
developing more complications in the operation. Another 
finding that supports this is the high amount of fluid given to 
ASA III patients in the ASA III group when compared to ASA 
II patients. This suggests that vasopressor agents and fluid 
infusion are used together to achieve hemodynamic stability.
In a study conducted by Jacob et al., in healthy adults under-
going elective surgery, it has been shown that preoperative 
long periods of fasting have negative effects on patients' 
cardiopulmonary function and provoke hypovolemia (18). In 
our study, preoperative fasting periods were significantly 
longer (mean fasting time:10.7 hours) when different surgical 
branches were examined. Fasting patients for 9 hours or more 
make up 73% of all patients.
In our study, when the data related to the use of colloid in our 
clinic were examined; In 29.5% of patients, colloid was used. 
No case of colloid fluid replacement over 1000 ml was 
observed.
In a study by Perel et al., dilutional anemia may be considered 
as an important cause of shock (5th shock type) that disrupts 
nutrition at the cell level. It was stated that excessive fluid 
application would cause an increase in blood transfusion 
amount due to dilutional anemia and hemoglobin value 
would be decreased by approximately 1.1 g/dl after replace-
ment of 500 ml fluid (19).
In our study; Intraoperative fluid administration was found to 
be higher in patients who underwent blood and plasma 
replacement during intraoperative period. This may be due to 
dilutional anemia or lack of intravascular volume lost by 
surgical bleeding.
In studies examining the effects of fluids on plasma, it has 
been observed that balanced replacement solutions least 
disrupt the electrolyte balance and positively affect the 
plasma pH value.
Hyperchloremic acidosis due to the physiological applica-
tions of serum manifests itself as a common problem (20,21).
In our study, when the fluid types given in the intraoperative 
period are examined, we see that the most preferred crystal-
loid type is balanced crystalloid solution (isolyte-S) in 74%. 
The use of balanced crystalloid which has the closest plasma 
content is the most commonly preferred type of fluid in our 
clinical practice.
While fluid restriction is the standard practice in thoracic 
surgery, intraoperative fluid volume varies in the general 
surgery. In the study of 141 cases in colorectal surgery, the 
liberal and (2.7 L, largely colloid) restrictive (5.4 L, largely 
saline) fluid regimen were compared (22). In our study, 
postoperative complications were 51% in the liberal group, 
but significantly decreased in the restrictive group and were 
33%. There was no increase in renal complications in restric-
tive group. In an article evaluating the effects of restrictive 
and liberal fluid regimens on postoperative outcome, it was 
emphasized that there is no clear definition for these two 
application protocols in clinical practice. It has been observed 



ABSTRACT
Objective:
Especially in large surgical procedures, it is recommended that the fluid treatment be performed 
according to the needs of the patient in the presence of hemodynamic monitoring during the 
operation. We aimed to review intraoperative fluid treatments and to increase awareness of 
intraoperative fluid management.

Methods:
The patients (393) who underwent general anesthesia were included in the study. According to 
the information of intraoperative fluid applications, the demographic characteristics of the 
patients and the amount and type of fluid that should be given according to the type of operation 
performed were determined.

Results:
In our study, the mean amount of fluid given to patients was found to be 2677.61 ml. The mean 
intraoperative fluid volume was higher in patients who were treated with IV vasopressors than 
in untreated patients (3477.27 ml). When compared with patients with ASA 1-2 group, the 
amount of fluid given to the patients in the ASA-3 group was high (2795 ml). Comparing the 
type of surgery and the amount of fluid given intraoperatively, we observed that the amount of 
intraoperative fluid was significantly higher in the high-risk surgical group (3601.65 ml). We 
can say that we are close to liberal practices as a liquid strategy. The use of balanced crystalloid 
with the closest content to plasma is the most preferred liquid type in our clinical practice.

Conclusion:
Due to the variability of the concepts of liberal and restrictive fluid regimen and the lack of 
standardized targeted clinical and physiological parameters, no specific evidence-based guide-
line or procedure specific fluid treatment could be demonstrated. In our study, we see that fluid 
replacement is performed under standard fluid treatment, which still can be considered liberal. 
We think that it can be useful to use hemodynamic monitoring methods more frequently in 
patients who need them, also in selected patient groups.

Key Words: Fluid, Liberal, Restrictive, Perioperative, Crystalloid, Colloid

ÖZ
Giriş/Amaç:
Büyük cerrahi işlemlerde, hemodinamik monitörizasyon ve hastanın ihtiyacına göre sıvı 
tedavisinin yapılması önerilmektedir. Biz intraoperatif sıvı tedavilerini gözden geçirmeyi ve 
intraoperatif sıvı ilkelerine farkındalığı arttırmayı amaçladık.

Gereç ve Yöntemler:
Genel anestezi uygulanan hastalar (393) çalışmaya dahil 
edildi. İntraoperatif sıvı uygulamaları, hastaların demografik 
özellikleri ve yapılmış olan operasyonun türüne göre 
verilmesi gereken sıvı miktarları ve türü belirlendi. Hasta-
ların mevcut kayıtlarından verilmiş olan sıvı miktarlarına ait 
verilerle karşılaştırılma yapılarak sonuçlar analiz edildi.

Bulgular:
Çalışmamızda hastalara verilen ortalama sıvı miktarı 2677,61 
ml (11,3 ml/kg/saat) olarak bulunmuştur. IV vazopressör 
kullanılan hastalarda intraoperatif verilen ortalama sıvı 
miktarlarının kullanılmayan hastalara göre daha yüksek 
olduğu görüldü (3477,27 ml). ASA-3 grubu hastalar ASA1-2 
grubu hastalarla kıyaslandığında, ASA-3 grubu hastalara 
intraoperatif dönemde verilen sıvı miktarı yüksekti (2795 
ml). Cerrahi tipi ve intraoperatif verilen sıvı miktarları 
karşılaştırıldığında; yüksek riskli cerrahi grubunda intraoper-
atif verilen sıvı miktarının anlamlı olarak daha yüksek 
olduğunu gözlendi (3601,65 ml). Sıvı yönetiminde liberal 
uygulamalara yakın değerlerde olduğumuzu söyleyebiliriz. 
Kristaloid kullanımı klinik pratiğimizde en sık tercih 
ettiğimiz sıvı tipi olarak karşımıza çıkmaktadır.

Sonuç:
Liberal ve restriktif sıvı rejimi kavramlarının değişkenliği, 
hedeflenen klinik ve fizyolojik parametrelerin standart olma-
ması nedeniyle kanıta dayalı kılavuz veya prosedüre özel bir 
sıvı tedavisi ortaya konamamıştır. Yüksek riskli hastalarda 
sıvı yönetimi için tek tip yaklaşım uygun olmayacaktır. Bizim 
çalışmamızda standart sıvı tedavisi uygulamaktayız, 
sonuçlarımız liberal sayılabilir. Hemodinamik monitor-
izasyon yöntemlerine ve hastanın sıvı gereksinimlerine 
dikkat edilerek replasman yapılmasının faydalı olacağını 
düşünmekteyiz.

Anahtar Sözcükler: Sıvı, Liberal, Restriktif, Perioperat-
if, Kristalloid, Kolloid

INTRODUCTION
Fluid treatment is an integral and most important part of 
perioperative treatment. Maintaining intravascular volume 
and maintaining hemodynamic stability play an important 
role on postoperative morbidity and mortality. There is a 
well-known relationship between the volume of fluid admin-
istered to the patient in the perioperative period and postoper-
ative morbidity. If sufficient fluid is not administered to the 
patient, various complications such as acute kidney damage, 
hypotension, heart rhythm disturbances, ischemia, anastomo-
sis leakage may occur due to hypovolemia. If the patient is 
overcharged, various complications such as prolonged 
mechanical ventilation, delayed wound healing or infection 
may occur due to overloading. Therefore, keeping the fluid 
status of the patient in a sensitive balance in the perioperative 
period is critical for postoperative morbidity and mortality.
In order to give sufficient fluid to the patients and to avoid the 
possible negative effects caused by the excess fluid, hemody-
namic monitoring showing fluid response should be 

performed and fluid treatment should be personalized for the 
patient by applying a rational fluid strategy (1-8).
In our study; we aimed to review the perioperative fluid 
applications and increase awareness of the principles of 
intraoperative fluid applications.

METHODS
The aim of our study was to review intraoperative fluid appli-
cations and to increase awareness on the principles of 
intraoperative fluid applications. we aim to evaluate the 
adequacy of our applications in perioperative fluid treatment 
in general anesthesia patients and to share our data with our 
clinic.
This research complies with all the relevant national regula-
tions, institutional policies and in accordance with the tenets 
of the Helsinki Declaration, and has been approved by the 
Akdeniz University Medical Faculty Ethical Committee 
(approval number: 24.02.2016/148). 
 In this prospective-observational study, patients aged 18-65 
years who underwent elective surgery with general anesthesia 
were included in the study. Pediatric and geriatric patients 
undergoing regional anesthesia were excluded from the 
study.
There are no termination criteria for our study because the 
observational evaluation is qualified and it will be performed 
in patients undergoing general anesthesia without changing 
the general anesthesia practices. Intraoperative drugs, blood 
and fluid infusions and blood-fluid losses are recorded in 
anesthesia follow-up forms in all patients who underwent 
anesthesia for surgical intervention. Our study was based on 
the records in these forms. After the operation was complet-
ed, the information in the Anesthesia Follow-up Form of the 
patients was recorded in our study form. There was no 
intervention or contribution to anesthesia method, drug, 
liquid-blood infusions.
When calculating the amount of fluid that patients should 
take during the intraoperative period:
1.  Preoperative fluid deficits were calculated according to  
     preoperative fasting periods and patient characteristics.
2. The amount of intravenous fluid to be given according to     
    the duration of operation in the intraoperative period was  
    calculated.
3. Fluid loss was calculated according to the type of operation          
    (light-medium-heavy) and additional fluid needs were 
    determined.
 With the data obtained from these calculations, the total 
intraoperative need of the patients was determined and 
compared with the total amount of fluid given during the 
operation.
The patients included in the study were divided into 3 classes 
according to the size of the surgical intervention. This is due 
to the increased capillary permeability due to a number of 
mediators released during the surgery in response to surgical 
trauma, depending on the size of the surgical procedure, a 
certain amount of fluid escapes the vessel, ie the interstitial 
space and the third cavities (intestinal lumen, peritoneal 
cavity, pleural space, etc.). This leakage can be up to 6 
ml/kg/h in a low-grade surgery, up to 8 ml/kg/h in a medi-

um-grade surgery and up to 10-20 ml/kg /h in a high-grade 
surgery.
In our study, the parameters that we evaluated during the 
anesthesia, including the fluids we administered during the 
intraoperative period and blood-fluid losses due to surgery 
are listed below:
- Demographic characteristics of patients
- Duration and type of operation
- Intraoperative hemodynamic monitoring 
   (blood pressure, heart rate)
- Is there a preoperative fluid infusion?
- Intraoperative IV fluid treatment and amount
- Losses from perioperative catheters (urine, nasogastric)
- Perioperative blood-fluid (acid fluid) losses
- Additional systemic diseases of patients
- Intravenous vascular access
- Intraoperative vasopressor use

Statistical Evaluation
Descriptive findings are presented in percentages when data 
are counted. In the case of data specified by measurement; the 
data are presented in averages and standard deviations if 
normal distribution is present, and in median and quartiles 
and min-max values if no normal distribution is present.  
Chi-square test was used to compare two or more groups in 
the census data.
In the case of continuous measurement, comparison of two 
independent groups; Student t test (significance test of differ-
ence between two means in independent groups) if it is 
suitable for normal distribution, and Mann Whitney-u test 
which is non-parametric equivalent if it is not suitable for 
normal distribution. The mean of three or more groups were 
compared with Analysis of Variances (ANOVA) and scheffe 
was used as post hoc test.

RESULTS
A total of 393 patients aged 18-65 years who underwent 
elective surgery with general anesthesia were included in the 
study. Demographic characteristics of the patients included in 
the study are shown in Table I and Figure 1.

Table I. Characteristics of the patients in the study

Figure1. Distribution of patients according to surgery

Patients were divided into three groups according to intraop-
erative fluid infusion. 
6 ml/kg/h group (small surgical group), 8 ml/kg/h group 
(middle surgical group) and 10 ml/kg/h group (large surgical 
group) were identified (Table II).

Table II. Surgical intervention and operation time

The mean preoperative fasting time of the patients was 10.73 
± 2.66 hours. There were 287 patients with a fasting period of 
9 hours or more. This is 73% of patients. The number of 
patients receiving IV fluid infusion in the preoperative period 
was 73 patients, this is 18.6% of patients. The fluid infusion 
in patients is summarized in Table III. 

Table III. Fluids given to patients and fasting periods

When the patients who participated in the study were 
compared in terms of the size of the surgical intervention and 
the amount of fluid given, it was found that the amount of 
fluid increased significantly as the size of the surgical 
intervention increased (p <0.05) (Table IV).

Table IV. Surgery and intraoperative fluid volumes

There was no significant difference between the amount of IV 
fluid given between the surgical branches examined in the 
study (p>0.05)(Table V).

Table V. Surgery and intraoperative fluid volumes

When the patients receiving IV vasopressor were examined 
in terms of their relationship with the mean amount of fluid 
administered intraoperatively, it was observed that patients 
receiving IV vasopressor had significantly higher fluid intake 
during the intraoperative period (p <0.05). In the comparison 
of the mean amount of fluid administered in the intraopera-
tive period with the ASA groups, no significant relationship 
was found. In addition, when the groups of patients undergo-
ing emergency and elective surgery were evaluated in terms 
of the mean amount of fluid delivered during the intraopera-
tive period, it was seen that the mean amount of fluid given 
intraoperatively was higher in emergency operations. How-
ever, this relationship was not statistically significant (p> 
0.05). There was no significant difference between the mean 
fluid intake of the patients according to surgical types during 
the intraoperative period. When intraoperative mean blood 
flow and fresh frozen plasma were examined in terms of 
intraoperative mean fluid volume, it was found that the 
amount of fluid given in patients who underwent blood and 
plasma replacement was significantly higher (p <0.05) 
(Table VI).

Table VI. Comparison of intraoperative fluid intake in different    
          groups

According to these results, preoperative IV fluid replacement 
is performed only in 18.6% of the patients (Table VII).

Table VII. Preoperative IV fluid infusion rates according to the        
                   surgery

The amount of fluid to be given to the patients participating 
in the study was calculated based on the 4-2-1 rule. Consider-
ing this calculation, the differences between the amount of 
fluid given to the patients and the amount of fluid to be given 
were examined. Of the 393 patients who participated in the 
study, 28 of them had the amount of fluid given; the amount 
of fluid that the patient should take. Of these 28 patients were 
orthopedic patients who had undergone extremity surgery for 
more than 3 hours, and 23 of them were general surgery, 
urology and gynecology cases who had abdominal surgery. 

The amount of fluid delivered to the patient was greater than 
the amount of fluid required in 28 patients. In the other 365 
patients, the amount of fluid given to the patient was equal to 
or less than the amount of fluid that the patient had to take. In 
the evaluation of this last group of patients, some analyzes 
were performed by measuring the amount of missing fluid. In 
these analyzes, missing fluid measurements of 28 patients in 
the first group were considered to be zero in order not to 
affect the evaluation.
Of the 393 patients who participated in the study, the amount 
of fluid given to the patients was lower than the amount of 
fluid required in 365 patients. The comparison of the amount 
of fluid given to patients with different parameters is shown 

that standard, restrictive and liberal fluid applications do not 
apply high amounts of liquid which will cause damage. There 
were no significant differences in the patients with postopera-
tive complications (21-24).
Corcoran T and colleagues reported that targeted fluid 
treatment applications were significantly better than liberal 
fluid treatment (25).
According to other fluid treatment methods, individualized 
targeted fluid treatment and zero balance fluid treatment 
applications are more effective in achieving hemodynamic 
balance, increasing tissue perfusion and reducing surgical 
complications; It is reported to provide a reduction in hospital 
stay and maintenance costs (26).
They reported that “zero-balance fluid therapy” (which can 
be considered as one of the restrictive fluid strategies) is 
sufficient in the intraoperative period and that one of the most 
recent approaches, targeted fluid therapy, should be applied 
in all patients (27).
In our study, we concluded that the amount of fluid given to 
the patients during intraoperative fluid treatment was mostly 
missing from the amount of fluid that patients should take. 
We found that the amount of fluid given was not statistically 
significant, but was higher in ASA III group than in ASA I-II 
group. We concluded that the amount of fluid given was 
significantly higher in the 10 ml/ kg/h large surgical group. 
We also observed that in cases of prolonged surgery, we gave 
statistically significantly more incomplete fluid. In conclu-
sion, in parallel with current approaches in our anesthesia 
clinic, we can conclude that in high-risk surgeries and 
high-risk patient groups, we pay more attention to avoiding 
liberal fluid applications with incomplete fluid applications 
in intraoperative period compared to other patient groups. 
However, since the calculation of the amount of fluid 
required by our patients is determined by a calculation 
considered as liberal fluid treatment, we should emphasize 
that the amount of the missing fluid may not be within the 
range that can be considered as restrictive fluid application.
In our study, we determined that the amount of deficient fluid 
given to patients undergoing ENT surgery was higher than 
the other groups. In our anesthesia clinic, we think that 
especially controlled hypotension applications that we 
perform in ENT operations are effective in this result. When  
the deficient fluids according to the operation time was 
analyzed, we found that the amount of intravenous deficient 
fluid was significantly higher in the group of patients with an 
operation time over 3 hours. In conclusion, we think that 
preoperative fluid deficits in the first three hours of operation 
may have an effect on the calculation of the amount of fluid 
that patients should receive.

CONCLUSION
 In our study, due to the variability of the liberal and restric-
tive fluid regimen concepts and the non-standard clinical and 
physiological parameters targeted, no evidence-based guide-
line or procedure-specific fluid treatment could be estab-
lished. Uniform approach for fluid management in high-risk 
patients will not be appropriate.
Especially in large surgical interventions, it is recommended 
that fluid treatment be performed during surgery with hemo-
dynamic monitoring and according to the patient's needs. 
Adequate equipment and the presence of an anesthesiologist 
with sufficient clinical experience is an important factor that 
will increase the individualized targeted fluid treatment. In 
our study, we observed that fluid replacement was performed 
under the calculation we performed according to standard 
fluid treatment, but for our results, which are still at a liberal 
level, it would be beneficial to consider hemodynamic moni-
toring methods more frequently in patients in need, especially 
considering the fluid requirements of the patient in selected 
groups. There is a wide range of studies that can be used more 
safely for the individualized targeted fluid treatment 
approach in large surgical interventions and high-risk patient 
groups. Therefore, there is a need for new scientific studies 
on fluid treatment during the surgical procedure. In this way, 
by making the standard definition of liquid applications, the 
effects and results of these applications will be better under-
stood.
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in Table VIII. 

Table VIII. Examination of the amount of incomplete fluid given 
intraoperatively in different groups

We observed that patients with ASA III were given less liquid 
than ASA I-II patients, but this difference was not statistically 
significant. In the elective surgery group, the amount of 
deficient fluid given was less than the emergency operation 
group. However, this difference was not statistically signifi-
cant. When the amount of fluid given was analyzed in terms 
of operation time, it was seen that less fluid was given in the 
group with operation time of 3 hours or more compared to the 
group with operation time less than 3 hours (p <0.05).
The comparison of the amount of missing fluid given to the 
patients who participated in the study with the type of surgery 
(size of the surgical intervention) is given in Table IX. 

Table IX. Surgery and incomplete fluid given intraoperatively

As a result of the variance analysis, it was found that an 
average of 1855.53 ml of incomplete fluid replacement was 
performed in the 10 ml/kg/h (high-risk surgeries) group. In 
the 10 ml/kg/h group, the amount of deficient fluid was 
significantly higher than the 6 ml/kg/h and 8 ml/kg/h groups 
(p <0.05). No significant difference was found between the 6 
ml/kg/h and 8 ml/kg/h groups.
The comparison of the amount of fluid given to the patients 
according to the branches is shown in Table X. While the 
missing amount was the highest in the ENT group (mean 
2504.31 ml), it was observed that the missing amount (729.94 
ml) in the Gynecology group was the lowest compared to 
other branches.

Table X. Surgery and incomplete fluid given intraoperatively

DISCUSSION
The perioperative fluid therapy is a highly controversial 
issue, data from these studies suggest that targeted fluid 
therapy may reduce postoperative major complications in 
order to achieve hemodynamic stability. The lack of standard 
criteria for perioperative fluid treatment leads to very differ-
ent clinical applications. There are discussions about intraop-
erative fluid management with variable recommendations for 
fluid composition and volume applied.
The hemodynamic monitoring that predicts fluid response 
should be performed and fluid treatment should be personal-
ized for the patient in order to give patients the optimum fluid 
and avoid any possible adverse effects caused by excess fluid.
It is an effective method for maintaining hemodynamic 
stability and providing adequate intravascular volume. Hypo-
volemia as well as excessive fluid overload can have serious 
negative consequences (9,10).
It is still unclear which criteria will be used in the selection of 
fluid therapy. The reason for the lack of a fixed approach is 
that the scientific principles on which liquid application is 
based are constantly changing as a result of current studies 
(11).
There are many studies on fluid treatment that should be 
applied during the operation. Particular emphasis is given to 
standard, restrictive and individualized targeted fluid 
treatment methods. However, there is no widely accepted 
definition for these free and restrictive fluid treatment meth-
ods. In studies comparing free and restrictive fluid therapies, 
differences in pre- and postoperative patient data, complexity, 
amount and type of fluids used, additional fluid or inotropic 
requirement during surgery, and non-standardization of the 
surgical team complicate the interpretation of these results. 
Excessive fluid administration in standard fluid treatment 
may result in an increase in venous pressure and fluid passage 
into the intracellular areas, resulting in pulmonary and 
peripheral edema and consequently reduced systemic and 
local tissue oxygenation. The use of crystalloids especially in 
the treatment of free fluid may cause problems such as weight 
gain, bowel edema, dilution of coagulation factors, anasto-
motic leaks, longer hospital stay, and increased costs. In 
addition, free fluid treatment in outpatient surgical patients 
has been shown to reduce postoperative pain, dizziness, 
nausea and vomiting (8,12).
Restrictive fluid therapy aims to provide the least amount of 
fluid without leaving patients hypovolemic. The aim is to 

keep the amount of fluid that the patient receives and removes 
as much as possible and to avoid weight gain due to fluid 
therapy. Studies have shown that the complications that may 
occur after surgical intervention are reduced with restrictive 
fluid therapy. However, there are reports showing that a 
hypovolemia that may have consequences such as risk of 
cardiac output reduction and multiple organ failure may 
occur (12-14).
In our study, we aimed to review the perioperative fluid appli-
cations and increase awareness of the principles of intraoper-
ative fluid applications.
In a total of 152 patients undergoing elective intraabdominal 
surgery performed by Nisanevich V et al., liberal fluid 
treatment (10 ml/kg bolus after 12 ml/kg/h infusion) and 
restrictive fluid treatment (4 ml/kg/h) were compared. As a 
result, it was found that the length of hospital stay in the 
restrictive group was significantly shorter and postoperative 
weight gain was less in the restrictive group, and there was no 
significant difference in terms of other complications (12).
In our study, ASA (I-II-III) patient groups were compared by 
calculating the amount of fluid they received and the standard 
amount of fluid (fasting, maintenance, surgical fluid require-
ment according to the 4-2-1 rule). Based on the standard fluid 
requirement (liberal approach), it was found that the amount 
of fluid received by the patients was low and the total amount 
of fluid left behind.
In a prospective study of 61 patients who underwent abdomi-
nal surgery by Aguilar-Nascimento JE et al., they compared 
mean postoperative morbidity and length of hospital stay by 
giving 2100 ml of fluid to the restrictive fluid group and 3575 
ml to the free fluid group. In the study, it has been reported 
that restrictive fluid treatment reduces morbidity and time of 
hospital stay (13). In another randomized controlled study by 
Holte K et al., 48 patients with knee replacement surgery 
were included in the study. 4250 ml fluid was applied to the 
standard fluid treatment group and 1740 ml fluid was applied 
to the limited fluid treatment group, respectively. At the end 
of the study, it was found that free fluid therapy reduces 
postoperative vomiting and hypercoagulability compared to 
restrictive fluid therapy (15).
In our study, the mean amount of fluid given to patients was 
2677 ml (11.3 ml/kg/h). The amount of fluid given is between 
the restrictive and standard groups in this study. In our study, 
no investigation was made in terms of morbidity and length 
of hospitalization. In our study, no examination was made in 
terms of postoperative complications.
In a randomized controlled study by Noblett et al., 108 
patients undergoing colorectal surgery were examined. 
Patients were divided into targeted fluid therapy (3638 ml) 
and standard fluid therapy (3854 ml) groups. IL-6 levels were 
significantly lower in the targeted fluid treatment group. In a 
study on rats conducted by Klemannet al, it was observed that 
over-crystalloid loading induced an increase in both systemic 
inlammatory response markers  and degradation of collagen.
 In the results of this study, the hypothesis that the inflamma-
tory process would delay wound healing was emphasized.
It has been reported that vasopressor therapy can be started 
early in order to prevent fluid overloading (16,17).

In our study, the mean amount of fluid given intraoperatively 
was found to be statistically higher in patients receiving IV 
vasopressor. As a result, it was thought that patients who 
underwent IV vasopressor may be present in high-risk 
surgery and high-risk patients and therefore may be at risk of 
developing more complications in the operation. Another 
finding that supports this is the high amount of fluid given to 
ASA III patients in the ASA III group when compared to ASA 
II patients. This suggests that vasopressor agents and fluid 
infusion are used together to achieve hemodynamic stability.
In a study conducted by Jacob et al., in healthy adults under-
going elective surgery, it has been shown that preoperative 
long periods of fasting have negative effects on patients' 
cardiopulmonary function and provoke hypovolemia (18). In 
our study, preoperative fasting periods were significantly 
longer (mean fasting time:10.7 hours) when different surgical 
branches were examined. Fasting patients for 9 hours or more 
make up 73% of all patients.
In our study, when the data related to the use of colloid in our 
clinic were examined; In 29.5% of patients, colloid was used. 
No case of colloid fluid replacement over 1000 ml was 
observed.
In a study by Perel et al., dilutional anemia may be considered 
as an important cause of shock (5th shock type) that disrupts 
nutrition at the cell level. It was stated that excessive fluid 
application would cause an increase in blood transfusion 
amount due to dilutional anemia and hemoglobin value 
would be decreased by approximately 1.1 g/dl after replace-
ment of 500 ml fluid (19).
In our study; Intraoperative fluid administration was found to 
be higher in patients who underwent blood and plasma 
replacement during intraoperative period. This may be due to 
dilutional anemia or lack of intravascular volume lost by 
surgical bleeding.
In studies examining the effects of fluids on plasma, it has 
been observed that balanced replacement solutions least 
disrupt the electrolyte balance and positively affect the 
plasma pH value.
Hyperchloremic acidosis due to the physiological applica-
tions of serum manifests itself as a common problem (20,21).
In our study, when the fluid types given in the intraoperative 
period are examined, we see that the most preferred crystal-
loid type is balanced crystalloid solution (isolyte-S) in 74%. 
The use of balanced crystalloid which has the closest plasma 
content is the most commonly preferred type of fluid in our 
clinical practice.
While fluid restriction is the standard practice in thoracic 
surgery, intraoperative fluid volume varies in the general 
surgery. In the study of 141 cases in colorectal surgery, the 
liberal and (2.7 L, largely colloid) restrictive (5.4 L, largely 
saline) fluid regimen were compared (22). In our study, 
postoperative complications were 51% in the liberal group, 
but significantly decreased in the restrictive group and were 
33%. There was no increase in renal complications in restric-
tive group. In an article evaluating the effects of restrictive 
and liberal fluid regimens on postoperative outcome, it was 
emphasized that there is no clear definition for these two 
application protocols in clinical practice. It has been observed 
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ABSTRACT
Objective:
Especially in large surgical procedures, it is recommended that the fluid treatment be performed 
according to the needs of the patient in the presence of hemodynamic monitoring during the 
operation. We aimed to review intraoperative fluid treatments and to increase awareness of 
intraoperative fluid management.

Methods:
The patients (393) who underwent general anesthesia were included in the study. According to 
the information of intraoperative fluid applications, the demographic characteristics of the 
patients and the amount and type of fluid that should be given according to the type of operation 
performed were determined.

Results:
In our study, the mean amount of fluid given to patients was found to be 2677.61 ml. The mean 
intraoperative fluid volume was higher in patients who were treated with IV vasopressors than 
in untreated patients (3477.27 ml). When compared with patients with ASA 1-2 group, the 
amount of fluid given to the patients in the ASA-3 group was high (2795 ml). Comparing the 
type of surgery and the amount of fluid given intraoperatively, we observed that the amount of 
intraoperative fluid was significantly higher in the high-risk surgical group (3601.65 ml). We 
can say that we are close to liberal practices as a liquid strategy. The use of balanced crystalloid 
with the closest content to plasma is the most preferred liquid type in our clinical practice.

Conclusion:
Due to the variability of the concepts of liberal and restrictive fluid regimen and the lack of 
standardized targeted clinical and physiological parameters, no specific evidence-based guide-
line or procedure specific fluid treatment could be demonstrated. In our study, we see that fluid 
replacement is performed under standard fluid treatment, which still can be considered liberal. 
We think that it can be useful to use hemodynamic monitoring methods more frequently in 
patients who need them, also in selected patient groups.

Key Words: Fluid, Liberal, Restrictive, Perioperative, Crystalloid, Colloid

ÖZ
Giriş/Amaç:
Büyük cerrahi işlemlerde, hemodinamik monitörizasyon ve hastanın ihtiyacına göre sıvı 
tedavisinin yapılması önerilmektedir. Biz intraoperatif sıvı tedavilerini gözden geçirmeyi ve 
intraoperatif sıvı ilkelerine farkındalığı arttırmayı amaçladık.

Gereç ve Yöntemler:
Genel anestezi uygulanan hastalar (393) çalışmaya dahil 
edildi. İntraoperatif sıvı uygulamaları, hastaların demografik 
özellikleri ve yapılmış olan operasyonun türüne göre 
verilmesi gereken sıvı miktarları ve türü belirlendi. Hasta-
ların mevcut kayıtlarından verilmiş olan sıvı miktarlarına ait 
verilerle karşılaştırılma yapılarak sonuçlar analiz edildi.

Bulgular:
Çalışmamızda hastalara verilen ortalama sıvı miktarı 2677,61 
ml (11,3 ml/kg/saat) olarak bulunmuştur. IV vazopressör 
kullanılan hastalarda intraoperatif verilen ortalama sıvı 
miktarlarının kullanılmayan hastalara göre daha yüksek 
olduğu görüldü (3477,27 ml). ASA-3 grubu hastalar ASA1-2 
grubu hastalarla kıyaslandığında, ASA-3 grubu hastalara 
intraoperatif dönemde verilen sıvı miktarı yüksekti (2795 
ml). Cerrahi tipi ve intraoperatif verilen sıvı miktarları 
karşılaştırıldığında; yüksek riskli cerrahi grubunda intraoper-
atif verilen sıvı miktarının anlamlı olarak daha yüksek 
olduğunu gözlendi (3601,65 ml). Sıvı yönetiminde liberal 
uygulamalara yakın değerlerde olduğumuzu söyleyebiliriz. 
Kristaloid kullanımı klinik pratiğimizde en sık tercih 
ettiğimiz sıvı tipi olarak karşımıza çıkmaktadır.

Sonuç:
Liberal ve restriktif sıvı rejimi kavramlarının değişkenliği, 
hedeflenen klinik ve fizyolojik parametrelerin standart olma-
ması nedeniyle kanıta dayalı kılavuz veya prosedüre özel bir 
sıvı tedavisi ortaya konamamıştır. Yüksek riskli hastalarda 
sıvı yönetimi için tek tip yaklaşım uygun olmayacaktır. Bizim 
çalışmamızda standart sıvı tedavisi uygulamaktayız, 
sonuçlarımız liberal sayılabilir. Hemodinamik monitor-
izasyon yöntemlerine ve hastanın sıvı gereksinimlerine 
dikkat edilerek replasman yapılmasının faydalı olacağını 
düşünmekteyiz.

Anahtar Sözcükler: Sıvı, Liberal, Restriktif, Perioperat-
if, Kristalloid, Kolloid

INTRODUCTION
Fluid treatment is an integral and most important part of 
perioperative treatment. Maintaining intravascular volume 
and maintaining hemodynamic stability play an important 
role on postoperative morbidity and mortality. There is a 
well-known relationship between the volume of fluid admin-
istered to the patient in the perioperative period and postoper-
ative morbidity. If sufficient fluid is not administered to the 
patient, various complications such as acute kidney damage, 
hypotension, heart rhythm disturbances, ischemia, anastomo-
sis leakage may occur due to hypovolemia. If the patient is 
overcharged, various complications such as prolonged 
mechanical ventilation, delayed wound healing or infection 
may occur due to overloading. Therefore, keeping the fluid 
status of the patient in a sensitive balance in the perioperative 
period is critical for postoperative morbidity and mortality.
In order to give sufficient fluid to the patients and to avoid the 
possible negative effects caused by the excess fluid, hemody-
namic monitoring showing fluid response should be 

performed and fluid treatment should be personalized for the 
patient by applying a rational fluid strategy (1-8).
In our study; we aimed to review the perioperative fluid 
applications and increase awareness of the principles of 
intraoperative fluid applications.

METHODS
The aim of our study was to review intraoperative fluid appli-
cations and to increase awareness on the principles of 
intraoperative fluid applications. we aim to evaluate the 
adequacy of our applications in perioperative fluid treatment 
in general anesthesia patients and to share our data with our 
clinic.
This research complies with all the relevant national regula-
tions, institutional policies and in accordance with the tenets 
of the Helsinki Declaration, and has been approved by the 
Akdeniz University Medical Faculty Ethical Committee 
(approval number: 24.02.2016/148). 
 In this prospective-observational study, patients aged 18-65 
years who underwent elective surgery with general anesthesia 
were included in the study. Pediatric and geriatric patients 
undergoing regional anesthesia were excluded from the 
study.
There are no termination criteria for our study because the 
observational evaluation is qualified and it will be performed 
in patients undergoing general anesthesia without changing 
the general anesthesia practices. Intraoperative drugs, blood 
and fluid infusions and blood-fluid losses are recorded in 
anesthesia follow-up forms in all patients who underwent 
anesthesia for surgical intervention. Our study was based on 
the records in these forms. After the operation was complet-
ed, the information in the Anesthesia Follow-up Form of the 
patients was recorded in our study form. There was no 
intervention or contribution to anesthesia method, drug, 
liquid-blood infusions.
When calculating the amount of fluid that patients should 
take during the intraoperative period:
1.  Preoperative fluid deficits were calculated according to  
     preoperative fasting periods and patient characteristics.
2. The amount of intravenous fluid to be given according to     
    the duration of operation in the intraoperative period was  
    calculated.
3. Fluid loss was calculated according to the type of operation          
    (light-medium-heavy) and additional fluid needs were 
    determined.
 With the data obtained from these calculations, the total 
intraoperative need of the patients was determined and 
compared with the total amount of fluid given during the 
operation.
The patients included in the study were divided into 3 classes 
according to the size of the surgical intervention. This is due 
to the increased capillary permeability due to a number of 
mediators released during the surgery in response to surgical 
trauma, depending on the size of the surgical procedure, a 
certain amount of fluid escapes the vessel, ie the interstitial 
space and the third cavities (intestinal lumen, peritoneal 
cavity, pleural space, etc.). This leakage can be up to 6 
ml/kg/h in a low-grade surgery, up to 8 ml/kg/h in a medi-

um-grade surgery and up to 10-20 ml/kg /h in a high-grade 
surgery.
In our study, the parameters that we evaluated during the 
anesthesia, including the fluids we administered during the 
intraoperative period and blood-fluid losses due to surgery 
are listed below:
- Demographic characteristics of patients
- Duration and type of operation
- Intraoperative hemodynamic monitoring 
   (blood pressure, heart rate)
- Is there a preoperative fluid infusion?
- Intraoperative IV fluid treatment and amount
- Losses from perioperative catheters (urine, nasogastric)
- Perioperative blood-fluid (acid fluid) losses
- Additional systemic diseases of patients
- Intravenous vascular access
- Intraoperative vasopressor use

Statistical Evaluation
Descriptive findings are presented in percentages when data 
are counted. In the case of data specified by measurement; the 
data are presented in averages and standard deviations if 
normal distribution is present, and in median and quartiles 
and min-max values if no normal distribution is present.  
Chi-square test was used to compare two or more groups in 
the census data.
In the case of continuous measurement, comparison of two 
independent groups; Student t test (significance test of differ-
ence between two means in independent groups) if it is 
suitable for normal distribution, and Mann Whitney-u test 
which is non-parametric equivalent if it is not suitable for 
normal distribution. The mean of three or more groups were 
compared with Analysis of Variances (ANOVA) and scheffe 
was used as post hoc test.

RESULTS
A total of 393 patients aged 18-65 years who underwent 
elective surgery with general anesthesia were included in the 
study. Demographic characteristics of the patients included in 
the study are shown in Table I and Figure 1.

Table I. Characteristics of the patients in the study

Figure1. Distribution of patients according to surgery

Patients were divided into three groups according to intraop-
erative fluid infusion. 
6 ml/kg/h group (small surgical group), 8 ml/kg/h group 
(middle surgical group) and 10 ml/kg/h group (large surgical 
group) were identified (Table II).

Table II. Surgical intervention and operation time

The mean preoperative fasting time of the patients was 10.73 
± 2.66 hours. There were 287 patients with a fasting period of 
9 hours or more. This is 73% of patients. The number of 
patients receiving IV fluid infusion in the preoperative period 
was 73 patients, this is 18.6% of patients. The fluid infusion 
in patients is summarized in Table III. 

Table III. Fluids given to patients and fasting periods

When the patients who participated in the study were 
compared in terms of the size of the surgical intervention and 
the amount of fluid given, it was found that the amount of 
fluid increased significantly as the size of the surgical 
intervention increased (p <0.05) (Table IV).

Table IV. Surgery and intraoperative fluid volumes

There was no significant difference between the amount of IV 
fluid given between the surgical branches examined in the 
study (p>0.05)(Table V).

Table V. Surgery and intraoperative fluid volumes

When the patients receiving IV vasopressor were examined 
in terms of their relationship with the mean amount of fluid 
administered intraoperatively, it was observed that patients 
receiving IV vasopressor had significantly higher fluid intake 
during the intraoperative period (p <0.05). In the comparison 
of the mean amount of fluid administered in the intraopera-
tive period with the ASA groups, no significant relationship 
was found. In addition, when the groups of patients undergo-
ing emergency and elective surgery were evaluated in terms 
of the mean amount of fluid delivered during the intraopera-
tive period, it was seen that the mean amount of fluid given 
intraoperatively was higher in emergency operations. How-
ever, this relationship was not statistically significant (p> 
0.05). There was no significant difference between the mean 
fluid intake of the patients according to surgical types during 
the intraoperative period. When intraoperative mean blood 
flow and fresh frozen plasma were examined in terms of 
intraoperative mean fluid volume, it was found that the 
amount of fluid given in patients who underwent blood and 
plasma replacement was significantly higher (p <0.05) 
(Table VI).

Table VI. Comparison of intraoperative fluid intake in different    
          groups

According to these results, preoperative IV fluid replacement 
is performed only in 18.6% of the patients (Table VII).

Table VII. Preoperative IV fluid infusion rates according to the        
                   surgery

The amount of fluid to be given to the patients participating 
in the study was calculated based on the 4-2-1 rule. Consider-
ing this calculation, the differences between the amount of 
fluid given to the patients and the amount of fluid to be given 
were examined. Of the 393 patients who participated in the 
study, 28 of them had the amount of fluid given; the amount 
of fluid that the patient should take. Of these 28 patients were 
orthopedic patients who had undergone extremity surgery for 
more than 3 hours, and 23 of them were general surgery, 
urology and gynecology cases who had abdominal surgery. 

The amount of fluid delivered to the patient was greater than 
the amount of fluid required in 28 patients. In the other 365 
patients, the amount of fluid given to the patient was equal to 
or less than the amount of fluid that the patient had to take. In 
the evaluation of this last group of patients, some analyzes 
were performed by measuring the amount of missing fluid. In 
these analyzes, missing fluid measurements of 28 patients in 
the first group were considered to be zero in order not to 
affect the evaluation.
Of the 393 patients who participated in the study, the amount 
of fluid given to the patients was lower than the amount of 
fluid required in 365 patients. The comparison of the amount 
of fluid given to patients with different parameters is shown 

that standard, restrictive and liberal fluid applications do not 
apply high amounts of liquid which will cause damage. There 
were no significant differences in the patients with postopera-
tive complications (21-24).
Corcoran T and colleagues reported that targeted fluid 
treatment applications were significantly better than liberal 
fluid treatment (25).
According to other fluid treatment methods, individualized 
targeted fluid treatment and zero balance fluid treatment 
applications are more effective in achieving hemodynamic 
balance, increasing tissue perfusion and reducing surgical 
complications; It is reported to provide a reduction in hospital 
stay and maintenance costs (26).
They reported that “zero-balance fluid therapy” (which can 
be considered as one of the restrictive fluid strategies) is 
sufficient in the intraoperative period and that one of the most 
recent approaches, targeted fluid therapy, should be applied 
in all patients (27).
In our study, we concluded that the amount of fluid given to 
the patients during intraoperative fluid treatment was mostly 
missing from the amount of fluid that patients should take. 
We found that the amount of fluid given was not statistically 
significant, but was higher in ASA III group than in ASA I-II 
group. We concluded that the amount of fluid given was 
significantly higher in the 10 ml/ kg/h large surgical group. 
We also observed that in cases of prolonged surgery, we gave 
statistically significantly more incomplete fluid. In conclu-
sion, in parallel with current approaches in our anesthesia 
clinic, we can conclude that in high-risk surgeries and 
high-risk patient groups, we pay more attention to avoiding 
liberal fluid applications with incomplete fluid applications 
in intraoperative period compared to other patient groups. 
However, since the calculation of the amount of fluid 
required by our patients is determined by a calculation 
considered as liberal fluid treatment, we should emphasize 
that the amount of the missing fluid may not be within the 
range that can be considered as restrictive fluid application.
In our study, we determined that the amount of deficient fluid 
given to patients undergoing ENT surgery was higher than 
the other groups. In our anesthesia clinic, we think that 
especially controlled hypotension applications that we 
perform in ENT operations are effective in this result. When  
the deficient fluids according to the operation time was 
analyzed, we found that the amount of intravenous deficient 
fluid was significantly higher in the group of patients with an 
operation time over 3 hours. In conclusion, we think that 
preoperative fluid deficits in the first three hours of operation 
may have an effect on the calculation of the amount of fluid 
that patients should receive.

CONCLUSION
 In our study, due to the variability of the liberal and restric-
tive fluid regimen concepts and the non-standard clinical and 
physiological parameters targeted, no evidence-based guide-
line or procedure-specific fluid treatment could be estab-
lished. Uniform approach for fluid management in high-risk 
patients will not be appropriate.
Especially in large surgical interventions, it is recommended 
that fluid treatment be performed during surgery with hemo-
dynamic monitoring and according to the patient's needs. 
Adequate equipment and the presence of an anesthesiologist 
with sufficient clinical experience is an important factor that 
will increase the individualized targeted fluid treatment. In 
our study, we observed that fluid replacement was performed 
under the calculation we performed according to standard 
fluid treatment, but for our results, which are still at a liberal 
level, it would be beneficial to consider hemodynamic moni-
toring methods more frequently in patients in need, especially 
considering the fluid requirements of the patient in selected 
groups. There is a wide range of studies that can be used more 
safely for the individualized targeted fluid treatment 
approach in large surgical interventions and high-risk patient 
groups. Therefore, there is a need for new scientific studies 
on fluid treatment during the surgical procedure. In this way, 
by making the standard definition of liquid applications, the 
effects and results of these applications will be better under-
stood.
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in Table VIII. 

Table VIII. Examination of the amount of incomplete fluid given 
intraoperatively in different groups

We observed that patients with ASA III were given less liquid 
than ASA I-II patients, but this difference was not statistically 
significant. In the elective surgery group, the amount of 
deficient fluid given was less than the emergency operation 
group. However, this difference was not statistically signifi-
cant. When the amount of fluid given was analyzed in terms 
of operation time, it was seen that less fluid was given in the 
group with operation time of 3 hours or more compared to the 
group with operation time less than 3 hours (p <0.05).
The comparison of the amount of missing fluid given to the 
patients who participated in the study with the type of surgery 
(size of the surgical intervention) is given in Table IX. 

Table IX. Surgery and incomplete fluid given intraoperatively

As a result of the variance analysis, it was found that an 
average of 1855.53 ml of incomplete fluid replacement was 
performed in the 10 ml/kg/h (high-risk surgeries) group. In 
the 10 ml/kg/h group, the amount of deficient fluid was 
significantly higher than the 6 ml/kg/h and 8 ml/kg/h groups 
(p <0.05). No significant difference was found between the 6 
ml/kg/h and 8 ml/kg/h groups.
The comparison of the amount of fluid given to the patients 
according to the branches is shown in Table X. While the 
missing amount was the highest in the ENT group (mean 
2504.31 ml), it was observed that the missing amount (729.94 
ml) in the Gynecology group was the lowest compared to 
other branches.

Table X. Surgery and incomplete fluid given intraoperatively

DISCUSSION
The perioperative fluid therapy is a highly controversial 
issue, data from these studies suggest that targeted fluid 
therapy may reduce postoperative major complications in 
order to achieve hemodynamic stability. The lack of standard 
criteria for perioperative fluid treatment leads to very differ-
ent clinical applications. There are discussions about intraop-
erative fluid management with variable recommendations for 
fluid composition and volume applied.
The hemodynamic monitoring that predicts fluid response 
should be performed and fluid treatment should be personal-
ized for the patient in order to give patients the optimum fluid 
and avoid any possible adverse effects caused by excess fluid.
It is an effective method for maintaining hemodynamic 
stability and providing adequate intravascular volume. Hypo-
volemia as well as excessive fluid overload can have serious 
negative consequences (9,10).
It is still unclear which criteria will be used in the selection of 
fluid therapy. The reason for the lack of a fixed approach is 
that the scientific principles on which liquid application is 
based are constantly changing as a result of current studies 
(11).
There are many studies on fluid treatment that should be 
applied during the operation. Particular emphasis is given to 
standard, restrictive and individualized targeted fluid 
treatment methods. However, there is no widely accepted 
definition for these free and restrictive fluid treatment meth-
ods. In studies comparing free and restrictive fluid therapies, 
differences in pre- and postoperative patient data, complexity, 
amount and type of fluids used, additional fluid or inotropic 
requirement during surgery, and non-standardization of the 
surgical team complicate the interpretation of these results. 
Excessive fluid administration in standard fluid treatment 
may result in an increase in venous pressure and fluid passage 
into the intracellular areas, resulting in pulmonary and 
peripheral edema and consequently reduced systemic and 
local tissue oxygenation. The use of crystalloids especially in 
the treatment of free fluid may cause problems such as weight 
gain, bowel edema, dilution of coagulation factors, anasto-
motic leaks, longer hospital stay, and increased costs. In 
addition, free fluid treatment in outpatient surgical patients 
has been shown to reduce postoperative pain, dizziness, 
nausea and vomiting (8,12).
Restrictive fluid therapy aims to provide the least amount of 
fluid without leaving patients hypovolemic. The aim is to 

keep the amount of fluid that the patient receives and removes 
as much as possible and to avoid weight gain due to fluid 
therapy. Studies have shown that the complications that may 
occur after surgical intervention are reduced with restrictive 
fluid therapy. However, there are reports showing that a 
hypovolemia that may have consequences such as risk of 
cardiac output reduction and multiple organ failure may 
occur (12-14).
In our study, we aimed to review the perioperative fluid appli-
cations and increase awareness of the principles of intraoper-
ative fluid applications.
In a total of 152 patients undergoing elective intraabdominal 
surgery performed by Nisanevich V et al., liberal fluid 
treatment (10 ml/kg bolus after 12 ml/kg/h infusion) and 
restrictive fluid treatment (4 ml/kg/h) were compared. As a 
result, it was found that the length of hospital stay in the 
restrictive group was significantly shorter and postoperative 
weight gain was less in the restrictive group, and there was no 
significant difference in terms of other complications (12).
In our study, ASA (I-II-III) patient groups were compared by 
calculating the amount of fluid they received and the standard 
amount of fluid (fasting, maintenance, surgical fluid require-
ment according to the 4-2-1 rule). Based on the standard fluid 
requirement (liberal approach), it was found that the amount 
of fluid received by the patients was low and the total amount 
of fluid left behind.
In a prospective study of 61 patients who underwent abdomi-
nal surgery by Aguilar-Nascimento JE et al., they compared 
mean postoperative morbidity and length of hospital stay by 
giving 2100 ml of fluid to the restrictive fluid group and 3575 
ml to the free fluid group. In the study, it has been reported 
that restrictive fluid treatment reduces morbidity and time of 
hospital stay (13). In another randomized controlled study by 
Holte K et al., 48 patients with knee replacement surgery 
were included in the study. 4250 ml fluid was applied to the 
standard fluid treatment group and 1740 ml fluid was applied 
to the limited fluid treatment group, respectively. At the end 
of the study, it was found that free fluid therapy reduces 
postoperative vomiting and hypercoagulability compared to 
restrictive fluid therapy (15).
In our study, the mean amount of fluid given to patients was 
2677 ml (11.3 ml/kg/h). The amount of fluid given is between 
the restrictive and standard groups in this study. In our study, 
no investigation was made in terms of morbidity and length 
of hospitalization. In our study, no examination was made in 
terms of postoperative complications.
In a randomized controlled study by Noblett et al., 108 
patients undergoing colorectal surgery were examined. 
Patients were divided into targeted fluid therapy (3638 ml) 
and standard fluid therapy (3854 ml) groups. IL-6 levels were 
significantly lower in the targeted fluid treatment group. In a 
study on rats conducted by Klemannet al, it was observed that 
over-crystalloid loading induced an increase in both systemic 
inlammatory response markers  and degradation of collagen.
 In the results of this study, the hypothesis that the inflamma-
tory process would delay wound healing was emphasized.
It has been reported that vasopressor therapy can be started 
early in order to prevent fluid overloading (16,17).

In our study, the mean amount of fluid given intraoperatively 
was found to be statistically higher in patients receiving IV 
vasopressor. As a result, it was thought that patients who 
underwent IV vasopressor may be present in high-risk 
surgery and high-risk patients and therefore may be at risk of 
developing more complications in the operation. Another 
finding that supports this is the high amount of fluid given to 
ASA III patients in the ASA III group when compared to ASA 
II patients. This suggests that vasopressor agents and fluid 
infusion are used together to achieve hemodynamic stability.
In a study conducted by Jacob et al., in healthy adults under-
going elective surgery, it has been shown that preoperative 
long periods of fasting have negative effects on patients' 
cardiopulmonary function and provoke hypovolemia (18). In 
our study, preoperative fasting periods were significantly 
longer (mean fasting time:10.7 hours) when different surgical 
branches were examined. Fasting patients for 9 hours or more 
make up 73% of all patients.
In our study, when the data related to the use of colloid in our 
clinic were examined; In 29.5% of patients, colloid was used. 
No case of colloid fluid replacement over 1000 ml was 
observed.
In a study by Perel et al., dilutional anemia may be considered 
as an important cause of shock (5th shock type) that disrupts 
nutrition at the cell level. It was stated that excessive fluid 
application would cause an increase in blood transfusion 
amount due to dilutional anemia and hemoglobin value 
would be decreased by approximately 1.1 g/dl after replace-
ment of 500 ml fluid (19).
In our study; Intraoperative fluid administration was found to 
be higher in patients who underwent blood and plasma 
replacement during intraoperative period. This may be due to 
dilutional anemia or lack of intravascular volume lost by 
surgical bleeding.
In studies examining the effects of fluids on plasma, it has 
been observed that balanced replacement solutions least 
disrupt the electrolyte balance and positively affect the 
plasma pH value.
Hyperchloremic acidosis due to the physiological applica-
tions of serum manifests itself as a common problem (20,21).
In our study, when the fluid types given in the intraoperative 
period are examined, we see that the most preferred crystal-
loid type is balanced crystalloid solution (isolyte-S) in 74%. 
The use of balanced crystalloid which has the closest plasma 
content is the most commonly preferred type of fluid in our 
clinical practice.
While fluid restriction is the standard practice in thoracic 
surgery, intraoperative fluid volume varies in the general 
surgery. In the study of 141 cases in colorectal surgery, the 
liberal and (2.7 L, largely colloid) restrictive (5.4 L, largely 
saline) fluid regimen were compared (22). In our study, 
postoperative complications were 51% in the liberal group, 
but significantly decreased in the restrictive group and were 
33%. There was no increase in renal complications in restric-
tive group. In an article evaluating the effects of restrictive 
and liberal fluid regimens on postoperative outcome, it was 
emphasized that there is no clear definition for these two 
application protocols in clinical practice. It has been observed 



ABSTRACT
Objective:
Especially in large surgical procedures, it is recommended that the fluid treatment be performed 
according to the needs of the patient in the presence of hemodynamic monitoring during the 
operation. We aimed to review intraoperative fluid treatments and to increase awareness of 
intraoperative fluid management.

Methods:
The patients (393) who underwent general anesthesia were included in the study. According to 
the information of intraoperative fluid applications, the demographic characteristics of the 
patients and the amount and type of fluid that should be given according to the type of operation 
performed were determined.

Results:
In our study, the mean amount of fluid given to patients was found to be 2677.61 ml. The mean 
intraoperative fluid volume was higher in patients who were treated with IV vasopressors than 
in untreated patients (3477.27 ml). When compared with patients with ASA 1-2 group, the 
amount of fluid given to the patients in the ASA-3 group was high (2795 ml). Comparing the 
type of surgery and the amount of fluid given intraoperatively, we observed that the amount of 
intraoperative fluid was significantly higher in the high-risk surgical group (3601.65 ml). We 
can say that we are close to liberal practices as a liquid strategy. The use of balanced crystalloid 
with the closest content to plasma is the most preferred liquid type in our clinical practice.

Conclusion:
Due to the variability of the concepts of liberal and restrictive fluid regimen and the lack of 
standardized targeted clinical and physiological parameters, no specific evidence-based guide-
line or procedure specific fluid treatment could be demonstrated. In our study, we see that fluid 
replacement is performed under standard fluid treatment, which still can be considered liberal. 
We think that it can be useful to use hemodynamic monitoring methods more frequently in 
patients who need them, also in selected patient groups.

Key Words: Fluid, Liberal, Restrictive, Perioperative, Crystalloid, Colloid

ÖZ
Giriş/Amaç:
Büyük cerrahi işlemlerde, hemodinamik monitörizasyon ve hastanın ihtiyacına göre sıvı 
tedavisinin yapılması önerilmektedir. Biz intraoperatif sıvı tedavilerini gözden geçirmeyi ve 
intraoperatif sıvı ilkelerine farkındalığı arttırmayı amaçladık.

Gereç ve Yöntemler:
Genel anestezi uygulanan hastalar (393) çalışmaya dahil 
edildi. İntraoperatif sıvı uygulamaları, hastaların demografik 
özellikleri ve yapılmış olan operasyonun türüne göre 
verilmesi gereken sıvı miktarları ve türü belirlendi. Hasta-
ların mevcut kayıtlarından verilmiş olan sıvı miktarlarına ait 
verilerle karşılaştırılma yapılarak sonuçlar analiz edildi.

Bulgular:
Çalışmamızda hastalara verilen ortalama sıvı miktarı 2677,61 
ml (11,3 ml/kg/saat) olarak bulunmuştur. IV vazopressör 
kullanılan hastalarda intraoperatif verilen ortalama sıvı 
miktarlarının kullanılmayan hastalara göre daha yüksek 
olduğu görüldü (3477,27 ml). ASA-3 grubu hastalar ASA1-2 
grubu hastalarla kıyaslandığında, ASA-3 grubu hastalara 
intraoperatif dönemde verilen sıvı miktarı yüksekti (2795 
ml). Cerrahi tipi ve intraoperatif verilen sıvı miktarları 
karşılaştırıldığında; yüksek riskli cerrahi grubunda intraoper-
atif verilen sıvı miktarının anlamlı olarak daha yüksek 
olduğunu gözlendi (3601,65 ml). Sıvı yönetiminde liberal 
uygulamalara yakın değerlerde olduğumuzu söyleyebiliriz. 
Kristaloid kullanımı klinik pratiğimizde en sık tercih 
ettiğimiz sıvı tipi olarak karşımıza çıkmaktadır.

Sonuç:
Liberal ve restriktif sıvı rejimi kavramlarının değişkenliği, 
hedeflenen klinik ve fizyolojik parametrelerin standart olma-
ması nedeniyle kanıta dayalı kılavuz veya prosedüre özel bir 
sıvı tedavisi ortaya konamamıştır. Yüksek riskli hastalarda 
sıvı yönetimi için tek tip yaklaşım uygun olmayacaktır. Bizim 
çalışmamızda standart sıvı tedavisi uygulamaktayız, 
sonuçlarımız liberal sayılabilir. Hemodinamik monitor-
izasyon yöntemlerine ve hastanın sıvı gereksinimlerine 
dikkat edilerek replasman yapılmasının faydalı olacağını 
düşünmekteyiz.

Anahtar Sözcükler: Sıvı, Liberal, Restriktif, Perioperat-
if, Kristalloid, Kolloid

INTRODUCTION
Fluid treatment is an integral and most important part of 
perioperative treatment. Maintaining intravascular volume 
and maintaining hemodynamic stability play an important 
role on postoperative morbidity and mortality. There is a 
well-known relationship between the volume of fluid admin-
istered to the patient in the perioperative period and postoper-
ative morbidity. If sufficient fluid is not administered to the 
patient, various complications such as acute kidney damage, 
hypotension, heart rhythm disturbances, ischemia, anastomo-
sis leakage may occur due to hypovolemia. If the patient is 
overcharged, various complications such as prolonged 
mechanical ventilation, delayed wound healing or infection 
may occur due to overloading. Therefore, keeping the fluid 
status of the patient in a sensitive balance in the perioperative 
period is critical for postoperative morbidity and mortality.
In order to give sufficient fluid to the patients and to avoid the 
possible negative effects caused by the excess fluid, hemody-
namic monitoring showing fluid response should be 

performed and fluid treatment should be personalized for the 
patient by applying a rational fluid strategy (1-8).
In our study; we aimed to review the perioperative fluid 
applications and increase awareness of the principles of 
intraoperative fluid applications.

METHODS
The aim of our study was to review intraoperative fluid appli-
cations and to increase awareness on the principles of 
intraoperative fluid applications. we aim to evaluate the 
adequacy of our applications in perioperative fluid treatment 
in general anesthesia patients and to share our data with our 
clinic.
This research complies with all the relevant national regula-
tions, institutional policies and in accordance with the tenets 
of the Helsinki Declaration, and has been approved by the 
Akdeniz University Medical Faculty Ethical Committee 
(approval number: 24.02.2016/148). 
 In this prospective-observational study, patients aged 18-65 
years who underwent elective surgery with general anesthesia 
were included in the study. Pediatric and geriatric patients 
undergoing regional anesthesia were excluded from the 
study.
There are no termination criteria for our study because the 
observational evaluation is qualified and it will be performed 
in patients undergoing general anesthesia without changing 
the general anesthesia practices. Intraoperative drugs, blood 
and fluid infusions and blood-fluid losses are recorded in 
anesthesia follow-up forms in all patients who underwent 
anesthesia for surgical intervention. Our study was based on 
the records in these forms. After the operation was complet-
ed, the information in the Anesthesia Follow-up Form of the 
patients was recorded in our study form. There was no 
intervention or contribution to anesthesia method, drug, 
liquid-blood infusions.
When calculating the amount of fluid that patients should 
take during the intraoperative period:
1.  Preoperative fluid deficits were calculated according to  
     preoperative fasting periods and patient characteristics.
2. The amount of intravenous fluid to be given according to     
    the duration of operation in the intraoperative period was  
    calculated.
3. Fluid loss was calculated according to the type of operation          
    (light-medium-heavy) and additional fluid needs were 
    determined.
 With the data obtained from these calculations, the total 
intraoperative need of the patients was determined and 
compared with the total amount of fluid given during the 
operation.
The patients included in the study were divided into 3 classes 
according to the size of the surgical intervention. This is due 
to the increased capillary permeability due to a number of 
mediators released during the surgery in response to surgical 
trauma, depending on the size of the surgical procedure, a 
certain amount of fluid escapes the vessel, ie the interstitial 
space and the third cavities (intestinal lumen, peritoneal 
cavity, pleural space, etc.). This leakage can be up to 6 
ml/kg/h in a low-grade surgery, up to 8 ml/kg/h in a medi-

um-grade surgery and up to 10-20 ml/kg /h in a high-grade 
surgery.
In our study, the parameters that we evaluated during the 
anesthesia, including the fluids we administered during the 
intraoperative period and blood-fluid losses due to surgery 
are listed below:
- Demographic characteristics of patients
- Duration and type of operation
- Intraoperative hemodynamic monitoring 
   (blood pressure, heart rate)
- Is there a preoperative fluid infusion?
- Intraoperative IV fluid treatment and amount
- Losses from perioperative catheters (urine, nasogastric)
- Perioperative blood-fluid (acid fluid) losses
- Additional systemic diseases of patients
- Intravenous vascular access
- Intraoperative vasopressor use

Statistical Evaluation
Descriptive findings are presented in percentages when data 
are counted. In the case of data specified by measurement; the 
data are presented in averages and standard deviations if 
normal distribution is present, and in median and quartiles 
and min-max values if no normal distribution is present.  
Chi-square test was used to compare two or more groups in 
the census data.
In the case of continuous measurement, comparison of two 
independent groups; Student t test (significance test of differ-
ence between two means in independent groups) if it is 
suitable for normal distribution, and Mann Whitney-u test 
which is non-parametric equivalent if it is not suitable for 
normal distribution. The mean of three or more groups were 
compared with Analysis of Variances (ANOVA) and scheffe 
was used as post hoc test.

RESULTS
A total of 393 patients aged 18-65 years who underwent 
elective surgery with general anesthesia were included in the 
study. Demographic characteristics of the patients included in 
the study are shown in Table I and Figure 1.

Table I. Characteristics of the patients in the study

Figure1. Distribution of patients according to surgery

Patients were divided into three groups according to intraop-
erative fluid infusion. 
6 ml/kg/h group (small surgical group), 8 ml/kg/h group 
(middle surgical group) and 10 ml/kg/h group (large surgical 
group) were identified (Table II).

Table II. Surgical intervention and operation time

The mean preoperative fasting time of the patients was 10.73 
± 2.66 hours. There were 287 patients with a fasting period of 
9 hours or more. This is 73% of patients. The number of 
patients receiving IV fluid infusion in the preoperative period 
was 73 patients, this is 18.6% of patients. The fluid infusion 
in patients is summarized in Table III. 

Table III. Fluids given to patients and fasting periods

When the patients who participated in the study were 
compared in terms of the size of the surgical intervention and 
the amount of fluid given, it was found that the amount of 
fluid increased significantly as the size of the surgical 
intervention increased (p <0.05) (Table IV).

Table IV. Surgery and intraoperative fluid volumes

There was no significant difference between the amount of IV 
fluid given between the surgical branches examined in the 
study (p>0.05)(Table V).

Table V. Surgery and intraoperative fluid volumes

When the patients receiving IV vasopressor were examined 
in terms of their relationship with the mean amount of fluid 
administered intraoperatively, it was observed that patients 
receiving IV vasopressor had significantly higher fluid intake 
during the intraoperative period (p <0.05). In the comparison 
of the mean amount of fluid administered in the intraopera-
tive period with the ASA groups, no significant relationship 
was found. In addition, when the groups of patients undergo-
ing emergency and elective surgery were evaluated in terms 
of the mean amount of fluid delivered during the intraopera-
tive period, it was seen that the mean amount of fluid given 
intraoperatively was higher in emergency operations. How-
ever, this relationship was not statistically significant (p> 
0.05). There was no significant difference between the mean 
fluid intake of the patients according to surgical types during 
the intraoperative period. When intraoperative mean blood 
flow and fresh frozen plasma were examined in terms of 
intraoperative mean fluid volume, it was found that the 
amount of fluid given in patients who underwent blood and 
plasma replacement was significantly higher (p <0.05) 
(Table VI).

Table VI. Comparison of intraoperative fluid intake in different    
          groups

According to these results, preoperative IV fluid replacement 
is performed only in 18.6% of the patients (Table VII).

Table VII. Preoperative IV fluid infusion rates according to the        
                   surgery

The amount of fluid to be given to the patients participating 
in the study was calculated based on the 4-2-1 rule. Consider-
ing this calculation, the differences between the amount of 
fluid given to the patients and the amount of fluid to be given 
were examined. Of the 393 patients who participated in the 
study, 28 of them had the amount of fluid given; the amount 
of fluid that the patient should take. Of these 28 patients were 
orthopedic patients who had undergone extremity surgery for 
more than 3 hours, and 23 of them were general surgery, 
urology and gynecology cases who had abdominal surgery. 

The amount of fluid delivered to the patient was greater than 
the amount of fluid required in 28 patients. In the other 365 
patients, the amount of fluid given to the patient was equal to 
or less than the amount of fluid that the patient had to take. In 
the evaluation of this last group of patients, some analyzes 
were performed by measuring the amount of missing fluid. In 
these analyzes, missing fluid measurements of 28 patients in 
the first group were considered to be zero in order not to 
affect the evaluation.
Of the 393 patients who participated in the study, the amount 
of fluid given to the patients was lower than the amount of 
fluid required in 365 patients. The comparison of the amount 
of fluid given to patients with different parameters is shown 

that standard, restrictive and liberal fluid applications do not 
apply high amounts of liquid which will cause damage. There 
were no significant differences in the patients with postopera-
tive complications (21-24).
Corcoran T and colleagues reported that targeted fluid 
treatment applications were significantly better than liberal 
fluid treatment (25).
According to other fluid treatment methods, individualized 
targeted fluid treatment and zero balance fluid treatment 
applications are more effective in achieving hemodynamic 
balance, increasing tissue perfusion and reducing surgical 
complications; It is reported to provide a reduction in hospital 
stay and maintenance costs (26).
They reported that “zero-balance fluid therapy” (which can 
be considered as one of the restrictive fluid strategies) is 
sufficient in the intraoperative period and that one of the most 
recent approaches, targeted fluid therapy, should be applied 
in all patients (27).
In our study, we concluded that the amount of fluid given to 
the patients during intraoperative fluid treatment was mostly 
missing from the amount of fluid that patients should take. 
We found that the amount of fluid given was not statistically 
significant, but was higher in ASA III group than in ASA I-II 
group. We concluded that the amount of fluid given was 
significantly higher in the 10 ml/ kg/h large surgical group. 
We also observed that in cases of prolonged surgery, we gave 
statistically significantly more incomplete fluid. In conclu-
sion, in parallel with current approaches in our anesthesia 
clinic, we can conclude that in high-risk surgeries and 
high-risk patient groups, we pay more attention to avoiding 
liberal fluid applications with incomplete fluid applications 
in intraoperative period compared to other patient groups. 
However, since the calculation of the amount of fluid 
required by our patients is determined by a calculation 
considered as liberal fluid treatment, we should emphasize 
that the amount of the missing fluid may not be within the 
range that can be considered as restrictive fluid application.
In our study, we determined that the amount of deficient fluid 
given to patients undergoing ENT surgery was higher than 
the other groups. In our anesthesia clinic, we think that 
especially controlled hypotension applications that we 
perform in ENT operations are effective in this result. When  
the deficient fluids according to the operation time was 
analyzed, we found that the amount of intravenous deficient 
fluid was significantly higher in the group of patients with an 
operation time over 3 hours. In conclusion, we think that 
preoperative fluid deficits in the first three hours of operation 
may have an effect on the calculation of the amount of fluid 
that patients should receive.

CONCLUSION
 In our study, due to the variability of the liberal and restric-
tive fluid regimen concepts and the non-standard clinical and 
physiological parameters targeted, no evidence-based guide-
line or procedure-specific fluid treatment could be estab-
lished. Uniform approach for fluid management in high-risk 
patients will not be appropriate.
Especially in large surgical interventions, it is recommended 
that fluid treatment be performed during surgery with hemo-
dynamic monitoring and according to the patient's needs. 
Adequate equipment and the presence of an anesthesiologist 
with sufficient clinical experience is an important factor that 
will increase the individualized targeted fluid treatment. In 
our study, we observed that fluid replacement was performed 
under the calculation we performed according to standard 
fluid treatment, but for our results, which are still at a liberal 
level, it would be beneficial to consider hemodynamic moni-
toring methods more frequently in patients in need, especially 
considering the fluid requirements of the patient in selected 
groups. There is a wide range of studies that can be used more 
safely for the individualized targeted fluid treatment 
approach in large surgical interventions and high-risk patient 
groups. Therefore, there is a need for new scientific studies 
on fluid treatment during the surgical procedure. In this way, 
by making the standard definition of liquid applications, the 
effects and results of these applications will be better under-
stood.
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in Table VIII. 

Table VIII. Examination of the amount of incomplete fluid given 
intraoperatively in different groups

We observed that patients with ASA III were given less liquid 
than ASA I-II patients, but this difference was not statistically 
significant. In the elective surgery group, the amount of 
deficient fluid given was less than the emergency operation 
group. However, this difference was not statistically signifi-
cant. When the amount of fluid given was analyzed in terms 
of operation time, it was seen that less fluid was given in the 
group with operation time of 3 hours or more compared to the 
group with operation time less than 3 hours (p <0.05).
The comparison of the amount of missing fluid given to the 
patients who participated in the study with the type of surgery 
(size of the surgical intervention) is given in Table IX. 

Table IX. Surgery and incomplete fluid given intraoperatively

As a result of the variance analysis, it was found that an 
average of 1855.53 ml of incomplete fluid replacement was 
performed in the 10 ml/kg/h (high-risk surgeries) group. In 
the 10 ml/kg/h group, the amount of deficient fluid was 
significantly higher than the 6 ml/kg/h and 8 ml/kg/h groups 
(p <0.05). No significant difference was found between the 6 
ml/kg/h and 8 ml/kg/h groups.
The comparison of the amount of fluid given to the patients 
according to the branches is shown in Table X. While the 
missing amount was the highest in the ENT group (mean 
2504.31 ml), it was observed that the missing amount (729.94 
ml) in the Gynecology group was the lowest compared to 
other branches.

Table X. Surgery and incomplete fluid given intraoperatively

DISCUSSION
The perioperative fluid therapy is a highly controversial 
issue, data from these studies suggest that targeted fluid 
therapy may reduce postoperative major complications in 
order to achieve hemodynamic stability. The lack of standard 
criteria for perioperative fluid treatment leads to very differ-
ent clinical applications. There are discussions about intraop-
erative fluid management with variable recommendations for 
fluid composition and volume applied.
The hemodynamic monitoring that predicts fluid response 
should be performed and fluid treatment should be personal-
ized for the patient in order to give patients the optimum fluid 
and avoid any possible adverse effects caused by excess fluid.
It is an effective method for maintaining hemodynamic 
stability and providing adequate intravascular volume. Hypo-
volemia as well as excessive fluid overload can have serious 
negative consequences (9,10).
It is still unclear which criteria will be used in the selection of 
fluid therapy. The reason for the lack of a fixed approach is 
that the scientific principles on which liquid application is 
based are constantly changing as a result of current studies 
(11).
There are many studies on fluid treatment that should be 
applied during the operation. Particular emphasis is given to 
standard, restrictive and individualized targeted fluid 
treatment methods. However, there is no widely accepted 
definition for these free and restrictive fluid treatment meth-
ods. In studies comparing free and restrictive fluid therapies, 
differences in pre- and postoperative patient data, complexity, 
amount and type of fluids used, additional fluid or inotropic 
requirement during surgery, and non-standardization of the 
surgical team complicate the interpretation of these results. 
Excessive fluid administration in standard fluid treatment 
may result in an increase in venous pressure and fluid passage 
into the intracellular areas, resulting in pulmonary and 
peripheral edema and consequently reduced systemic and 
local tissue oxygenation. The use of crystalloids especially in 
the treatment of free fluid may cause problems such as weight 
gain, bowel edema, dilution of coagulation factors, anasto-
motic leaks, longer hospital stay, and increased costs. In 
addition, free fluid treatment in outpatient surgical patients 
has been shown to reduce postoperative pain, dizziness, 
nausea and vomiting (8,12).
Restrictive fluid therapy aims to provide the least amount of 
fluid without leaving patients hypovolemic. The aim is to 

keep the amount of fluid that the patient receives and removes 
as much as possible and to avoid weight gain due to fluid 
therapy. Studies have shown that the complications that may 
occur after surgical intervention are reduced with restrictive 
fluid therapy. However, there are reports showing that a 
hypovolemia that may have consequences such as risk of 
cardiac output reduction and multiple organ failure may 
occur (12-14).
In our study, we aimed to review the perioperative fluid appli-
cations and increase awareness of the principles of intraoper-
ative fluid applications.
In a total of 152 patients undergoing elective intraabdominal 
surgery performed by Nisanevich V et al., liberal fluid 
treatment (10 ml/kg bolus after 12 ml/kg/h infusion) and 
restrictive fluid treatment (4 ml/kg/h) were compared. As a 
result, it was found that the length of hospital stay in the 
restrictive group was significantly shorter and postoperative 
weight gain was less in the restrictive group, and there was no 
significant difference in terms of other complications (12).
In our study, ASA (I-II-III) patient groups were compared by 
calculating the amount of fluid they received and the standard 
amount of fluid (fasting, maintenance, surgical fluid require-
ment according to the 4-2-1 rule). Based on the standard fluid 
requirement (liberal approach), it was found that the amount 
of fluid received by the patients was low and the total amount 
of fluid left behind.
In a prospective study of 61 patients who underwent abdomi-
nal surgery by Aguilar-Nascimento JE et al., they compared 
mean postoperative morbidity and length of hospital stay by 
giving 2100 ml of fluid to the restrictive fluid group and 3575 
ml to the free fluid group. In the study, it has been reported 
that restrictive fluid treatment reduces morbidity and time of 
hospital stay (13). In another randomized controlled study by 
Holte K et al., 48 patients with knee replacement surgery 
were included in the study. 4250 ml fluid was applied to the 
standard fluid treatment group and 1740 ml fluid was applied 
to the limited fluid treatment group, respectively. At the end 
of the study, it was found that free fluid therapy reduces 
postoperative vomiting and hypercoagulability compared to 
restrictive fluid therapy (15).
In our study, the mean amount of fluid given to patients was 
2677 ml (11.3 ml/kg/h). The amount of fluid given is between 
the restrictive and standard groups in this study. In our study, 
no investigation was made in terms of morbidity and length 
of hospitalization. In our study, no examination was made in 
terms of postoperative complications.
In a randomized controlled study by Noblett et al., 108 
patients undergoing colorectal surgery were examined. 
Patients were divided into targeted fluid therapy (3638 ml) 
and standard fluid therapy (3854 ml) groups. IL-6 levels were 
significantly lower in the targeted fluid treatment group. In a 
study on rats conducted by Klemannet al, it was observed that 
over-crystalloid loading induced an increase in both systemic 
inlammatory response markers  and degradation of collagen.
 In the results of this study, the hypothesis that the inflamma-
tory process would delay wound healing was emphasized.
It has been reported that vasopressor therapy can be started 
early in order to prevent fluid overloading (16,17).

In our study, the mean amount of fluid given intraoperatively 
was found to be statistically higher in patients receiving IV 
vasopressor. As a result, it was thought that patients who 
underwent IV vasopressor may be present in high-risk 
surgery and high-risk patients and therefore may be at risk of 
developing more complications in the operation. Another 
finding that supports this is the high amount of fluid given to 
ASA III patients in the ASA III group when compared to ASA 
II patients. This suggests that vasopressor agents and fluid 
infusion are used together to achieve hemodynamic stability.
In a study conducted by Jacob et al., in healthy adults under-
going elective surgery, it has been shown that preoperative 
long periods of fasting have negative effects on patients' 
cardiopulmonary function and provoke hypovolemia (18). In 
our study, preoperative fasting periods were significantly 
longer (mean fasting time:10.7 hours) when different surgical 
branches were examined. Fasting patients for 9 hours or more 
make up 73% of all patients.
In our study, when the data related to the use of colloid in our 
clinic were examined; In 29.5% of patients, colloid was used. 
No case of colloid fluid replacement over 1000 ml was 
observed.
In a study by Perel et al., dilutional anemia may be considered 
as an important cause of shock (5th shock type) that disrupts 
nutrition at the cell level. It was stated that excessive fluid 
application would cause an increase in blood transfusion 
amount due to dilutional anemia and hemoglobin value 
would be decreased by approximately 1.1 g/dl after replace-
ment of 500 ml fluid (19).
In our study; Intraoperative fluid administration was found to 
be higher in patients who underwent blood and plasma 
replacement during intraoperative period. This may be due to 
dilutional anemia or lack of intravascular volume lost by 
surgical bleeding.
In studies examining the effects of fluids on plasma, it has 
been observed that balanced replacement solutions least 
disrupt the electrolyte balance and positively affect the 
plasma pH value.
Hyperchloremic acidosis due to the physiological applica-
tions of serum manifests itself as a common problem (20,21).
In our study, when the fluid types given in the intraoperative 
period are examined, we see that the most preferred crystal-
loid type is balanced crystalloid solution (isolyte-S) in 74%. 
The use of balanced crystalloid which has the closest plasma 
content is the most commonly preferred type of fluid in our 
clinical practice.
While fluid restriction is the standard practice in thoracic 
surgery, intraoperative fluid volume varies in the general 
surgery. In the study of 141 cases in colorectal surgery, the 
liberal and (2.7 L, largely colloid) restrictive (5.4 L, largely 
saline) fluid regimen were compared (22). In our study, 
postoperative complications were 51% in the liberal group, 
but significantly decreased in the restrictive group and were 
33%. There was no increase in renal complications in restric-
tive group. In an article evaluating the effects of restrictive 
and liberal fluid regimens on postoperative outcome, it was 
emphasized that there is no clear definition for these two 
application protocols in clinical practice. It has been observed 
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