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Introduction

The volume of perioperative fluid therapy may have an impact 
on the surgical outcome of patients. There are significant 
differences in how much fluid replacement is appropriate 
during operations among specialists (anaesthesiologist, 
surgeons, etc.) [1]. Most therapists use clinical endpoints, 
such as urinary output, mean arterial pressure (MAP), and 
central venous pressure (CVP) [2]. Goal-directed fluid therapy 
(GDFT) is a part of enhanced recovery after surgery (ERAS) 
protocol using some hemodynamic parameters to guide 
intravenous (IV) fluid administration [3]. Although some studies 
have focused on GDFT in different surgical procedures, we 
did not find any study about GDFT in spine surgery using 
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Abstract
Background: Goal-directed fluid therapy (GDFT) is a new concept to describe the cardiac output (CO) and stroke volume 
variation to guide intravenous fluid administration during surgery. LiDCOrapid (LiDCO, Cardiac Sensor System, UK 
Company Regd 2736561, VAT Regd 672475708) is a minimally invasive monitor that estimates the responsiveness of 
CO versus fluid infusion. We intend to find whether GDFT using the LiDCOrapid system can decrease the volume of 
intraoperative fluid therapy and facilitate recovery in patients undergoing posterior fusion spine surgeries in comparison 
to regular fluid therapy.
Methods: This study is a randomised clinical trial, and the design was parallel. Inclusion criteria for participants in this 
study were patients with comorbidities such as diabetes mellitus, hypertension, and ischemic heart disease undergoing 
spine surgery; exclusion criteria were patients with irregular heart rhythm or severe valvular heart disease. Forty 
patients with a previous history of medical comorbidities undergoing spine surgery were randomly and evenly assigned 
to receive either LiDCOrapid guided fluid therapy or regular fluid therapy. The volume of infused fluid was the primary 
outcome. The amount of bleeding, number of patients who needed packed red blood cell transfusion, base deficit, urine 
output, days of hospital length of stay and intensive care unit (ICU) admission, and time needed to start eating solids 
were monitored as secondary outcomes. 
Results: The volume of infused crystalloid and urinary output in the LiDCO group was significantly lower than that of 
the control group (p = .001). Base deficit at the end of surgery was significantly better in the LiDCO group (p < .001). 
The duration of hospital length of stay in the LiDCO group was significantly shorter (p = .027), but the duration of ICU 
admission was not significantly different between the two groups. 
Conclusion: Goal-directed fluid therapy using the LiDCOrapid system reduced the volume of intraoperative fluid therapy.
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LiDCO hemodynamic monitoring; therefore, the findings of 
this study are novel in the field of spine surgery. Hypoxia, 
shock, and multiorgan failure are prevented by keeping 
the hemodynamic status in the acceptable range [4]. It is 
believed that GDFT has the potential to reduce the amount 
of intraoperative fluid administration, the length of hospital 
stay, and postoperative complications in patients undergoing 
major and high-risk surgeries. In fact, recent studies have 
shown a decrease in the duration of hospital length of stay 
and some other complications [5].
New monitoring systems invented that use stroke volume 
optimization to adjust fluid therapy [6]. It is known that stroke 
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A total of 40 patients undergoing lumbar spine fusion surgery 
(more than two fusions) in the prone position were enrolled in 
the study. 
Exclusion criteria were patients with irregular heart rhythm 
or severe valvular heart disease (as these could affect the 
accuracy of the LiDCO device). Patients were randomly and 
evenly assigned to receive the LiDCOrapid system (LiDCO 
group) or regular fluid therapy (control group), each group 
with 20 patients (Figure 1). Patients’ clinical data, such as 
comorbidities and the American Society of Anesthesiologists 
(ASA) physical status, were recorded. Random allocation was 
used in this study. Randomisation was based on a block size 
of 4. A random allocation sequence was performed by the 
Research Development Centre at Sina Hospital.

Preoperative data

Patients fasted for 6 hours. Before entering the operating 
room, they did not receive IV fluids. After entering the 
operating room, blood pressure, heart rate, and oxygen 
saturation (SpO2) were measured and recorded. Two IV 
lines were established using an 18-gauge cannula for each 
patient. Central venous access in the right jugular vein and 
arterial (radial) catheterization were provided for all patients 
after induction of anaesthesia. Central venous access in 
the right jugular vein provided the source for central venous 
pressure (CVP) in the LiDCOrapid system. SVV was acquired 
online from the LiDCOrapid system after calibration with 

volume variation (SVV) and pulse pressure variation (PPV) 
are good predictors of fluid responsiveness in major surgeries 
[7]. SVV is one of the most frequently used parameters in 
GDFT that is based on variations of stroke volume during the 
respiratory cycle. It is shown that SVV reliably determines 
fluid responsiveness in the prone position [8]. However, 
it has a higher threshold (15%) than in the supine position 
(11%) [9]. Many registered systems, such as LiDCO (LiDCO, 
Cambridge, UK), are available for obtaining cardiac output 
power from the arterial waveform with their own algorithms. 
Net power change in one heartbeat depends on the balance 
between the mass of blood input from stroke volume minus 
the blood gone to the periphery [7, 10]. In a LiDCO monitoring 
system, a transfer function relates the peripheral pressures to 
central pressures. Peripheral pressure is measured directly, 
and central pressure is calculated with a mathematical method 
or population data [11, 12]. When the patient is euvolemic 
and on the plateau of the Frank-Starling curve, further fluid 
therapy no longer increase the stroke volume more than 10% 
and will not be beneficial [13].
The beneficial effects of GDFT using the LiDCO system on 
surgical outcomes have been reported in major surgeries 
[14], abdominal aortic surgery [15], lower limb arterial 
surgery [16], and high- and low-risk caesarean section 
[16, 17]. However, stroke volume optimization had limited 
benefit in some elective major abdominal surgeries [18, 
19]. In this study, we intend to find whether GDFT applied 
with the LiDCOrapid system compared with regular fluid 
therapy could improve intraoperative fluid therapy as well 
as some postoperative outcomes of patients who undergo 
spine surgeries.

Methods

This randomised clinical trial was performed in Sina Hospital, 
Tehran, Iran, in 2019−2020. The study was approved by 
the Ethics Committee of the Tehran University of Medical 
Sciences (IR.TUMS.MEDICINE.REC.1398.115) and 
followed the principles of the Declaration of Helsinki. Written 
informed consent was obtained from all subjects participating 
in the trial.
The trial was registered at the Iranian Registry of Clinical Trials 
(IRCT) website (https://www.irct.ir) before patient enrollment 
on September 28, 2019 (IRCT20190719044274N1).

Patients

Inclusion criteria for participants in this study were patients 
with comorbidities such as diabetes mellitus, hypertension, 
and ischemic heart disease undergoing spine surgery. 

Figure 1. CONSORT flow diagram showing the flow of patients 
through each stage of study.
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remifentanil (0.25−0.5 μg/kg/min) and propofol (0.025−0.075 
mg/kg/min) to keep BIS in the appropriate range and MAP > 
65 mmHg [20]. The ventilation parameters were adjusted to 
keep the EtCO2 between 35 and 40 mmHg. 
Just after general anaesthesia induction and intubation, the 
infusion of basal crystalloid (ringer lactate) started at 4 mL/
kg/h for all patients. Intraoperative neuromonitoring was also 
used, and there was no need for a neuromuscular blocking 
agent. Air-warming blankets and fluid-warming devices were 
used to keep the esophageal temperature between 36°C 
and 37.5°C. All patients received ondansetron (4 mg) for 
postoperative nausea and vomiting (PONV) prophylaxis at the 
end of surgery. Patients received IV acetaminophen (Apotel) 
as an analgesic at the end of surgery. 
In the LiDCOrapid group, basal crystalloid infusion was initiated 
at 4 mL/kg/h. Crystalloid administration was then guided by SVV. 
If SVV was < 15%, the basal infusion was continued. If SVV was 
> 15%, rapid crystalloid infusion (250 mL free in 5 minutes) was 
administered to reach SVV < 15%, which has been suggested 
by previous studies [21] (Figure 2). Patients underwent serial 

lithium for cardiac output. In both groups hemodynamic 
variables—noninvasive blood pressure, heart rate, MAP, 
cardiac output, cardiac index, stroke volume, systemic 
vascular resistance (SVR), and SVV—were monitored, and 
the quantity of fluids infused was recorded. 

Anaesthesia

An invasive arterial pressure kit or LiDCOrapid system was 
used to monitor these parameters in control and LiDCOrapid 
patients, respectively. Bispectral index (BIS) and end-tidal 
carbon dioxide (EtCO2) monitoring were also applied to 
all patients. The target BIS range for appropriate depth of 
anaesthesia was between 40 and 60. During the measurements 
of hemodynamic parameters, ventilator settings remained 
unchanged. For both groups standard anaesthesia induction 
was done using IV fentanyl, midazolam, propofol, and 
atracurium. Maintenance of anaesthesia was accomplished 
with total intravenous anaesthesia (TIVA) using titration of 

Figure 2. Intraoperative protocol of GDFT in LiDCO group. SVV, stroke volume variation; CO, cardiac output; CI, cardiac index; 
SV, stroke volume. *If volume loss due to bleeding reaches maximum allowable blood loss (MABL) fluid challange will be stopped 
and fluid therabhy will be continued with blood transfusion. 
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LiDCO group, and with an α error of 0.05, and power of 0.8, the 
calculated sample size per group was 15 patients. In this study 
we included 20 patients in each group. Quantitative variables 
with normal and nonnormal distribution were described as 
mean ± standard deviation and median (interquartile range), 
respectively. Frequency (%) was used to describe qualitative 
variables. Qualitative variables were analysed using a chi-
square test and continuous quantitative variables with normal 
distribution using Student’s t-test. Quantitative variables with 
nonnormal distribution were assessed by the Mann-Whitney U 
test. Normal distribution of variables was assessed based on 
the Shapiro-Wilk test. All analyses were performed by SPSS 
software SPSS 20 (Statistical Package for Social Sciences). 
Statistical significance was considered at p < .05.

Results

Twenty-two patients (55%) were female, and 18 (45%) were 
male. The mean age of patients was 51.40 years, with a 
standard deviation of 16.17. The mean body mass index 
(BMI) of patients was 25.67, with a standard deviation of 2.15. 
Other characteristics of patients are presented in Table 1. 
Two groups were not significantly different in preoperative 
characteristics.

Comparing the intra- and postoperative parameters in 
two groups
No patient needed inotropic or vasopressor therapy. As shown 
in Table 2, there was no significant difference in the amount 
of bleeding during the surgery between the two groups, but 
the base deficit was significantly better in the LiDCO group 
(p < .001; Figure 3). 

arterial blood gases (ABG) sampling, and urine output was 
evaluated hourly. When the patient reached maximum allowable 
blood loss (MABL), GDFT continued with packed red blood cells 
infusion. 
In the control group fluid therapy was performed to maintain 
the heart rate, blood pressure, and CVP in the normal range 
(MAP > 65 mmHg, heart rate < 100 beats per minute, and 
CVP 8 to 15 mmHg).

LiDCOrapid system

This device, which is minimally invasive, is designed to 
help make clinical decisions in hemodynamic monitoring 
and controlling the amount of fluid administration. The 
use of LiDCOrapid is feasible in perioperative settings 
that use PulseCO software. LiDCOrapid with pulse 
power analysis and arterial waveforms estimates the 
responsiveness of cardiac output and volume beat by 
beat [7, 10]. In a LiDCO device, a transfer function 
relates the peripheral pressures to central pressures. 
Peripheral pressure is measured directly, and central 
pressure is calculated with a mathematical method or 
population data [12]. LiDCOrapid (http://www.lidco.com/
product/lidco-rapid/) has the ability to display pressure 
(MAP, systolic, and diastolic), heart rate, stroke volume, 
and cardiac output from the beginning of the procedure. 

Parameters and outcomes

The primary outcome of this study was the volume of 
intraoperative fluid administered.
Parameters such as the amount of bleeding, base deficit, 
urine output, days of hospital length of stay and intensive 
care unit (ICU) admission, time needed to start eating solids, 
and amount of packed red blood cells needed for transfusion 
were all monitored and considered as secondary outcomes. 
Intraoperative blood loss was quantified by measuring 
irrigation fluid and weight measurement of surgical sponges.

Statistical analysis

Participants, care providers, and those assessing outcomes 
were blinded, and they did not know which participant was in 
which group.
The primary outcome of this study was the volume of 
intraoperative fluid administered. We determined sample size 
according to the study by Han et al [22]. Intraoperative fluid 
in the control group had a standard deviation of 387 mL. We 
expected a reduction of the mean fluid volume by 400 mL in the 

Table 1: Preoperative characteristics of patients divided into two 
groups

Group Control
N (%)

LiDCO-Rapid
N (%)

Total
N (%) Probability

Sex
Female 11 (55) 11(55) 22 (55)

0.624
Male 9 (45) 9 (45) 18 (45)

ASA
I 5 (25) 6 (30) 11 (27.5)

0.500
II 15 (75) 14 (70) 29 (72.5)

Hypertension 10 (50) 6 (30) 16 (40) 0.167

Hyperlipidemia 2 (10) 0 (0) 2 (5) 0.244

Diabetes mellitus 5 (25) 2 (10) 7 (17.5) 0.204

Ischemic heart disease 4 (20) 3 (15) 7 (17.5) 0.500

Mitral valve prolapse 0 (0) 1 (5) 1 (2.5) 0.500

Chronic obstructive 
pulmonary disease 1 (5) 1(5) 2(5) 1.000

ASA, American Society of Anesthesiologists physical status classification.



5

Moharari et al.: Goal-directed fluid therapy in spine surgery

creatinine. The duration of hospital length of stay in the LiDCO 
group was significantly lower (p = .027), but the duration of ICU 
admission was not significantly different in the two groups. Also, 
eating solids started sooner in the LiDCO group (p < .001).

The volumes of injected crystalloid and urinary output in the 
LiDCO group were also significantly lower than that of the control 
group (p = .001 and < .001, respectively; Figure 4). However, 
none of the patients had oliguria or significant increase in serum 

Table 2: Comparing the peri- and postsurgical quantitative variables in two groups
Group N Mean Standard deviation Median IQR Probability

Bleeding (cc) control 20 527.00 273.90 - - 0.916

LiDCO 20 517.50 290.47 - -
Base excess (mEq/L) control 20 -8.25 1.94 - - <0.001

LiDCO 20 -4.75 2.22 - -
Volume (cc) crystalloid control 20 1920.00 584.53 - - 0.001

LiDCO 20 1332.50 409.19 - -
Urine output (cc) control 20 647.50 211.18 - - <0.001

LiDCO 20 377.50 105.72 - -
Hospitalization (day) control 20 - - 2 2-3 0.027*

LiDCO 20 - - 2 1-2

ICU admission (day) control 10 - - 0.5 0-1 0.087*

LiDCO 6 - - 0 0-0.75

Starting solids (hour) control 20 - - 10 8-12 <0.001*

LiDCO 20 - - 7 6-7.5

* Mann-Whitney U test.
ICU, intensive care unit; IQR, interquartile range.

Figure 3. Base deficit (meq/l) values in two groups.
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Table 3 shows the number of patients who needed blood 
transfusion and exhibited other postoperative complications 
in both control and LiDCO groups. No mortality occurred 
in this study, and no patient was readmitted within 30 days 
postsurgery. There was no need of reintubation for any 
patient during recovery. Blood transfusion was needed in five 
patients, and the two groups did not differ significantly hereon. 
No cases of stroke, urinary tract infection, sepsis, acute 
respiratory disease syndrome, acute renal failure, myocardial 
infarction, pulmonary thromboembolism, or lower extremity 
neurologic deficit observed. During the postoperative period, 
deep vein thrombosis occurred in one patient and pneumonia 
in two patients; these were not significantly different in the two 
groups. Six patients in the control group and three patients in 
the LiDCO group had PONV, and the two groups did not differ 
significantly. 

Discussion

It has been shown that intraoperative GDFT using the 
LiDCOrapid system resulted in lesser use of intraoperative fluid 
therapy and also better postoperative outcomes in patients 
undergoing posterior fusion lumbar spine surgery. Spine 
surgery patients for whom individualisation of intraoperative 
fluid management has a possible clinical impact are subject 
to intraoperative fluid−related complications [23]. SVV as a 

Figure 4. Comparison of injected crystalloid volume urinary and output in two groups.

Table 3: Comparison of peri- and postsurgical complications in two 
groups of patients

Group Control
N (%)

LiDCO-
Rapid
N (%)

Total
N (%) Probability

Blood transfusion 2 (10) 3 (15) 5 (12.5) 0.633

Myocardial  infarction 0 (0) 0(0) 0 (0) -
Stroke 0 (0) 0 (0) 0 (0) -
Pulmonary 
 thromboembolism 0 (0) 0(0) 0 (0) -
Deep vein  thrombosis 1 (5) 0(0) 1 (2.5) 0.3

Pneumonia 1 (5) 1(5) 2 (5) 0.100

Pulmonary edema 0 (0) 0 (0) 0 (0) -
Urinary tract  infection 0 (0) 0(0) 0 (0) 0.1000

Sepsis 0 (0) 0 (0) 0 (0) -
Acute respiratory 
distress syndrome 0 (0) 0 (0) 0 (0) -
Acute renal failure 0 (0) 0 (0) 0 (0) -
Postsurgical  nausea 
and  vomiting 6 (30) 3 (15) 9 (22.5) 0.256

Reintubation 0 (0) 0 (0) 0 (0) -
Lower extremity nerve 
defect 0 (0) 0 (0) 0 (0) -

Total complications 11 (55) 6 (30) 17 (42.5) 0.110
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functional hemodynamic parameter can be easily achieved 
by LiDCOrapid [24], and even though it can be affected by 
the administration of various drugs and changes in vascular 
tension, it is still known as a useful guide for fluid therapy [22]. 
The LiDCO system helps in assessing volume responsiveness 
before fluid administration [25]. 
Tokarik et al reported findings similar to our study  for 
extensively burned patients [24]. Han et al in a clinical trial 
used LiDCOrapid in aged patients undergoing hip joint 
replacement with spinal anaesthesia. They reported more 
fluids administered in the LiDCO group compared to controls, 
which contrasts with our results. [22] The disagreement may 
be due to different protocols of standard fluid therapy and 
anaesthesiologists’ decisions for controls in various centres. 
Total intraoperative fluid volume has not been different 
between groups in some other GDFT studies [26, 27]. 
Michard et al explained that the comparable average amount 
of fluid between groups might be because some patients, who 
were fluid responders, received more fluids, and others, who 
were nonresponders, received less fluid than they would have 
received with standard fluid therapy. [26] In our study urine 
output volume was also lower in the LiDCO group, but it was 
not less than the 0.5 mL/kg/h limit. Recent literature says that 
even oliguria is common in the perioperative period and is not 
abnormal without evidence of hypoperfusion [28]. A recent 
study shows that oliguria and postoperative renal failure may 
not correlate. However, increased postoperative fluid balance 
can cause acute kidney injury [29]. We also found that urine 
output had less variability between patients (smaller standard 
deviation). Tokarik et al suggested that GDFT by the LiDCO 
system measures intravascular fluid volume more accurately 
in comparison to assessing indirectly by urine output. [30] 
The normal range of base deficit is −2 to +2 mEq/L. Base 
deficit is a potentially useful indicator of volume deficit and 
is an important factor in the diagnosis of patients with under-
perfused tissues. Metabolic acidosis due to excessive fluid 
therapy may mask a diagnosis of perfusion deficits. Therefore, 
avoidance of acid–base alterations by the choice of volume 
replacement regimen is important. In our study LiDCO patients 
had a significantly better condition according to base deficit. 
Observation of more negative base deficit in controls shows 
metabolic acidosis probably from excessive fluid therapy 
because intraoperative bleeding was not significantly different 
between the two groups.
Length of hospital stay, as a postoperative outcome, was 
significantly less in the LiDCO group. Previous studies 
reported shorter length of hospital stay by applying GDFT 
[31, 32], but Bartha et al reported no different length of 
hospital stay in the GDFT and control groups. [33] Different 
applied multidisciplinary programs of standard care could be 
the cause of these different results. All three trials reported 
less fluid and fewer complications in GDFT patients. Gut 

edema from excessive fluid therapy can lead to impaired 
gastrointestinal function and enteral nutrition tolerance [34]. 
Postoperative pulmonary edema also can be a complication 
of over fluid therapy and excessive fluid in intravascular space 
that finally may lead to organ dysfunction, such as pulmonary 
edema [35]. In this study no patients developed postoperative 
pulmonary edema. Other postoperative complications were 
rare and did not show statistically significant differences 
between the two groups. Habicher et al showed that GDFT 
in hip revision arthroplasty causes significant reduction in 
postoperative morbidity [36]. Veelo et al reported a significant 
decrease in complications as well as decreased ICU length of 
stay for patients undergoing esophagectomy [37]. Despite the 
lower total length of hospital stay in our study, we did not find 
decreased ICU stay in LiDCO patients. Bacchin et al reported 
reduced ICU length of stay in the GDFT patients, but similar 
to our results, Benes et al reported reduced hospital, but not 
ICU length, of stay [9, 38]. Each centre routinely has its own 
protocols of ICU and ward care, which can cause significantly 
different lengths of stay. Patients’ mobilisation or postoperative 
care in a ward can also limit and affect the length of the ward 
stay more than medical fitness to discharge. The criteria for 
ICU discharge were similar to Bacchin et al [9]. 
In addition, Jin et al and Cannerson et al have reported 
reduced morbidities and postoperative complications in high-
risk abdominal surgeries and major abdominal procedures, 
respectively [39, 40]. The number of patients with postoperative 
nausea and vomiting was also lower in the LiDCO group (6 vs 11 
cases), but this difference did not reach the level of significance. 
Small sample size may have been the cause. PONV prophylaxis 
was performed in both groups, and the difference is likely due 
to different strategies of fluid therapy. Han et al, similar to our 
results, showed fewer complications and better prognosis in the 
LiDCO patients. They also reported significantly less nausea and 
vomiting in the LiDCO group [22]. 
This study has some limitations. For example, there were 
no significant differences between the study groups in some 
parameters, such as PONV and days of ICU admission, which 
may be due to the sample size and lack of precision to detect 
the differences between these parameters. Another limitation 
of our study is that, according to our inclusion criteria, all 
patients are classified as ASA I or II (72.5% ASA II), and this 
may have affected the length of ICU stay in the current study. 

Conclusion

Goal-directed fluid therapy reduced the volume of 
intraoperative infused fluids. Further multicentre trials with 
larger sample size evaluating the effectiveness of GDFT and 
comparing the outcomes with different fluid regimens can help 
generalize the results of our study. 
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