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Abstract

Background Our aim was to determine whether substi-

tution of goal-directed fluid therapy (GDT) (perioperative

fluid administration) for traditional therapy to manage

elderly patients with coronary heart disease scheduled for

gastrointestinal (GI) surgery was advantageous. We deter-

mined if it would reduce cardiac complications and shorten

time to recovery and discharge.

Methods Altogether, 60 of these elderly patients were

randomized into GDT (n = 30) and control (n = 30)

groups. In the GDT group, fluid management was carried

out under guidance of hemodynamic status indicators.

Types and quantities of fluids administered, blood loss,

intraoperative urine output, time of extubation, intensive

care unit (ICU) stay, hospital stay, postoperative adverse

cardiac events, and GI complications were recorded.

Results Total fluids infused were 2,910 ± 645 ml (GDT

group) and 3,640 ± 771 ml (control group) (p \ 0.05).

Numbers of adverse cardiac events in the two groups were

not significantly different (p = 0.121). Return of GI

function was significantly faster in the GDT group

(p \ 0.001). Median ICU stay was 32.5 h in the GDT

group and 47.5 h in the control group (p \ 0.001). Median

hospital stay was 18 days in the GDT group and 22 days in

the control group (p \ 0.001).

Conclusions GDT was associated with shorter ICU stay

and time to discharge and faster return of GI function

compared to traditional fluid therapy. The number of

adverse cardiac events was similar in the two groups.

Introduction

During surgery, oxygen delivery and organ perfusion are

often impaired owing to changes in hemodynamics and the

metabolic needs of various organ systems. This situation is

especially evident in the gastrointestinal (GI) system in

patients undergoing major surgical procedures, particularly

cardiac surgery [1, 2]. Hypoperfusion of the GI organs

occurs in up to 63 % of major surgical procedures and is

associated with increased morbidity and length of hospital

stay [1]. In patients undergoing major operative proce-

dures, traditional fluid therapy does not take into account

the surgery type, anesthesia method, or preoperative fluid

status of the patient [3].

The use of goal-directed fluid therapy (GDT) is cur-

rently a growing trend for the management of perioper-

ative fluid therapy during major surgical procedures [4–

7]. In essence, GDT uses indices such as cardiac output

or the arterial pressure waveform to guide perioperative

fluid management [4–9]. Recent studies have shown that

GDT can reduce morbidity and length of hospital stay in

certain high-risk surgical patients [10–13]. Although

GDT has been shown to be beneficial in certain situa-

tions, the patient populations likely to benefit the most

have yet to be clearly identified. In young, otherwise

healthy patients, GDT has been associated with poorer

outcomes than traditional fluid management [12, 14]. In

particular, there have been no clinical studies of the

value of GDT for a particularly high-risk group: elderly

patients with coronary heart disease undergoing GI

surgery.

We hypothesized that GDT would decrease the inci-

dence of cardiovascular complications and shorten the time

to recovery and discharge in this particular patient group.

The current randomized study compared GDT and
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conventional fluid therapy in regard to cardiovascular

complications and clinical outcome for these patients.

Methods

Patients

The Ethics Committee of the First Affiliated Hospital of

Xinjiang Medical University approved this study on Octo-

ber 20, 2010. It is registered in the World Health Organi-

zation’s (WHO) International Clinical Trials Registry

Platform (Chinese Clinical Trial Registry: http://www.

chictr.org/cn/ Registration No. ChiCTR-TRC-11001405).

All patients provided written informed consent after a

detailed explanation of the study, and all patients took part

in this study voluntarily.

A total of 60 elderly patients with coronary heart disease

undergoing GI surgery in our hospital between March 1999

and March 2011 were included in the current study.

Patients were randomized to receive GDT or routine fluid

therapy using a random number generator (odd for GDT,

even for routine therapy). Numbers were placed in sealed

envelopes and opened by the anesthesiologist in charge just

prior to induction of anesthesia.

Inclusion criteria were (1) 60–80 years old; (2) had

undergong coronary arteriography for identification and

stratification of cardiac disease; (3) scheduled for moder-

ate- to high-risk elective GI surgery; (4) met the WHO

diagnostic criteria for coronary heart disease; (5) judged

able to tolerate the fluid therapy and 3–5 h of operating

time; (6) New York Heart Association (NYHA) classifi-

cation II–III; (7) body mass index (BMI) 18–24 kg/m2; (8)

anticipated intraoperative blood loss was \600 ml; (9)

normal renal and liver function; (10) provided informed

consent before surgery.

Exclusion criteria were: (1) scheduled for emergency or

low-risk surgery; (2) American Society of Anesthesiolo-

gists (ASA) grade [III; (3) received prior fluid therapy

([2,500 ml/day over the 48 h before the surgery); (4)

presence of congenital heart disease, cardiomyopathy,

rheumatic heart disease, or pulmonary heart disease; (5)

preoperative use of vasoactive drugs (e.g. digoxin, nitro-

glycerine, nifedipine) for C3 months; (6) preoperative or

intraoperative administration of diuretics; (7) preoperative

acid–base imbalance or electrolyte (Na, K, Ca, Mg)

imbalance; (8) difficulty (or contraindication to) placing a

central venous catheter; (9) inability to cooperate (e.g.

mental disorder, disturbance of consciousness, mental

retardation); (10) presence of blood-borne infectious dis-

ease (e.g. hepatitis B, hepatitis C, syphilis, acquired

immunodeficiency syndrome); (11) had undergone surgery

twice after admission. Patients were also excluded if the

preoperative evaluation of fluid status indicated that they

were dehydrated.

Monitoring

After admission, their electrocardiogram (ECG), heart rate,

saturation of peripheral oxygen (SpO2), Pleth Variability

Index (PVI), mean arterial pressure (MAP), and tempera-

ture were monitored with the Philips IntelliVue Patient

Monitor (Philips, Eindhoven, The Netherlands). The depth

of sedation was monitored with the Masimo Radical 7

Patient monitor (Masimo, Irvine, CA, USA). The electro-

encephalography (EEG) monitor used was from Narco-

trend (Hannover, Germany). Catheterization of the left

radial artery and right internal jugular vein was performed

under local anesthesia. The left radial artery was connected

to the Vigileo/FloTrac system (Edwards Lifesciences,

Irvine, CA, USA) for monitoring cardiac output, stroke

volume, stroke volume variation (SVV), stroke volume

index (SVI), cardiac index, systemic vascular resistance

(SVR), and the SVR index (SVRI). The right internal

jugular vein was connected to the monitor for observing

central venous pressure. Urine volume, recorded to guide

fluid therapy, was maintained at [0.5 ml/kg/h.

Induction and maintenance of anesthesia

All patients in both groups received general anesthesia,

which was induced with intravenous fentanyl citrate

(4–6 mg/kg), vecuronium bromide (0.1 mg/kg), and

midazolam (0.05 mg/kg). Endotracheal intubation was

carried out after the depth of anesthesia reached DE2-E1

(corresponding to the bispectral index 45–50). The tidal

volume was maintained at 8–10 ml/kg, the respiratory rate

at 10–14 breaths/min, the inspiratory/expiratory ratio at

1:2, and PaCO2 at 35–45 mmHg. For anesthesia mainte-

nance, the amount of intraoperative midazolam, vecuro-

nium, fentanyl, and sevoflurane administered was guided

by the Narcotrend and TOF-WATCH (Bluestar Enter-

prises, Omaha, BE, USA) monitors to maintain the depth of

anesthesia at D2-E1.

Preoperative evaluation of fluid status and methods

of fluid infusion

Evaluation of fluid status was carried out before fluid

therapy in both groups. Evaluation consisted of: (1)

observing the patient’s mental condition, skin elasticity,

duration of fasting, and loss of body fluid; (2) measuring

the blood pressure (BP) and heart rate (HR); and (3)

determining electrolyte levels and performing liver and

kidney function tests. Based on the above data, dehydrated

patients were excluded from the study because the
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management and outcome of these patients might be

affected by the patient’s preoperative condition instead of

by the method of fluid administration.

Control group

For the control group, all fluid administration followed

standard guidelines [15]. In this group, 5–7 ml/kg

(depending on the preoperative evaluation of the fluid

status) of balanced salt solution (BSS) was infused during

the 30 min previous to surgery. For maintenance, a basal

amount determined using the 4/2/1 rule (body weight

0–10 kg, 40 ml/h; body weight 11–20 kg, 60 ml/h; body

weight [21 kg, 65 ml/h) plus an additional amount to

compensate for redistribution of fluid due to surgery (2 ml/

kg/h for a small incision, 4–6 ml/kg/h for a large incision)

of BSS (without glucose) was infused. Ascitic fluid

drainage was replaced with BSS, and blood loss was

replaced with an equal volume of hydroxyethyl starch

(HES 130/0.4; Fresenius Kabi, Bad Homburg, Germany).

If the blood loss was [15 % of the blood volume, it was

given with added packed red blood cells (RBCs) [15].

Acid–base imbalances and electrolyte disturbances were

managed according to the results of intraoperative blood

gas analyses.

GDT group

In the GDT group, patients also received BSS (5–7 ml/kg

depending on the preoperative evaluation of the fluid sta-

tus) infused during the 30 min prior to surgery, and GDT

was used intraoperatively and throughout the first 24 h

postoperatively. During anesthesia, if the cardiac index

(CI) and SVI were both low (\2.5 l/min/m2 and \35 ml/

min2, respectively) and the stroke volume variation was

high ([12 %), a bolus of BSS (500 ml) was administered.

If that failed, an added bolus (250 ml) of colloid solution

(HES 130/0.4) was given to increase the SVI to [35. The

maximum amount of colloid that could be given was

30 ml/kg/day. If administration of fluid failed, dopamine or

norepinephrine were used to maintain the CI[2.5 and MAP

[65.9.

If the amplitude of changes in heart rate and MAP were

[30 % higher or lower than the basal values over a period

of [10 min, if recovery to basal values could not be

achieved after fluid infusion, or if hemodynamic instability

was present, intravenous nitroglycerin or ephedrine to

correct the situation was slowly administered (5–10 lg/

min). In the GDT group, GDT was continued for the first

24 h after surgery. The summarized guide is shown in

Fig. 1.

Fig. 1 GDT applied in the

current study
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Outcome measures

Outcome assessors were blinded to the grouping of the

patients. The incidence of adverse cardiac events was

determined using the following criteria. Myocardial

ischemia was defined as flat or down-sloping ST segment

depression C1 mm with or without T wave inversion.

Acute myocardial infarction was defined as precordial pain

for [30 min, a Q wave on the electrocardiogram (ECG),

ST segment depression or concave upward ST segment

elevation, and cTn I [ 3.1 g/l. A 12-lead ECG was

obtained once a day until discharge. cTnI determinations

were performed once a day for the first three postoperative

days and then once every 3 days until discharge. Serious

arrhythmias were defined as atrial fibrillation with signifi-

cant symptoms or affecting hemodynamics and requiring

medication, paroxysmal supraventricular tachycardia, and

premature ventricular contraction. Congestive heart failure

was defined as shortness of breath, jugular vein distention,

gallop rhythm, and pulmonary edema shown by chest

radiography. Cardiac death was defined as death due to

myocardial infarction, heart failure, arrhythmias, or other

cardiac causes.

Postoperative GI dysfunction included indigestion,

severe vomiting, diarrhea, GI bleeding, and acute intestinal

obstruction. Other outcome measures included time to

extubation, length of intensive care unit (ICU) stay, GI

recovery, and length of hospitalization.

Respiratory and cardiovascular indicators were

recorded at entry to the operating room, after induction

of anesthesia, at the beginning of surgery, 1 h after

starting surgery, and at completion of surgery. Heart

rate, MAP, SpO2, PVI, end-tidal pressure of CO2

(PETCO2), urine output, and the type and quantity of

fluid supplemented were monitored with the Vigileo

monitor at each time point. Arterial blood gas analysis

was also carried out at the four time points described

above. Serum lactic acid level was monitored by

intravenous blood extraction.

Patients were transferred from the ICU when they

exhibited a stable cardiovascular and respiratory status,

normal acid-base balance, and normal electrolytes. They

also had to be ventilator- and vasoactive drug-independent.

Once discharged from the ICU, all patients underwent

routine fluid management administered by an experienced

physician.

All patients received fast-track management. No rou-

tine bowel preparation was performed preoperatively. In

both groups, clear liquids were encouraged on postop-

erative day (POD) 1 (beginning 24 h after surgery). On

PODs three and four the patients could have a semi-fluid

diet and the intravenous feeding was reduced or dis-

continued. The nasogastric tube was removed on POD 1,

and early ambulation was encouraged. Intravenous fluids

were administered postoperatively only to the degree that

was necessary to avoid dehydration and electrolyte

imbalance.

Patients were discharged home when they showed stable

cardiovascular and respiratory conditions, they could take

oral fluid and food, spontaneous excretion occurred, no

infection was present, and their consciousness level was

comparable to that of their preoperative state. Two expe-

rienced surgeons who were not informed about the patient

grouping made these determinations.

Statistical analysis

Generally, continuous data were presented as the

mean ± standard deviation (SD) or the median and inter-

quartile range (IQR)—Q1, Q3—if data were not normally

distributed. Categoric data were presented as the number

(%). Differences between groups were compared using a

two-sample t test for continuous data or the Mann–Whitney

U test if data were not normally distributed: Pearson’s v2

test for categoric data or Fisher’s exact test if the cell

number was \5. Hemodynamic indexes and arterial blood

gas indexes over time were summarized as the mean ± SD

and compared between the treatment and control groups

using repeated measurement analysis of variance

(ANOVA). All statistical assessments were two-tailed, and

p \ 0.05 was considered to indicate statistical significance.

Statistical analyses were performed using SPSS version

15.0 software (SPSS, Chicago, IL, USA).

Results

Demographics

Of the 122 patients assessed for eligibility for inclusion in

the study, there were ultimately 30 patients each in the

GDT and control groups included in the analysis (Fig. 2).

The demographic and baseline clinical characteristics of

the two groups were similar (Tables 1, 2). There was no

significant difference in the preoperative medications

between the groups. There was no significant difference

between groups regarding the severity of coronary artery

disease. Approximately 65–70 % of the patients in each

group had one diseased vessel and stenosis severity of

30–70 %. Preoperatively, SpO2 was slightly higher in the

GDT group than in the control group: 97.5 (96, 98) vs. 96

(94, 97), p = 0.024. There was no significant difference

between groups in regard to the operation time or operation

type. No operations in either group were performed

laparoscopically.
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Adverse cardiac events

A total of 11 patients (36.7 %) in the GDT group had

adverse cardiac events, whereas 18 patients (60 %) in the

control group had adverse events. The events included

serious arrhythmia, congestive heart failure, myocardial

ischemia, and acute myocardial infarction. The incidence

of adverse cardiac events was not significantly different

between groups (all, p [ 0.05).

Recovery and discharge

Time to extubation, time to flatulence, time to defecation,

time to resumption of liquid diet, length of ICU stay, and

length of hospital stay were all shorter in the GDT group

than in the control group (all, p \ 0.05). In addition, the

incidence of severe nausea and vomiting was lwer in the

GDT group than in the control group (20 vs. 50 %,

p = 0.015) (Table 2).

Fluid administration, hemodynamics, blood gases

Fluid administration by group is summarized in Table 3.

Patients in the GDT group received a lower total amount of

intraoperative fluid infusion and amount of crystalloids but

a higher amount of colloids than the control group (all,

p \ 0.05). Colloids comprised 38 % of the fluids admin-

istered in the GDT group but only 20 % of the fluids

administered in the control group. Intraoperative urine

output was significantly less in the GDT group (p \ 0.001).

Comparisons of hemodynamic indexes and arterial

blood gas indexes over time between the GDT and control

groups are shown in Tables 4 and 5, respectively. The time

trends for MAP, central venous pressure, and stroke

volume of the GDT group were significantly different from

those of the control group (all p \ 0.05) (Table 4). The

time trends for the oxygen delivery index (DO2I) and lactic

acid were also significantly different in the GDT and

control groups (both, p \ 0.05) (Table 5).

Discussion

Our hypothesis that GDT would decrease the number of

adverse cardiovascular events in elderly patients with

coronary artery disease undergoing GI surgery was not

substantiated. Although the GDT group experienced fewer

adverse cardiac events, the difference between the two

groups did not reach statistical significance. However, the

lack of significance might have been due to the small

number of study patients. Recovery from surgery was

faster in the GDP group. Also, GDT was associated with a

shorter ICU stay, faster return of GI function, less nausea

and vomiting, and better hemodynamic indices than the

patients managed with traditional fluid therapy.

The purpose of GDT is to stabilize the hemodynamic

status with suitable fluids according to real-time hemody-

namic function data. The fluids administered in the GDT

group were based on hemodynamic parameters obtained

from the Violeo/FloTrac system and the treatment algo-

rithm. The total amount of fluids administered intraopera-

tively was significantly different between the GDT and

control groups (2,650 vs. 3,950 ml, respectively), whereas

the amount administered during the first 24 h after surgery

was not (2,150 vs. 2,100 ml, respectively). Additionally,

the relative amount of crystalloids and colloids used was

different between the two groups. The GDT group received

a smaller volume of crystalloid and a much higher

Fig. 2 Patient flow chart
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percentage of colloid than those on conventional therapy.

The final amount of colloids may reflect a need for more

colloids to stabilize and reduce the edema associated with

anastomosis, indicating that the traditional method of fluid

management may have flaws. GDT administered via the

Violeo/FloTrac system allows more precise administration

of fluids than routine fluid therapy, which is especially

evident intraoperatively when large fluid shifts are likely to

occur and may not be identified by standard monitoring.

Postoperatively, less variation in fluid status is likely, and

thus the amount of fluid required under the GDT algorithm

more closely matches that of routine fluid management.

Patients with prolonged bowel surgery are particularly

likely to develop GI edema, which would decrease tissue

perfusion and oxygenation [15]. It is possible that edema

caused by the greater volume of crystalloids used in the

conventional fluid therapy group in this study is at least

partly responsible for the slower recovery of bowel func-

tion in these patients. Their increased nausea and vomiting

is probably due the accompanying slow return of bowel

function. Time to discharge from the ICU and from the

hospital was relatively long for all patients. This was

probably because the patient population was elderly and

had coronary heart disease.

Intraoperative hemodynamic perturbations are the main

cause of tissue hypoperfusion. They also increase the

incidence of postoperative complications and extend the

length of hospital stay [1, 2]. Elderly patients with coronary

heart disease are highly sensitive to body fluid volume

changes during GI surgery. Stress reactions increase

myocardial oxygen consumption and the incidence of

adverse cardiac events during the perioperative period in

patients with coronary heart disease [1]. The vasodilating

effect produced by anesthetics and anesthetic methods

induces relative hypovolemia. General anesthesia also

produces cardiac depression [1, 15]. In addition, preoper-

ative and postoperative fasting and other abnormal fluid

losses can result in long-term negative fluid balance [3].

Taken together, these factors may induce severe hemody-

namic instability.

Accurate evaluation of fluid status cannot be achieved in

patients undergoing GI surgery because of pathophysio-

logic changes due to the disease itself, preoperative bowel

preparation, intraoperative fluid loss, and stress reaction.

Normally, the body can compensate for a 25–30 % of loss

of effective circulating blood volume [3]. Because the

digestive tract is extremely sensitive to changes in fluid

volume, loss of 10–15 % of the effective circulating blood

volume may induce hypoperfusion of the GI tract [8]. A

hypoperfusion of the GI tract cannot be determined through

routine monitoring such as HR and BP, GI tract injury

during anesthesia may go unrecognized [2].

We used the Violeo/FloTrac monitoring system with

selected quantitative indicators such as CI, SVV, SVI, and

MAP and carried out GDT based on these data. The Vi-

oleo/FloTrac monitoring system uses the arterial pressure

cardiac output technique (APCO). Study has shown that

there is excellent correlation between APCO and CO

measured with the thermodilution method [6]. APCO is

based on analysis of the peripheral arterial waveform. The

machine continuously monitors and displays CO, CI, SV,

Table 1 Demographic and clinical data of the GDT and control

groups

Variable GDT group

(n = 30)

Control group

(n = 30)

p

Age (years) 68 (64, 73.25) 67 (63.75, 74) 0.557

Male sex 14 (46.7 %) 16 (53.3 %) 0.606

BMI (kg/m2) 21.64 (20.05,

26.25)

20.76 (19.41,

26.59)

0.340

NYHA grade 0.795

II 13 (43.3 %) 14 (46.7 %)

III 17 (56.7 %) 16 (53.3 %)

ASA grade 0.598

II 11 (36.7 %) 13 (43.3 %)

III 19 (63.3 %) 17 (56.7 %)

Severity of coronary artery disease

No. of diseased

vessels

0.594

1 21 (70.0 %) 19 (63.3 %)

2 9 (30.0 %) 17 (57.7 %)

Severity of

stenosis (%)

0.896

0–30 5 (12.5 %) 4 (13.3 %)

30–50 12 (40.0 %) 10 (30.0 %)

50–70 9 (30.0 %) 11 (36.7 %)

70–90 4 (13.3 %) 5 (16.7 %)

Previous MI 4 (13.3 %) 5 (16.7 %) 0.718

Underwent PTCA 8 (26.7 %) 7 (23.3 %) 0.766

Medications

Aspirina 27 (90.0 %) 26 (86.7 %) 1.000

Metoprolol

tartrateb
27 (90.0 %) 26 (86.7 %) 1.000

Clopidogrelc 9 (30.0 %) 8 (26.7 %) 1.000

Data are presented as the number (%) except for age and BMI, which

are presented as median (interquartile range: Q1, Q3) because the data

were not normally distributed

GDT goal-directed therapy, BMI body mass index, NYHA New York

Heart Association, ASA American Society of Anesthesiologists, MI

myocardial infarction, PTCA percutaneous transluminal coronary

angiography

* p \ 0.05, significantly different between groups
a Dosage: 100 mg/day
b Dosages: 23.75 mg/day (23 in GDT group, 24 in control group) and

47.5 mg/day (4 in GDT group and 2 in control group)
c Dosage: 75 mg/day
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SVI, and SVV and automatically adjusts vascular compli-

ance and resistance. Kobayashi et al. [7] reported that the

Violeo/FloTrac system has excellent sensitivity and spec-

ificity because the SVV is monitored by APCO. When the

SVV is 8–12 (normal range), there is excellent correlation

between it and fluid expansion, whereas an SVV of [12

indicates inadequate fluid volume [16]. Therefore, an SVV

of 8–12 was used as the target value in this study. We also

observed the PVI in this study. There was excellent cor-

relation between the PVI and variations in pulse oxygen

amplitude, and the PVI could be monitored continuously.

The PVI has been shown to be useful for evaluating body

fluid volume under general anesthesia with mechanical

ventilation and for guiding fluid therapy [17].

Although there are differences between the current study

and other related studies in the target value and monitoring

means, the results are similar. Pearse et al. [18] monitored

CO and DO2I using a pulse-induced contour cardiac output

(PiCCO) technique in patients undergoing abdominal sur-

gery. The DO2I was maintained at [600 ml/min/m2 using

colloids and crystalloids, and the length of hospital stay

and incidence of postoperative complications were

Table 2 Preoperative,

intraoperative, and

postoperative data of the GDT

and control groups

Continuous data are presented

as mean ± SD or median

(interquartile range: Q1, Q3)

when data were not normally

distributed. Categoric data are

presented as number (%).

Although the lengths of ICU

and hospital stays are long by

Western standards, they are

within the normal range for this

patient population in our

country

MAP mean artery pressure, GC

gastric cancer, CC colon cancer,

ICU intensive care unit, NA not

assessed

* p \ 0.05: significantly

different between groups

Variables GDT group (n = 30) Control group (n = 30) p

Perioperative fluid status

Heart rate (beats/min) 75.43 ± 10.07 74.6 ± 6.73 0.708

MAP (mmHg) 86 (78, 89) 87 (83.75, 89) 0.400

SpO2 97.5 (96, 98) 96 (94, 97) 0.024*

Temperature (�C) 36.6 (36.5, 36.8) 36.7 (36.5, 37) 0.118

pH 7.42 (7.35, 7.43) 7.41 (7.36, 7.43) 0.423

K (mmol/l) 3.9 (3.775, 4.55) 3.9 (3.6, 4.3) 0.240

Na (mmol/l) 145 (143, 146) 145 (143, 146.25) 0.652

Hemoglobin (g/l) 131 (121, 138.25) 125 (121, 129) 0.082

Hematocrit (%) 0.37 ± 0.04 0.38 ± 0.05 0.095

Ejection fraction (%) 57 (56, 62) 57 (56, 63) 0.688

Preoperative fast (h) 9 (8, 10) 9 (8, 10) 0.988

Operation

Duration (min) 180 (135, 195) 135 (120, 180) 0.118

Type 0.885

Gastrectomy 6 (20.0 %) 5 (16.6 %)

Radical gastrectomy for GC 4 (13.3 %) 6 (20.0 %)

Proctectomy 7 (23.4 %) 6 (20.0 %)

Partial small bowel resection 9 (30.0 %) 7 (23.4 %)

Radical colectomy for CC 4 (13.3 %) 6 (20.0 %)

Adverse cardiac events

Total 11 (36.7 %) 18 (60.0 %) 0.121

Serious arrhythmia 5 (16.7 %) 8 (26.7 %) 0.532

Congestive heart failure 3 (10.0 %) 4 (13.3 %) 1.000

Myocardial ischemia 2 (6.7 %) 4 (13.3 %) 0.671

Acute MI 1 (3.3 %) 2 (6.7 %) 1.000

Cardiac death 0 0 NA

Functional recovery and incidence of complications

Time to flatulence (h) 72 (57.75, 83) 90 (83, 97.25) \0.001*

Time to defecation (h) 86.5 (76, 95.25) 97 (89, 108) \0.001*

Time to resumption of liquid diet (days) 4 (3, 4) 4 (4, 5) 0.007*

ICU stay (h) 32.5 (25.8, 36.3) 47.5 (30.8, 56.3) \0.001*

Hospital stay (days) 18 (16, 22.25) 22 (19, 27) 0.001*

Time to extubation (min) 36 (30, 38) 45 (31, 57) 0.009*

Anastomotic leakage 1 (3.3 %) 3 (10.0 %) 0.612

Intestinal obstruction 1 (3.3 %) 0 NA

Severe nausea, vomiting 6 (20.0 %) 15 (50.0 %) 0.015*
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significantly lower in the experimental group than in the

normal fluid therapy group. Lopes et al. [9] used pulse

pressure variation as an indicator of fluid volume and found

that when maintained at\10 % the length of hospital stay

was significantly reduced in patients undergoing various

high risk surgeries. Noblett et al. [10] guided fluid therapy

with transesophageal echocardiography and found that it

could significantly decrease the length of hospital stay and

number of postoperative complications in patients under-

going elective colon resections. Recent meta-analyses have

Table 4 Comparison of

hemodynamic indexes over time

Data were summarized

mean ± SD for a given time

point by group

T1–T5 time points 1–5, HR heart

rate, CVP central venous

pressure, CI cardiac index, SV

stroke volume, SVV stroke

volume variation, PVI Pleth

Variability Index

* p \ 0.05, indicates that the

time trends were significantly

different among groups

Variable T1 T2 T3 T4 T5 p

HR (bpm)

GDT 75.4 ± 10.1 68.5 ± 8.9 76.6 ± 8.1 72.2 ± 8.4 77 ± 6.5 0.304

Control 74.6 ± 6.7 67.9 ± 9.0 76 ± 8.2 72.73 ± 8.4 73.4 ± 11.2

MAP (mmHg)

GDT 84.3 ± 5.1 68.2 ± 6.3 80.2 ± 6.1 77.8 ± 7.1 78.9 ± 5.4 0.001*

Control 85.0 ± 6.5 62.63 ± 7.3 76.8 ± 7.57 76.17 ± 5.8 75.93 ± 5.8

CVP (mmH2O)

GDT 6.13 ± 0.9 5.5 ± 0.9 9.6 ± 1.5 9.5 ± 1.2 10.9 ± 1.2 \0.001*

Control 6.3 ± 0.9 4.63 ± 0.9 8.33 ± 1.0 8.93 ± 2.0 9.2 ± 1.2

CI

GDT 3.3 ± 0.7 2.9 ± 0.5 3.8 ± 0.5 4.0 ± 0.5 4.1 ± 0.42 0.056

Control 3.31 ± 0.4 3.2 ± 0.5 3.8 ± 0.5 3.5 ± 0.5 3.7 ± 0.4

SV (ml)

GDT 67.2 ± 5.8 64.8 ± 1.0 75.3 ± 7.1 75.3 ± 7.1 77.3 ± 3.7 \0.001*

Control 64.5 ± 6.54 59.1 ± 7.12 62.27 ± 5.48 68.23 ± 4.85 73.53 ± 5.01

SVV (%)

GDT 13.0 ± 2.5 14.7 ± 1.2 9.2 ± 1.6 8.0 ± 1.5 8.6 ± 1.5 0.353

Control 12.5 ± 1.9 14.4 ± 1.5 8.5 ± 1.1 8.5 ± 1.9 8.6 ± 1.3

PVI (%)

GDT 12.6 ± 1.6 14.3 ± 1.4 14.7 ± 1.2 9.47 ± 1.6 9.47 ± 1.6 0.399

Control 12.2 ± 1.5 14.5 ± 1.4 14.4 ± 1.5 9.3 ± 1.62 9.4 ± 1.4

Table 3 Summary of fluid and vasoactive drug administration

Variable GDT group (n = 30) Control group (n = 30) p

Total intraoperative fluid infusion (ml) 2,650 (2400, 3200) 3,950 (2875, 4200) 0.001*

Amount of colloids (ml) 1,000 (900, 1100) 800 (600, 1000) 0.001*

Amount of crystalloids (ml) 1,550 (1400, 1925) 2,350 (2000, 2925) \0.001*

Amount of red blood cells (U) 0 (0, 1) 0 (0, 4) 0.407

Vasoactive drugs added 4 (13.3 %) 6 (20 %) 0.488

Intraoperative blood loss 200 (100, 362.5) 200 (100, 800) 0.622

Urine volume (ml)

During surgery 618 ± 239 800 ± 304 \0.001*

In ICU (24 h) 518 ± 330 870 ± 304 \0.001

POD 2 820 ± 350 780 ± 320 0.512

POD 3 780 ± 250 840 ± 230 0.416

Fluids infused during first 24 h after surgery (ml) 2,150 (1875, 2300) 2,100 (1900, 2225) 0.484

Continuous data were presented as median (interquartile range: Q1, Q3) and compared using Mann-Whitney U test because the data were not

normally distributed. Categoric data were presented as the number (%) and compared using Pearson’s v2 test. Rate of red blood cell application

(%) = RBC (U)/[RBC (U) ? whole blood (U)] 9 100 (%). Vasoactive substances are summarized as n(%) and compared using Fisher’s exact

test. Urine volume data are summarized as the mean ± SD by group and compared using the two-sample t test

POD postoperative day

* p \ 0.05, significantly different between groups
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also indicated that GDT can improve outcomes in patients

undergoing high-risk surgical procedures [11–13].

GDT is thought to lead to improved outcomes because

optimization of hemodynamic parameters results in less

tissue hypoxia during the intraoperative and postoperative

periods [2, 5, 8]. DO2I is an important physiologic indicator

reflecting tissue perfusion and oxygen content. It represents

the oxygen delivery rate of the heart to peripheral tissues

and reflects the total circulation capacity. We found that

DO2I was significantly lower in the control group compared

to the GDT group, which suggests that routine fluid therapy

leads to deficient intraoperative microcirculation perfusion.

However, the control group in our study received more

fluid. This unusual finding may be because in traditional

fluid management fluid is not supplied in an appropriate

volume when it is most required by the body. We also found

that the serum lactic acid was significantly lower in the

GDT group than in the control group, suggesting that GDT

can improve oxygen delivery to tissues. Lactic acid can

reflect the balance of tissue oxygen demand and accurately

reflects the severity of tissue hypoperfusion and shock.

Lactic acid is more sensitive than the HR, arterial pressure,

or CO in reflecting hypovolemia. Clinical studies have

shown that increased lactic acid levels are associated with

mortality and organ failure in critically ill patients [19].

There were some limitations to this study that should be

considered. The study was a single-center study with a

relatively small sample size. Additionally, the study

focused on a specific population: elderly patients with

coronary heart disease undergoing GI surgery. Thus, the

results may not be generalizable to patients with other

medical condition undergoing different surgeries. We

excluded certain patient populations (ASA grade [III, age

[80, BMI[24 kg/m2, cases in which excessive blood loss

was anticipated) because these conditions are associated

with increased surgical and anesthetic risk and we did not

believe it was ethical to include patients with these attri-

butes to receive what is essentially an experimental method

(i.e. GDT). Nitroglycerin use and preoperative dehydration

were exclusion criteria: Nitroglycerin influences the Vi-

oleo/FloTrac system. Patients who were dehydrated prior

to surgery were excluded because we wanted the baseline

fluid characteristics of both groups to be similar. Lastly, a

power analysis was not performed prior to the study. A

post-hoc analysis indicated that the sample size was too

small to detect the observed difference in the adverse event

rate between the two groups.

Conclusions

In this study of elderly patients with coronary heart disease

undergoing GI surgery, GDT was associated with shorter

ICU stay, faster return of GI function, less nausea and

Table 5 Comparison of arterial blood gas indexes over time

Variable Before

anesthesia

After anesthesia

induction

At beginning of

surgery

At 1 hr after beginning of

surgery

At completion of

surgery

p

PaO2 (mmHg)

GDT 363.9 ± 78.0 353.9 ± 74.1 357.5 ± 69.1 359.6 ± 72.4 355.3 ± 48.1 0.820

Control 350.3 ± 62.3 339.7 ± 63.4 363.6 ± 60.4 349.9 ± 60.5 377.2 ± 43.2

PaCO2 (mmHg)

GDT 33.3 ± 2.4 32.9 ± 3.7 32.9 ± 2.8 33.9 ± 1.3 33.2 ± 3.0 0.083

Control 33.2 ± 1.4 33.23 ± 2.0 33.33 ± 2.7 34.8 ± 3.1 34.2 ± 1.7

pH

GDT 7.4 ± 0.04 7.4 ± 0.04 7.4 ± 0.1 7.4 ± 0.04 7.40 ± 0.04 0.198

Control 7.40 ± 0.04 7.39 ± 0.04 7.38 ± 0.04 7.4 ± 0.04 7.39 ± 0.04

HCO3

GDT 24.2 ± 0.2 24.2 ± 0.3 24.2 ± 0.2 24.0 ± 0.4 23.9 ± 0.5 0.115

Control 24.2 ± 0.2 24.2 ± 0.5 24.2 ± 0.3 24.1 ± 0.4 24.1 ± 0.3

DOI2

GDT 443.8 ± 38.3 445.1 ± 29.3 459.8 ± 41.4 455.3 ± 30.2 456.5 ± 47.2 0.006*

Control 448.0 ± 29.4 438.9 ± 35.9 433.2 ± 27.0 430.43 ± 51.7 440.9 ± 47.1

Lactic acid (mmol/l)

GDT 0.91 ± 0.04 0.95 ± 0.10 1.09 ± 0.20 1.23 ± 0.24 0.97 ± 0.18 \0.001*

Control 0.90 ± 0.08 1.2 ± 0.22 1.79 ± 0.41 2.14 ± 0.85 2.54 ± 0.77

Data are summarized as the mean ± SD for a given time point, by group

* p \ 0.05, indicates the time trends were significantly different between groups

2828 World J Surg (2013) 37:2820–2829

123



vomiting, and better hemodynamic indices than in patients

managed with traditional fluid therapy. However, GDT was

not associated with fewer adverse cardiac events.
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