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ABSTRACT

Background and Aims: Advanced monitoring targeting haemodynamic and oxygenation variables
can improve outcomes of surgery in high-risk patients. We aimed to assess the impact of goal
directed therapy (GDT) targeting cardiac index (Cl) and oxygen extraction ratio (O,ER) on outcomes
of high-risk patients undergoing abdominal surgery. Methods: In a prospective randomised trial,
forty patients (American Society of Anaesthesiologists Il and Ill) undergoing major abdominal
surgeries were randomised into two groups. In-Group A mean arterial pressure = 65 mmHg,
central venous pressure = 8—10 mmHg, urine output = 0.5 mL/kg/h and central venous oxygen
saturation = 70% were targeted intra-operatively and 12 h postoperatively. In-Group-B (enhanced
GDT), in addition to the monitoring in-Group-A, Cl = 2.5 L/min/m? and O,ER < 27% were
targeted. The end-points were lactate levels and base deficit during and after surgery. The
secondary end points were length of Intensive Care Unit (ICU) and hospital stay and postoperative
complications. Wilcoxon Mann Whitney and Chi-square tests were used for statistical assessment.
Results: Lactate levels postoperatively at 4 and 8 h were lower in-Group-B (P < 0.05). The
mean base deficit at 3, 4, 5 and 6 h intra-operatively and postoperatively after 4, 8 and 12 h were
lower in-Group-B (P < 0.05). There were no significant differences in ICU stay (2.10 + 1.52 vs.
2.90 + 2.51 days) or hospital stay (10.85 + 4.39 vs. 13.35 + 6.77 days) between Group A and B.
Conclusions: Implementation of enhanced GDT targeting Cl and OER was associated with
improved tissue oxygenation.
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INTRODUCTION

techniques such as the pulmonary artery catheter,”
oesophageal Doppler™® and pulse contour analysis

Despite advances in anaesthetic techniques and
monitoring, the outcomes in certain high-risk groups
remain very high.! Goal directed therapy (GDT) was
introduced with the aim of improving the outcomes
in this group. Surgery imposes a stress response that
increases oxygen demands. Studies have shown that
an inability to increase the supply to the tissues is
associated with poorer outcomes after surgery.!

Improving the cardiac output (CO) and oxygen
delivery (DO,) to meet the tissue demands under
stress has been the principle underlying GDT. The
targets have been achieved by various monitoring

systems (LidCO Plus”, PiCCO", Flotrac-Vigileo™).>%
In our study we used the pulse contour derived CO
monitor (FloTrac-Vigileo™) that has found to be a
reliable indicator of CO. Assessment of tissue perfusion
by various end points namely lactate, base deficit and
tissue partial pressure of carbon dioxide have been
evaluated and can be considered as a reflection of
tissue oxygenation.”

Imbalance between the oxygen demand and supply
manifests in increased levels of lactate and increase
in base deficit. An objective measure is the oxygen
extraction ratio (O,ER) that is derived from the

undergoing abdominal surgery. Indian J Anaesth 2015;59:228-33.

How to cite this article: Kumar L, Kanneganti YS, Rajan S. Outcomes of implementation of enhanced goal directed therapy in high-risk patients

228

Indian Journal of Anaesthesia | Vol. 59 | Issue 4 | Apr 2015



Kumar, et al.: Enhanced GDT results in improved tissue oxygenation in high-risk abdominal surgeries

mathematical equation, O,ER = (SaO,—Sv0O,)/Sa0,
X 100. A high O,ER is the common precedent for
postoperative organ dysfunction in major abdominal
surgeries.!” We aimed to improve the DO, to the tissues
by targeting an O,ER < 27% in the treatment group.

METHODS

Based on the key article by Rivers et al.¥!, with a mean
difference of 3.1 for base deficit among the two groups
(2 = 6.6 vs. 5.1 + 6.7) with 95% confidence limit, the
sample size calculated was 36 in each group. However,
due to constraints in time and availability of the CO
monitor, our study was restricted to 20 patients in
each group. After approval from the Institutional
Ethics Committee and obtaining informed consent,
40 patients (American Society of Anaesthesiologists
physical status II and III) undergoing high-risk
abdominal surgery were randomly allocated to one
of the two groups by numbers generated on the
random number table; in Group A, we targeted mean
arterial pressure (MAP) =65 mmHg, central venous
pressure (CVP) =8-10 mmHg, urine output (UO)
>0.5 mL/kg/h and central venous oxygen saturation
(ScvO,) =70% during the surgery and the first 12 h
postoperatively [Figure 1].

Group-B was the enhanced GDT group in whom in
addition to the targets as mentioned above, advanced
CO monitoring was obtained by an arterial pressure
analysis with Edwards Lifesciences FloTrac/Vigileo™
targeting a goal (cardiac index [CI] =2.5 L/min and
O,ER = 27%). This was instituted during surgery and
for the first 12 h postoperatively [Figure 2].

The surgeries in study patients included abdominal
aortic aneurysm, bowel obstructions, mesenteric
ischemia, bowel malignancy involving resection

[MAP > 65mm of hg, urine output > 0.5ml/kg Scv0,> 70%
YES NO YES NO
CVP (8-12) mm of Hg CVP < 8 mm of Hg ’ DO NOTHING ‘ Sev0, < 70% ‘
Volume challenge
500 ml crystalloid

MAP > 65 mm of Hg
CVP > 8mmofhg |

NO J
250 ml Colloid
VAP > 6 o YES Hematocrit > 30%
AP > 65 mm of Hg|
CVP > 8 mm of Hg

NO

DO NOTHING

YES

Blood transfusion
Maintain hematocrit > 30%

Inotropes
Dobutamine

Vasoactive agents
Dopamine, Noradrenaline

[ ReevaLuaTEAFTERSMINUTES ||

Figure 1: Group A protocol
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and anastomosis. Those with renal dysfunction,
liver dysfunction, poor cardiac reserve with ejection
fraction < 35%, those undergoing hepatic resections or
any condition that contraindicated fluid resuscitation
were excluded.

All patients were evaluated preoperatively and
premedicated according to protocols unless bowel
obstruction was present. All patients had an epidural
and an arterial line inserted under local anaesthesia
prior to the induction of anaesthesia. Anaesthesia
was induced with fentanyl 2 mcg/kg, midazolam
0.02-0.05 mg/kg and propofol titrated to loss of
verbal response. The patients were intubated with
vecuronium 0.1 mgkg or with suxamethonium
1.5 mg/kg. Central venous cannulation was performed
using the right jugular access or the right subclavian
with a 7.5 Fr catheter. Anaesthesia was maintained
with 1% isoflurane in 40% oxygen and air with
intermittent top ups of muscle relaxant. In the study
Group-B, the FloTrac/Vigileo™ was connected and CI,
O,ER were monitored.

Readings of heart rate (HR) blood pressure (BP), UO,
ScvO,, CI and O,ER were noted every hour during
surgery and 4™ hourly in the first 12 h postoperatively.
The base deficit and serum lactate levels were
considered to reflect tissue perfusion per operatively
and the readings were obtained hourly from the blood
gas analysis.

In Group-A, CVP was targeted with boluses of
crystalloids or colloids, MAP with fluids or Inotropes/
vasopressor (noradrenaline, dopamine) and ScvO,
measured hourly was maintained with fluids,
transfusions targeting a haemoglobin =10 g/dL and
by infusions of dobutamine according to the protocol
outlined [Figure 1].
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Figure 2: Enhanced GDT (Group B) protocol
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In the enhanced GDT group, the CI was maintained
within the desired range throughout surgery by
administering boluses of crystalloid, 4% hydroxyethyl
starch and blood transfusions when indicated. The
use of Inotropes/ vasopressor dopamine, dobutamine
or noradrenaline, was in accordance to the
protocol [Figure 2]. The O,ER was calculated hourly
using the formula O,ER = (SaO,—ScvO,)/Sa0, X 100.
SpO, was obtained from pulse-oximetry and ScvO,
from central venous blood gas analysis measured
hourly.

At the end of surgery, patients considered stable
were extubated while patients with haemodynamic
instability or hypothermia were electively ventilated.
Both groups of patients were shifted to Intensive Care
Unit (ICU), and readings were obtained at 4™ hourly
intervals for 12 h postoperatively.

The primary end points were levels of lactate and base
deficit intra-operatively and for 12 h postoperatively.
Secondary outcomes were length of ICU stay, length of
hospital stay, organ dysfunction, need for ventilation
and postoperative complications.

Mean and standard deviations were calculated for all
quantitative variables using IBM SPSS 15.0 statistical
software, P < 0.05 was considered significant.
Wilcoxon Mann Whitney test was used to compare the
values of base deficit, lactate levels, ICU stay, hospital
stay, intra-operative fluid usage and demographic
variables. The Chi-square test was used to find out
the association between postoperative ventilation and
gender.

RESULTS

The demographic variables and surgical profile in both
groups were similar. Table 1 denotes the distribution
of various types of surgeries the patients underwent
in both the groups. The duration of surgery was
comparable between groups A and B (4.62 £ 1.47h and
4.46 * 1.38h) respectively. Figure 3 shows thelactate
levels during and after surgery in both groups. The
baseline values of lactate in both the groups were
similar (P = 0.786). Although a trend towards higher
lactate levels were seen in-Group-A at 2, 3 and 4 h,
this was not statistically significant. The highest value
of lactate was found to be 6.3 mmol/L in-Group-A
patients as compared to Group-B patients in whom the
highest lactate level was only 4.8 mmol/L [Figure 3].
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There was a trend towards decreasing lactate in both
groups postoperatively. However, lower levels were
seen at 4 and 8 h and a trend towards lower levels was
seen in Group-B even at 12 h after surgery [Figure 3].

Figure 4 shows the mean values of base deficit measured
hourly intra-operatively and postoperatively. The
mean values of base deficit intra-operatively were less
in Group-B compared to Group-A at 3, 4, 5 and 6 h of
surgery. The highest base deficit observed in Group-A
was — 8.8 mmol/L in as compared to that in Group-B in
whom the highest value was — 6.3 mmol/L. The values
in Group-B after surgery were significantly lesser than
Group-B at all-time points [Figure 4].

In Group A and B, the length of ICU stay (2.90 + 2.51 vs.
2.10 = 1.52 days) or hospital stay (13.35 = 6.77 vs.
10.85 * 4.39 days) was not significantly different

Table 1: Distribution of number of patients undergoing

different surgeries

Type of surgery n=20
Group-A Group-B

Small bowel resection with ischemic bowel 1 2
Infra-renal aortic aneurysm 2 1
Hemicolectomy 4 5
Small bowel resection without ischemic bowel 1 1
Whipple’s resection 3 5
Anterior resection 7 5
Distal gastric resection 1 1
Total gastrectomy 1 0
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Figure 3: Intraop and postop lactate
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[Table 2]. The fluid requirements were higher in
Group-B (5.31 = 1.92 vs. 4.69 = 1.61 L) but they
were not significant. The use of inotropes although
marginally higher in Group-B was not statistically
different from Group-A [Table 2].

Two patients in Group-A and 1 patient in-Group-B
needed ventilation postoperatively, which was
comparable (P = 1.00, Table 3). Seven patients
in-Group-A and three patients in Group-B developed
postoperative complications [Table 3].

DISCUSSION

The emphasis on haemodynamic goals began with the
study by Rivers et al.l” in patients with sepsis in the first
6 h wherein the strategy of ScvO, = 70% in addition to
standard care management reduced the mortality from

Table 2: Comparison of fluid requirements, ICU and
hospital stays

Variables Group-A Group-B P
n MeantSD n MeantSD

Fluids (L) 20 4.69+1.61 20 5.31+1.92 0.392

ICU stay (days) 20 2904251 20 2.10+1.52 0.424

Hospital stay (days) 20 13.3546.77 20
ICU — Intensive Care Unit, SD — Standard deviation

10.85¢4.39  0.328

Table 3: Comparison of postoperative ventilation and

distribution of postoperative complications among groups

Postop ventilation & complications n (%) P

Group-A Group-B

Postoperative ventilation requirement

Yes 2 (10) 1(5) 1.00
No 18 (90) 19 (95)
Postoperative complications
Infection
Pneumonia 0 0
Abdominal 0 0
Urinary tract 0 0
Wound 1 0
Respiratory
Pulmonary embolism 0 0
Respiratory support >24 h 1 2
Cardiovascular
Arrhythmia 1 0
Hypotension 0 0
Myocardial infarction 0 0
Abdominal
Anastomotic leak 1 1
Paralytic ileus 2 0
Bowel distension, bowel obstruction 1 0
Renal
Urine output <500 mL/day 0 0
Acute renal failure 0 0
Postoperative death 0 0

Total number of complications 7 (35) 3 (15)
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46.5% to 30.5%. The principles in management have
been extended to the management of high-risk surgical
patients also. In the above study maintaining a ScvO,
above 70% also resulted in reduced lactate and base
deficits and improved outcomes. We compared the
impact of targeting CI and tissue oxygenation measured
by O,ER as an enhancement of GDT guided by ScvO, in
high-risk patients. We evaluated the effects of targeting
CI = 2.5 L/min/m* and O,ER on the tissue perfusion
intra- and post-operatively by measurements of serum
lactate and base deficit. We found that the base deficit
was significantly less intra- and post-operatively in
the enhanced GDT group. In addition, a trend towards
lower lactate intra-operatively and significantly lower
values postoperatively at 4 h and 8 h were noted in the
enhanced GDT group even with the limited numbers
of patients enrolled in our study.

Lactate levels have been considered as a reflection of
tissue hypoxia and trends in lactate have been used to
predict recovery.'™ The crystalloids (Ringer’s lactate,
normal saline) and colloids used in both groups
were similar. As per prevailing protocols, both the
crystalloids were used equally and were comparable
between both the groups. We had excluded patients
with hepatic dysfunction as they would have an
inability to metabolise lactate and hypothesised that
the lactate in Ringer’s lactate would be metabolised
to bicarbonate. Blood transfusions were administered
as per the protocol or when losses exceeded 10% of
estimated blood volume. The need for transfusion
was limited, only 3 patients in Group-A and 2 in
Group-B needed blood replacement. The pre- and
intra-operative lactate levels were similar in both
groups and the mean value of lactate was found to
be lower in Group-B (1.67 * 0.49) mmol/L than in
Group-A (2.24 = 1.14) mmol/L. We hypothesised
that the fluid and haemodynamic resuscitation in the
enhanced GDT could have contributed to the improved
tissue perfusion represented by lactate levels.

The base deficit or the acidosis reflects a metabolic
acidosis resulting from inadequate tissue oxygenation.
Evaluation of the trends in base deficit is a prognostic
guide for resuscitation.!'” The baseline base deficit
levels were not statistically significant (P = 0.705) and
both groups were comparable. The mean values of base
deficit were found to be statistically significant after 3,
4,5 and 6 h of surgery. The highest base deficit observed
in Group-A was — 8.8 mmol/L as compared to that in
Group-B where the highest value was — 6.3 mmol/L.
This could be because the fluid and haemodynamic
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targeted Group-B probably had a better tissue perfusion
and better acid base profile than the Group-A. However,
the intervention to keep ScvO, = 70% in Group-A
could have resulted in improved tissue perfusion in
comparison with standard care.

There has been considerable interest in ways
of identifying high-risk patients for surgery and
identifying strategies to reduce their disproportionately
high mortality.[**Y High-risk may be related to patient
as well as surgical factors and has been identified to
include surgery for aortic aneurysm, bowel resection
with anastomosis, cardio-respiratory illness, massive
blood loss and renal dysfunction.™

Careful monitoring of fluid administration by
individualised GDT has been shown to reduce organ
failure and hospital stay.*5'?l In our study we found
that although there was a reduction in the length
of stay in the hospital (13.35 vs. 10.85 days) and
ICU (2.90 vs. 2.10 days) in the enhanced GDT group,
these values were not significant. The enhanced GDT
group appeared to have fewer complications (7 vs. 3)
but the numbers were too small for significance.

Complex surgeries are associated with an increased
stress response and an increased oxygen demand.
Length of ICU and hospital stay is increased in
high-risk patients in whom preoperative risks are
high and unavoidable. Strategies to detect and treat
potential triggers like tissue perfusion are important
in the high-risk population.*®! Patients unable to
meet the oxygen demands had a higher incidence
of complications and death. As the tissue demands
increase, the extraction of oxygen increases until it
reaches a critical value of DO, beyond which tissue
hypoxia occurs. The impact of oxygenation and
positive influence on outcomes has been shown in
several studies.!'*1%!

Donati and colleagues had shown that maintaining
tissue DO, reduced organ failure and length of hospital
stay.®! They found significantly lower length of
hospital stay and number of organ failures in patients
randomised to receive GDT starting intra-operatively
and in whom the OER was maintained at <27%. They
concluded that perioperative augmentation of DO,
through GDT was associated with improved outcome.

Pearse and his colleagues evaluated the effects of
postoperative GDT targeting DO, in 60 patients
undergoing high-risk surgery.”! In this study, patients
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were randomised to receive GDT targeting an oxygen
delivery index of = 600 mL/min. They concluded
that the GDT group patients had shorter duration of
hospitalization and lesser complication rates than the
control group.

We also evaluated the effect of tissue oxygenation as
reflected by lactate levels and base excess on outcomes
with and without targeting O,ER between similar groups
of patients. We obtained the value of O,ER from a simple
mathematical difference between the arterial and
central venous saturations instead of the mixed venous
saturations, which is a close estimate to the O,ER. This
did not involve any extra invasive lines for the patients
and provided an appropriate representation in the
balance between DO, and consumption (SaO,-ScvO,/
Sa0, X 100). In most patients, this was easily achieved
during anaesthesia. In those patients with a value >27%,
the target was obtained by either improving CI or by
increasing the FiO, delivered. As an oxygenation target,
we found that attention to this value could have been
associated with better tissue perfusions and outcomes
in the GDT group. However, assessments of O,ER were
performed only hourly and could have been improvised
with continuous ScvO, measurements using specialised
central venous catheters. The measurements of O,ER
were dependent upon ScvO, which was targeted
in-Group-A as well and could have limited the positive
impact of GDT in the study group.

Goal directed therapy with larger volumes of fluid
resuscitation has been controversial in terms of
postoperative recovery.'” Studies targeting GDT while
improving outcomes have always been associated with
larger volumes of fluid replacement.!*%* In our study,
we targeted fluid administration in Group-A to achieve
a ScvO, > 70% and enhanced haemodynamic targets
in Group-B. Although this did not comply with the
restrictive strategy, we did not observe postoperative
complications relating to bowel oedema or delayed
bowel recovery in either of the groups.

The CO monitor used, the FloTrac/Vigileo™ works
on the analysis of the arterial pressure tracing and
has found to be a reliable indicator of CO.!' This
concept of pulse contour analysis is based upon the
relationship between the BP, stroke volume, arterial
compliance and systemic vascular resistance (SVR).["%
The stroke volume and the CO can be calculated from
the arterial pressure waveform if the compliance
and SVR are known. The FloTrac system is operator
independent, needs no external calibration and
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requires only a peripheral arterial catheter. We used
the FloTrac/Vigileo™ for ensuring the target CI while
need for fluids or vasopressors was assessed by other
haemodynamic parameters as outlined in the figures
[Figures 1 and 2].

CONCLUSIONS

Enhanced GDT targeted at CI and O,ER resulted in
lesser values of lactate and base deficit and correlated
with better tissue oxygenation.
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