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ABSTRACT

Background: Fluid management during thoracic anaesthesia is a challenge for the anaesthe-
siologists. The “safe zone” between volume overload (pulmonary oedema risk) and hypovole-
mia (renal failure risk) remains to be narrow and hard to determine.

Purpose: The aim of the present study was to assess goal-directed fluid therapy using
cardiometry versus restrictive fluid therapy during one-lung ventilation in patients planned
for having thoracic surgery.

Methods: After receiving the Ethics Committee approval and taking an informed written
consent, a prospective randomized study was conducted. Fifty adult patients of both genders
were scheduled for thoracic surgery with one lung ventilation.

Patients were randomly categorized using closed envelope technique into two equal groups
(25 patients each). Group I: a number of 25 patients underwent thoracic surgery and were
managed with goal directed fluid therapy using intraoperative cardiometry. Group Il: a number
of 25 patients underwent thoracic surgery and were managed with intraoperative restrictive
fluid therapy.

Results: There was a significantly increased serum lactate level, serum creatinine with
decreased urine output in restrictive therapy group (RT) by the end of the surgery, immediately
postoperative and 6 h postoperative (p value of <0.001). The restrictive hypoxic index values
were much higher than the goal directed group values, yet, both were of normal range and no
patient suffered of lung injury. A significant increase in serum neutrophil gelatinase-associated
lipocalin (Ngal) in the restrictive therapy group compared to the goal directed therapy group.
(p value of <0.001).

Conclusion: From these results, we concluded that patients undergoing thoracic surgery are
preferably to be maintained over goal directed therapy protocol using electrical cardiometry.
Fluid restriction is better to be individualized and aided by new technologies based on beat-to-
beat variations.
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1. Introduction
ventilation is increasingly becoming a concern. PEEP

Fluid therapy is an important and life-saving part of
perioperative management. The therapeutic goal of
fluid therapy is to improve preload leading to optimized
stroke volume and cardiac output [1].

Thoracic surgeries are from the major surgeries that
have a mortality risk of 1% to 7% caused by how much
of lung tissue compromized. This risk is also augmen-
ted by surgical trauma caused by the removal of lung
tissue, single lung ventilation and the worsening in
pulmonary vascular resistance adds another risk [2].

The excess in fluid administration and pulmonary
oedema after thoracic surgery were reported. So, the
fluid (amount and type) given around thoracic surgery
(during and after) has been a challenge [2].

One lung ventilation (OLV) poses a huge challenge
to the anaesthesiologist. OLV is not a must for thoracic
procedures, yet, lung injury induced by one-lung

and low tidal volume ventilation are recommended as
important lung protective measures together with low
oxygen concentration [2].

Perioperative fluid therapy has a direct effect on
surgical outcome. Prescriptions should be individua-
lized to the needs of the patient as regards fasting,
anaesthesia and surgery [3].

The goal-directed therapy (GDT) uses cardiac output
and its parameters as a guide for fluid administration in
order to improve tissue perfusion and oxygenation by
increasing oxygen delivery. It was used in surgical patients
to get normal or supernormal values of cardiac output
and oxygen delivery and avoid the oxygen debt due to
the perioperative rise in oxygen consumption. Several
meta-analysis, clinical trials, and reviews showed its effec-
tiveness, so, many societies published many guidelines
that proposed its use in high-risk surgical patients [4].
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With the new advances in haemodynamic monitor-
ing devices, the utilization of cardiovascular measure-
ments as stroke volume variations (SVV) or pulse
pressure variations (PVV) has been recommended
along with applying algorithms for maximizing cardiac
output (COP) and oxygen delivery [4].

2. Patient and methods

After receiving approval from the Ethics Committee of
the Faculty of Medicine and an informed written con-
sent from patients, a prospective randomized study was
performed. Fifty patients of both genders, according to
sample size calculation, adult age (18-60) years, physical
status American Society of Anaesthesiologists (ASA)
I and Il who were scheduled for thoracic surgery using
one lung ventilation, admitted to Alexandria Main
University Hospital. All the operations were conducted
by the same surgical team.

Patients were randomly categorized using closed
envelope technique into 2 equal groups (25 patients
each as calculated by the biostatistical department in
the high institute of public health, Alexandria
University): goal-directed fluid therapy group using
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cardiometry and restrictive fluid therapy (RT) group.
Patients with an ASA grade lll and more, obesity class
Il (body mass index =35 kg/mz), pregnancy, frequent
ventricular extra-systoles and haemodynamic instabil-
ity, one-lung ventilation less than 1 h together with
hepatic, renal or cardiac patients were excluded
(Figure 1).

The primary outcome was to evaluate and study the
effects of goal-directed fluid therapy versus restrictive
fluid therapy on lung, kidney and systemic perfusion
during one-lung ventilation in thoracic surgery. The
secondary outcome is assessing the effects of both
fluid therapies on haemodynamic response.

Standard general anaesthesia was induced by intra-
venous fentanyl (2 pg/kg), propofol (2.5 mg/kg) and
rocuronium (0.6 mg/kg) to facilitate endotracheal intu-
bation. A left-sided double-lumen tube was inserted
and adjusted using a fiberoptic bronchoscope.
Anaesthesia will be maintained with isoflurane (1
Mac). Incremental doses of rocuronium will be used
for further relaxation.

In goal-directed fluid therapy group using cardio-
metry, the non-invasive cardiac output monitoring
device (ICON, Osypka Medical, Berlin, Germany) will

Enrollment

Assessed for eligibility
(n=82)

Exclude (n=32)

e Patients were admitted to ICU
preoperatively for instability (n=9).
e One lung ventilation < lh (n=3).

e Declined to participate (n=17).
e Died before the studv (n=3).

Randomized (n=50)

Allocation

Allocated to intervention (n=25) (RT) group

e Received allocated intervention (n—25) (cases)
o Did not receive allocated intervention (n—0)

Allocated to intervention (n=25) (GDT) group

e Received allocated intervention (n—25)
¢ Did not receive allocated intervention (n—0)

Follow-up

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analysis

Analysis (n—25)
Excluded from analysis (n—0)

Figure 1. Study design.

Analysis (n-25)
Excluded from analysis (n—0)




50 M. M. O. M. ZIDAN ET AL.

be attached to the patient using four electrodes. Two
electrodes will be on the left side of the neck, the two
other electrodes on the left side of the chest opposite
to the xiphoid process at the mid-axillary line.

Fluid management in both groups was maintained
as demonstrated in the flow chart in Figure 2.
Haemodynamic parameters were monitored continu-
ously including heart rate (Beats/min), invasive mea-
surement of mean arterial blood pressure (in mmHg)
and oxygen saturation (SpO,%) along with end tidal
carbon dioxide (mmHg). All previous parameters were
continuously monitored and recorded before starting
anaesthesia except for end tidal carbon dioxide was
measured immediately after intubation and every
30 min until the end of surgery.

Intraoperative laboratory investigations for assess-
ment of tissue perfusion: as in haemoglobin level (g/
dl), serum lactate (mmol/l), central venous oxygen
saturation (ScVO,) (%) and hypoxic index (HI). All

were recorded after induction as a baseline record,
15 min after one-lung ventilation and 15 min after
termination.

Intraoperative fluids and infusions as in total
amount of blood losses, total amount of packed red
blood cells received (ml), total amount of fresh frozen
plasma received, number of patients who received
noradrenaline, number of patients who received dobu-
tamine in the goal-directed therapy group, amount of
crystalloid boluses, amount of colloid boluses, urine
output (ml/h) and diuretics given if any.

Intraoperative data in goal-directed fluid therapy
group were stroke volume variation (SVV), cardiac
index (Cl) and thoracic fluid content (TFC). SVV was
controlled at 10% and continuously monitored. Any
increase above 10% was recorded and colloid infusion
was started. Another recording of the SVV was recorded
at the end of colloid infusion. Monitoring was stopped
when spontaneous ventilation is resumed.

[ Fluid flow chart of the intraoperative period in both groups. ]
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Figure 2. Fluid flow chart of the intraoperative period in both groups.



Cl was controlled at a minimum of 2.5 I/min/m? and
continuously monitored. Any decrease was recorded
and dobutamine infusion was started. Monitoring was
stopped when spontaneous ventilation is resumed.

TFC recording started 15 min after the initiation of
OLV, then another recording was done 15 min after the
termination of OLV.

Postoperative data were recorded as lung perfusion
parameters (HI and arterial blood gases), kidney perfu-
sion measurements (urine output (UOP), serum creati-
nine (sCr), creatinine clearance and serum neutrophil
gelatinase-associated lipocalin (Ngal)) and systemic
perfusion measurements (serum lactate, haemoglobin
level, central venous oxygen saturation and hematocrit
level). All were measured in both groups first at the
intensive care admission as 0 hour and then 6 h, 12 h
and 24 h in the postoperative period except for Ngal
was recorded 6 h after surgery.

3. Results

Data were entered to the computer and was processed
by IBM SPSS software package version 20.0. (Armonk,
NY: IBM Corp). Qualitative data were presented as
numbers and percent. The Kolmogorov-Smirnov test
was utilized to verify the normality of distribution.
Quantitative data were presented as range (minimum
and maximum), mean, standard deviation and median.
Significance of the obtained results was judged at the
5% level. The used tests were Chi-square test for cate-
gorical variables comparing between different groups,
Fisher's Exact or Monte Carlo correction for correction
for chi-square (when >20% of the cells have expected
count less than 5), Student t-test used for normally
distributed quantitative variables among the two stu-
died groups and Mann-Whitney test for abnormally
distributed quantitative variables among the two stu-
died groups.

The two studied groups showed no significant dif-
ference in age, gender and body mass index. Also,
there were no significant difference regarding the

Table 1. Intraoperative and postoperative urine output (ml/h).
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type of operation, duration of surgery and OLV
together with haemodynamic parameters, haemoglo-
bin and heamatocrit.

A significant decrease in urine output in RT group in
the third hour of intraoperative period, immediate and
6 hours postoperatively was reported (p value of
<0.001) (Table 1).

A significant increased serum lactate level (Figure 3),
creatinine (Figure 4) and creatinine clearance levels
with decreased bicarbonate level (Figure 5) in the RT
group at the end of the surgery, immediate and
6 hours postoperatively was plotted. However, it
returned to be of no statistical significant difference
among the two groups at 24 hours postoperatively.

A statistically significant decrease was in ScVO, in RT
group at 15 minute after OLV and 15 minutes after the
termination of OLV (p value of <0.001) (Figure 6).

The HI was of no statistically significant difference
the whole intraoperative values and the post-operative
period. The restrictive HI values were much higher than
the GDT group values, yet, both were higher than 300
and both groups were of normal range and no patient
suffered of lung injury throughout the surgery or in the
whole 24 hours of the post-operative period.

No significant difference in the total amount of
blood losses, total amount of packed red blood cells
(PRBCs) and fresh frozen plasma (FFP) received was
reported. A statistically significant was increase in the
amount of crystalloid infusion received in GDT group
when compared to RT group. (p value of <0.001) While
the amount of colloid boluses received were insignif-
icant between both groups till the end of the study
(Table 2).

There was a significant statistic increase in the TFC
in the GDT group in the interval of 15 minutes after
termination of OLV than 15 minutes after the start of
OLV (Figure 7).

Acute kidney injury (AKI) occurred in four patients
(26%) of the RT group while no patients experienced
the same complication in the GDT group. Yet, there
were no significant difference among both groups.

Urine output (ml/h) ‘GDT Median (Min. - Max.) “RT Median (Min. — Max.) 8] p
Intra-operative period

1st hour 50.0 (50.0-100.0) 50.0 (25.0-100.0) 287.0 0.562
2nd hour 50.0 (50.0-100.0) 50. (25.0-100.0) 230.0 0.074
3rd hour 50.0 (50.0-100.0) 50.0 (25.0-50.0) 140.00 <0.001*
4th hour 50.0 (50.0-50.0) 50.0 (50.0-50.0) 24.50 1.000
Postoperative period

0 hour 50.0 (50.0-100.0) 50.0 (50.0-100.0) 175.00* <0.001*
6 hours 300.0 (200.0-400.0) 250.0 (150.0-300.0) 100.00* <0.001*
12 hours 350.0 (250.0-450.0) 350.0 (100.0-450.0) 3025 0.839
24 hours 600.0 (450.0-800.0) 600.0 (300.0-750.0) 256.5 0.269

U: Mann-Whitney test.

p: p value for comparing between the two groups.

*: Statistically significant at p < 0.05.

Data was expressed by using Median (Min. - Max.)
‘GDT: Goal-directed therapy.

"RT: Restrictive therapy.
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Table 2. Intraoperative blood loss, fluids and blood products transfused in both groups.

Mean + SD.

‘GDT “RT P value
Total amount of blood losses (ml) 568.0 + 172.5 580.0 + 197.9 0.906
Total amount of packed red blood cells received (ml) 3333+ 1250 400.0 £ 129.1 0.258
Total amount of fresh frozen plasma received (ml) 285.71 + 106.9 306.7 + 103.3 0.655
Amount of crystalloid (ml) 1720.0 £ 291.5 912.0 + 104.4 <0.001*
Amount of colloid (ml) 125.0 + 27.39 130.0 + 31.62 0.739
Total amount of noradrenaline 19.21 £ 6.83 28.14 £ 6.32 0.040*
Number of patients who received noradrenaline 3(12.0%) 16(64.0%) <0.001*

p: p value for comparing between the two groups.
*: Statistically significant at p < 0.05.

‘GDT: Goal-directed therapy.

“RT: Restrictive therapy.
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Figure 7. Comparison between the thoracic fluid content (TFC) (k.ohm™) in the goal-directed therapy group (GDT) at different
times of one lung ventilation.
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Moreover, there was a statistically significant
increase in Ngal in the RT therapy group compared to
the GDT group (p value of <0.001) (Figure 8).

4. Discussion

Thoracic surgery has always a increased rate of postopera-
tive morbidity. Many of which can be decreased by being
operated at large volume centers where there is greater
experience [5].

Respiratory complications are of the most recurring
postoperative complications in thoracic surgery. During
the past twenty years, many management strategies
have been used to decrease mortality and morbidity [6].

In spite of the clinical impact of fluids in thoracic
surgery, no randomized controlled trial has been done
to compare the efficacy and safety of restrictive and
goal-directed methods.

The conflict of different approaches (restrictive or
liberal) in intraoperative fluids has not been decided in
thoracic surgery [1].

However, a restrictive perioperative fluid protocol
may compromise renal perfusion, causing AKI. AKI inci-
dence following pulmonary resection surgery in two
studies was 6.8% and 5.9%, respectively [7,8]. This
causes long hospital stay, more cardiopulmonary com-
plications and higher mortality [8,9].

The haemodynamic parameters were of no signifi-
cant difference among the studied groups. However,
the RT group had more hypotensive readings during
the intraoperative period.

These results matched Casado et al. [10] study. They
studied the different perioperative fluid management
protocols in patients undergoing oesophagectomy.

Ahn et al. [11] agreed to the same results. Matot
et al. [12], as well, reported no significant differences in
the haemodynamic parameters.

No significant difference among the preoperative
values of haemoglobin level in the whole intraopera-
tive and the postoperative 24 hours values was
reported.

Arslantas et al. [13], Bjerregaard et al. [14],
Casado et al. [10], Matot et al. [12], Ahn et al. [11]
and Della Rocca et al. [15] used restrictive fluid
therapy protocols and agreed to have no signifi-
cance regarding the haemoglobin level changes as
in the present study.

Also, Sahutoglu et al. [16], Kaufmann et al. [17],
Zhang et al. [18], Veelo et al. [19] and Xu et al. [20] (as
GDT studies) agreed with the present study results.

In the postoperative period, the restrictive therapy
group showed a statistically significant increase in the
heamatocrit level immediately after the surgery and
after 6 hours in the postoperative period. Meanwhile, it
returned to be of no statistical significant difference
between the 12 and the 24 h interval in the post-
operative period.

The haemo-concentrated values in the early 6 hours
of the post-operative period mainly in the RT group
was attributed to some dehydration and resolved as
soon as oral hydration was resumed at the postopera-
tive period.

In contrast to the present study, Matot et al. [12]
stated that there was a decrease in haematocrit
level by the end of postoperative day one. The
study did not mention the haematocrit values dur-
ing the day which may have been of high value.
They attributed the decrease by the end of
postoperative day one to the early oral hydration
as a part of fast track strategy.

A significant increased serum lactate level in
restrictive therapy group at the end of surgery,
immediately and 6 hours postoperatively was
plotted.

Mean of serum neutrophil gelatinase-
associated lipocalin (Ngal) (ng/ml)

‘GDT

«RT

Figure 8. Comparison between the two studied groups according to Serum Neutrophil gelatinase-associated lipocalin (Ngal) (ng/

ml).



After all, all values of serum lactate in both groups
remained within the normal range. This may be due to
the prompt use of colloid boluses and the administra-
tion of noradrenaline infusion.

The significant increase in the serum lactate in the
restrictive group may reflect a degree of dehydration and
hypoperfusion that may have occurred during the hypo-
tensive episodes. These changes may have been masked
by the innate activation of the sympathetic nervous
system and the administration of noradrenaline infusion.

Della Rocca et al. [21], Matot et al. [12] and
Arslanstas et al. [13] agreed. While, Haas et al. [22]
disagreed concerning serum lactate level in the post-
operative period which was significantly increased in
the whole first postoperative day. These increased
values may be present because it was conducted on
oesophagectomy surgery which is a more aggressive,
bloody, extensive and prolonged surgery.

The ScvO, significantly decreased in the RT therapy
group at 15 min after OLV and 15 min after the termi-
nation of OLV. Yet, they were of no significant differ-
ence during the whole postoperative 24 h.

These results may be due to the restricted fluid
administration which compromised the cardiac output
yet was masked by the sympathetic nervous system
activation and the administration of noradrenaline
proposed by the present study restrictive protocol.

The restrictive study of Bjerregaard et al. [14]
agreed. Yet, these values were improved and returned
to normal values by the end of the surgery and con-
tinued to be of no significant change throughout the
first postoperative day.

Concerning the GDT protocol, Haas et al. [22] dis-
agreed and showed further continued decrease in the
central venous oxygen saturation in the
postoperative day one. This may be attributed to
aggressive nature of oesphagectomy as a surgery.

The HI was of no statistically significant difference
between them during the in all intraoperative values
and the post-operative period. The restrictive hypoxic
index values were much higher than the GDT values.
Yet, no patient suffered of lung injury. This may be due
to more restrictive crystalloid administration (4 ml/kg/h)
when compared to GDT where the basal crystalloid infu-
sion was 8 ml/kg/h in the whole intraoperative period.

As a restrictive approach, Assaad et al [9] used a fluid
protocol of 1.5 ml/kg/h. They showed normal hypoxic
index all over the intra and postoperative periods. Also,
Sahutoglu et al. [16], Zhang et al.. [18] and Xu et al. [20]
agreed with the results of the present study.

In contrast to the present study, Haas et al. [22],
concluded that the PaO,/FiO, ratio decreased signifi-
cantly but remained more than 300 mmHg except
during OLV. It may be due to longer duration of one-
lung ventilation and more aggressive surgery with
major fluid shifts and blood loss and its replacement.

EGYPTIAN JOURNAL OF ANAESTHESIA e 55

The total amount of blood loss, total amount of
PRBCs and FFP showed no statistically significant dif-
ference may be due to the conductance of the present
study by the same surgical team and no extreme var-
iation in the type of surgeries performed in the study.

Comparing the amount of crystalloids, the increased
volume of crystalloids in the GDT group maybe due to
the use of continuous crystalloid infusion of 8 ml/kg/h
compared to 4 ml/kg/h in the restrictive group.

Licker et al. [23,24] quantified an infusion rate of
2.9-5.8 ml/kg/h for safe fluid restriction during thoracic
surgery. Chau et al. [5] suggested that the crystalloids
use should be decreased to 2 L throughout the opera-
tion and less than 3 L within the first 24 h.

Sahutoglu et al. [16] reported that the use of crystal-
loids was significantly higher in the SVV group. This is
because they used crystalloids as a basal infusion and
rescue boluses throughout the whole intraoperative
period.

However, Veelo et al. [19] and Xu et al. [20] used less
crystalloid infusions. This may be due to the lack of use of
basal infusion fluids and the use of colloids as rescue
boluses.

The amount of colloid boluses wasn’t significant.
This may be attributed to the higher baseline crystal-
loid infusion in the GDT group that may have
decreased the need for colloid rescue boluses.
Meanwhile, the noradrenaline infusion has decreased
the colloid administration in the RT group.

While Veelo et al. [19], Zhang et al. [18] and Xu et al.
[20] disagreed and reported significant increase in the
colloid administration. That may be due to the lack of
use of basal infusion fluids and the use of colloids as
the only form of rescue boluses.

The number of the patients that received noradre-
naline infusion and the total amount of noradrenaline
infused were significantly increased in the RT group.

These results may be due to less basal crystalloid
infusion used in the RT group that made noradrenaline
to become a cornerstone pillar in supporting the
circulation.

Electrical cardiometry was not used in thoracic sur-
gery in the previous literature and no data were avail-
able using cardiometry in that type of surgery. Yet,
data of other GDT studies using other devices were
used to evaluate the results of the present study.

The entire GDT studies showed superior role of the
goal-directed protocol over the control group in thor-
acic surgeries.

When TFC was measured, the increase may be caused
by increased oncotic pressure of the subglycocalyceal
space caused by the potential disruption of the glycoca-
lyx endothelial layer. This subglycocalyceal oncotic pres-
sure increases during one lung ventilation. Also, the
inflammatory mediators’ release, especially tumor necro-
sis factor alpha, may aggravate the glycocalyceal fragility.
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TFC does not reflect the absolute fluid levels; but,
dynamic values of TFC can point to a directional shifts
in thoracic fluids, either an increase or a decrease,
especially in surgeries with volume shifts, as in thoracic
surgery [25].

A statistically significant decrease was in UOP (ml/h)
in RT group in the third intraoperative hour, immediate
and 6 hours postoperatively.

Sahutoglu et al. [16], Kaufmann et al. [17], Zhang
et al. [18], Veelo et al. [19] and Xu et al. [20] showed
comparable results to the present study. However,
Matot et al. [12] found that intraoperative UOP
together with postoperative renal parameters was
not changed by fluid therapy infusions in the range
of 2 to 8 ml/kg/h.

A significant decrease in the bicarbonate level and
an increase in sCr and creatinine clearance in the
immediate and 6 hour postoperative period in the
restrictive therapy were reported.

According to Ahn et al. [11], there was an increase in
the postoperative sCr which subjected some of the
patients to AKI. However, this increase was not of
a statistical significant value and the number of AKI
patients turned to be of no statistical significant value.

Moreover, there was a statistically significant increase
in Ngal in the RT group compared to the GDT group.

These changes have resolved due to early oral
hydration and insignificant intraoperative fluid shifts
and blood loss by the end of the first
postoperative day.

Makris [26] and Haase et al. [27] found that Ngal level
was more accurate than sCr in AKI prediction when
measured at the same time; however, Lassnigg et al.
[28] reported that the sCr criteria in RIFLE classification
for the definition of AKI was considered to be valuable.

5. Conclusion

Fluid restriction is better to be individualized and aided
by new technologies based on beat to beat variations.

Cardiometry can be used as a dynamic fluid respon-
sive tool in thoracic surgery. Moreover, TFC derived
from electrical cardiometry can help preventing pul-
monary complications post thoracic surgeries.

RT protocols can prevent pulmonary complications
yet can put the patient at risk of hypoperfusion espe-
cially kidney injuries.
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