EGYPTIAN JOURNAL OF ANAESTHESIA
2021, VOL. 37, NO. 1, 113-122
https://doi.org/10.1080/11101849.2021.1896428

Taylor & Francis
Taylor & Francis Group
8 OPEN ACCESS W) Check for updates

Evaluation of two different fluids regimens on central venous-to-arterial
Carbon Dioxide difference (pCO, gap) - a randomized controlled trial

ARTICLE

Rabab S. S. Mahrous? and Tarek I. Ismail®

aDepartment of Anesthesia and Surgical Intensive Care, Faculty of Medicine, Alexandria University, Alexandria, Egypt; "Department of
Anesthesia and Surgical Intensive Care, Faculty of Medicine, Helwan University, Helwan, Egypt

ARTICLE HISTORY
Received 27 November 2020
Revised 12 February 2021
Accepted 22 February 2021

ABSTRACT

Purpose: The purpose of this study was to evaluate whether crystalloid or colloid solutions
could adequately optimize the patient cardiac output and thus improving systemic and
microcirculatory blood flow during major orthopedic surgery.

Methods: Eighty-two (ASA) I-lll patients were included in this prospective single-center
randomized, controlled clinical trial. They were randomized into groups treated with either
intra-operative crystalloid (lactated ringer) or colloid (6% hydroxyethyl starch, HES 130/0.4).
Demographic data, Hemodynamic variables, pCo, gap, central venous oxygen saturation and
lactate levels were recorded every hour during surgery and until discharge from the Post-
Anesthesia Care Unit (PACU). Infused volumes of crystalloids and HES, number of infused
PRBCS and estimated intraoperative blood loss were recorded blindly for all patients.
Results: pCO, gap was significantly lower in colloid group than crystalloid group toward the
end of surgery and at PACU admission with values less than 5 mmHg while pCO, gap was
>5 mmHg at 5 hr and at PACU in the crystalloid group. In crystalloid vs colloid group, pCO, gap
was 4.97 vs 4.52 (P 0.023), 5.09 vs 4.057 (0.011) and 5.27 vs 4.88 (0.011) at 4 hr, 5 hr and at PACU
respectively. At 5 hr patients received colloid had significantly lower mean pCO, gap by
0.517 mmHg, average pCO, gap among patients receiving crystalloid therapy was
5.09 mmHg and 4.57 mmHg in patients with colloids therapy.

Conclusion: Intraoperative fluid resuscitation using colloids is associated with more stable
hemodynamics and better tissue perfusion as guided by lower pCO, gap when compared to
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crystalloids.

1. Background

Avoiding low tissue perfusion during major surgery
resulting from insufficient systemic oxygen delivery
has been shown to reduce organ failure and hospital
stay [1]. Early identification and adequate manage-
ment of alarming notes of continuous improper tissue
perfusion is of valuable concern especially in frail
patients [2]. Failure to cope with surgical trauma
induced increase in oxygen demand either by an
increase in O, extraction or a decrease in O, delivery
can result in tissue hypoxia [3]. Using multiple markers
of inadequate tissue oxygenation have been used for
early detection of complication in surgical patients [4].
Traditionally, measuring the mixed or central venous
oxygen saturation (Scv O,) is the most popular marker
used to detect occult tissue hypo perfusion.
A reduction in Scv O, denotes that there is an eleva-
tion in systemic oxygen extraction and the presence
of an insufficient systemic oxygen delivery [5].
However, recent strong evidence showed that
increasing central oxygen tension (PaO,) can signifi-
cantly increase Scv O, without improving systemic
oxygen delivery [6], and this may therefore limit the
usefulness of using Scv O, as a solo marker especially

in the perioperative period [7]. Moreover, an elevation
of serum lactate which is commonly used as stable
marker of tissue hypoxia may be delayed compared
with other markers of impaired tissue oxygenation [5]
such as oxygen extraction, and therefore not suitable
for early detection of tissue hypo perfusion [8].
Recently, a novel marker of adequate tissue perfusion
is central venous-to-arterial carbon dioxide gradient
(pCO, gap) as a useful alternative to detect improper
flow state in spite of apparently adequate hemody-
namic parameters [9]. The pCO, gap, which has been
known to be inversely related to cardiac output (CO)
is confirmed as a good reflection of the ability of the
venous blood flow to wash out the accumulated CO,
produced in tissues [10]. When applying modified
FICK equation to CO,, the pCO, gap is in linear rela-
tionship to CO, production (VCO,) and inversely
related to CO, in condition with proper oxygen extrac-
tion/delivered oxygen (VO,/DO,) relationship the flow
is adequate enough to washout the CO, produced by
tissues even if there is extra anaerobic VCO,. On the
other hand, in situation with inadequate blood flow,
pCO, gap may increase even without increase in VCO,
[10]. Thus, if carbon dioxide production remains

CONTACT Rabab S. S. Mahrous @ rababsabersaleh@gmail.com @ 33 Bahaa EIDin ElGhatwary st., Smouha, Alexandria, Egypt

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/11101849.2021.1896428&domain=pdf&date_stamp=2021-03-08

114 R.S. S. MAHROUS AND . I. ISMAIL

constant and as pCO, gap would not be influenced by
mechanical ventilation or minute ventilation, so low
blood flow state with resultant impaired tissue perfu-
sion is the main determinant of the elevation of the
pCO, gap [11].

Despite the wide acceptance of perioperative nor-
movolemia importance on avoiding the development
of organ failure and death following high-risk sur-
geries, there is still ongoing debate about the proper
type of fluid to be given perioperatively in major sur-
geries [12]. Insufficiently and delayed maintaining of
intravascular volume jeopardize hemodynamic para-
meters, micro vascular circulation and eventually
organ dysfunction [13]. Inadequate perioperative
fluid therapy is an important cause of diminished O,
transport. It has been confirmed that perioperative
deterioration in O, transport is associated with organ
failure and mortality [14]. The kind of fluid namely
crystalloid or colloid solution that adequately optimize
the patient cardiac output and thus improving sys-
temic and microcirculatory blood flow is still under
intense research [15].

The primary outcome of this study was to evaluate
the effect two different fluids management during
major orthopedic surgeries on pCO, gap as a tissue
perfusion global index. While the secondary outcome
was to assess other intraoperative macro circulatory
variables (mean arterial pressure, blood loss, O, satura-
tion, central venous pressure, and heart rate) and other
tissue hypo perfusion markers (serum lactate and cen-
tral venous oxygen saturation).

2. Patients and methods

This randomized, blinded, controlled, clinical trial was
approved by the research ethics committee of Faculty
of Medicine, Alexandria University and was registered
in Pan African Clinical Trial Registry (PACTR
2,019,633,074,119). Written informed consent was
obtained from all study participants. The study was
conducted at EL Hadara university hospital,
Alexandria during the period from first July 2019 to
31 April 2020. Eighty two patients were randomized
into two study groups using computer-generated
method to remove any selection bias.

Eligible patients scheduled for elective major ortho-
pedic surgeries expected to last at least 4 hours were
selected with the following inclusion criteria: American
Society of Anesthesiologists (ASA) physical status
grade I-lll, an age between 40 and 70 years. Exclusion
criteria of the patients were: overweight (BMI >35), left
ventricular ejection fraction below 45%, significant
cardiac arrhythmias, valvular lesions, coagulation dis-
orders, perioperative renal insufficiency (serum creati-
nine > 2mmoll™), impaired hepatic function (Aspartate
aminotransferase >40 UL™', Alanine aminotransferase

> 40 UL™"), allergy to any drug used in this study,
preoperative infection and pregnancy.

Patients were randomized either to colloid group
that received hydroxyethyl starch (HES 130/0.4) and
Voluven (Fresenius kabi, Germany) or crystalloid
group that received lactated ringer (otsuka, Egypt)
with 41 patients in each group. Group assignments
were done after patient inclusion in the study before
any anesthetic interference. A person not indulged in
this study allocated the groups to the envelopes
labeled with consecutive numbers. After observing
the patient’s written consent. The research nurse
opened the sealed envelopes in numerical order.
Only the patients were blind to group allocation.

Upon arrival to the operating room (OR) an intrave-
nous (IV) access was established, standard monitoring
included electrocardiogram (ECG), pulse oximetry
(Sp0,), capnography, and noninvasive blood pressure
(NIBP) were attached to all patients. Core temperature
of the patient was measured via nasopharyngeal probe
thermometer following induction of anesthesia.
Operating room temperature was kept at 23-24°C.
Patients received standard general anesthesia that
included induction with propofol 1.5 to 2.0 mg/kg,
fentanyl 2 to 3 mcg/kg and atracurium 0.5 mg/kg.
Maintenance of anesthesia was achieved with isoflur-
ane 1-1.5% and 60:40 oxygen mixed with air, accord-
ing to decision of the attended anesthetist, additional
doses of atracurium to maintain adequate relaxation
and additional doses of fentanyl 0.5-1 mcg/kg titrated
to maintain hemodynamic stability. Patients were ven-
tilated with 8 ml kg™ tidal volume in volume control
mode to ensure stable ventilation (end-tidal CO, kept
within normal range) and high inspired O, concentra-
tion (FIO, was 60%) to maintain adequate oxygenation
during the operative period. To insure normothermia,
core temperature of the patients was kept around
36.5°C and 37°C by active warming with forced air
blanket (Bair Hugger, USA) and warmed IV fluids. At
the end of surgery, neuromuscular blockade was
antagonized with neostigmine 0.05 mg/kg and
0.01 mg/kg of atropine. After induction of anesthesia
and before start of surgery, all patients received arter-
ial, central venous and Foley catheters insertion. A 20-
gauge radial arterial catheter (Angiocath Becton
Dickinson, Brazil) was inserted. Double lumen central
venous (internal jugular or subclavian vein) catheter
(Arrow international inc., USA) was positioned with the
tip within the superior vena cava just above the right
atrium. The position was confirmed by chest radio-
graph and readjusted if necessary. Simultaneous
blood gas samples from venous and arterial catheters
were collected at base line (before start of surgery) and
every hour till discharge from PACU by well-trained
nurses blinded to the investigation. Analysis of blood
gas samples was done using blood gas machine
(Radiometer ABL 700, Denmark).



The baseline values of HR and BP that trigger fluid
bolus were taken immediately before induction of
anesthesia. All patients received a baseline fluid therapy
of 1 ml kg™'h™" of crystalloids (lactated ringer solution)
that started immediately after induction of anesthesia
and continued till discharge from post anesthesia care
unit (PACU). Additional fluid boluses of 250 ml of
hydroxy ethyl starch (HES) (130/0.4) over 3-4 min was
given to colloid group or 250 ml of lactated ringer
solution over 3-4 minutes was given to crystalloid
group according to changes in static variables only
(Mean arterial pressure, heart rate, central venous pres-
sure and urine output) that were measured during the
operation till discharge from PACU.

Hemodynamic variables triggered fluid boluses were:
urine output less than 0.5 ml kg-1 h-1, an increase in
heart rate more than 20% above base line, a decrease in
mean arterial blood pressure less than 20% below base
line or central venous pressure minus the actual positive
end expiratory pressure (peep) less than 20% of baseline.
When mean arterial blood pressure was <60 mmHg in
spite of sufficient intravascular volume (central venous
pressure > 10 mmHg), norepinephrine infusion was
added to keep mean arterial blood pressure >
60 mmHg. Packed red blood cells (PRBCs) was given
when hemoglobin was < 8 g/dI-1. Fresh frozen plasma
(FFP) was given when a PTT > 70 s. Scv O,, Pcv-aCO, and
lactate level were collected 10 minutes before surgery
and hourly during surgery until discharge from the PACU
and those parameters were not used to guide clinical
management at any stage of the study as they were
collected by nurses blinded to the investigation and
recorded separately from the study. Infused volumes of
crystalloids and HES, number of infused PRBCs and esti-
mated intraoperative blood loss were also recorded.

After awaking from general anesthesia patients
were transferred to post anesthesia care unit (PACU)
and after fulfilling discharge criteria from (PACU),
patients were transferred to their rooms.
A standardized postoperative analgesic regimen, con-
sisting of regular iv ketorolac 30 mg every 8 h . In the
ward, well-trained nurses were asked to record pain
level in each patient over the 10 cm visual analog scale
(VAS) at postoperative 1,3,6,12,18 and 24 h during rest

Patient-controlled analgesia (PCA) device which
delivered morphine as a 1-mg bolus, with a lockout
time of 10 min was delivered to all patients. The PCA
was continued postoperatively for 24 h. Patients with
VAS score >4 at any point of time received 0.05 mg/kg
IV bolus morphine.

3. Statistical analysis

Based on data in a recent research conducted by Laszlo
et al. [16], the mean carbon dioxide gap in the crystal-
loid group at 24 h postoperative was 7.3 £ 2.7 as
compared to 5.8 £2 among the colloid group with an
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effect size of 0.6 and at 5% level of significance con-
sidering a power of 80%, 82 patients were required
with equal allocation ratio.

Statistical analysis was done using IBM SPSS statistics
program version 21 [17,18]. Quantitative data were
described by mean as a measure of central tendency
and standard deviation as a measure of dispersion,
while categorical variables were summarized by fre-
quency and percent. Chi-square test was used to
study significant association between two categorical
variables. Fisher exact and Monte Carlo significance
were used if more than 20% of total expected cell
counts < 5 at 0.05 level of significance. Independent
sample t test was used to detect significant difference
in the mean quantitative variables between two treat-
ment groups of patients based on normal distribution
of variables by Kolmogorov Smirnov test and large
sample size >30 per group. We conducted mixed
design repeated measures ANOVA to study if statisti-
cally significant main effect of time, main effect of
treatment whether crystalloids or colloids and if inter-
action is present in form of pattern change of contin-
uous parameters along with different points of time
between both two treatment groups. Adjusted post
hoc-pairwise comparisons were employed by either
Tukey’s or Bonferroni tests. Pearson’s correlation test
was performed to detect significant linear association
of different hemodynamic parameters with carbon
dioxide gap. Then, we conducted multiple linear regres-
sion model using backward stepwise method to detect
the independent contribution of therapy whether crys-
talloids or colloids as well as other parameters on car-
bon dioxide gap as the outcome variable. We included
some hemodynamic parameters even when not signifi-
cantly associated with the outcome by univariate ana-
lysis because there’s evidence from literature [11] that
they are influenced carbon dioxide gap. We tested the
assumptions in terms of linearity by scatter plot; homo-
scedasticity and normality by residual plot, histogram,
normal probability plot and independence of errors by
Durbin-Watson test. We assessed the presence of out-
liers with influential cases by Standardized residuals
and Cook’s distance >1 and no influential outliers
were detected. We didn’t detect problems with multi-
collinearity as assessed by correlation matrix, VIF, toler-
ance and collinearity diagnostics. All statistical tests
were done at 0.05 significance level.

4. Results

There were statistically insignificant differences
between both groups as regards Age (p 0.669), BMI
(p 0.964), Duration of operation (p 0.764) and Gender
(p 0.641). As regards ASA status, insignificant differ-
ence existed between both groups in the proportion
of patients classified as I, Il, or lll between groups
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Table 1. Demographic Characteristics, fluid intake, type of surgery and ASA status fluid intake,type of surgery and ASA
status fluid intake,type of surgery and ASA status of included participants in Crystalloids and Colloids groups.

Crystalloids(n = 41) Colloids(n = 41) Significance
mean (SD)
Age (years) 51.58(7.58) 50.85(7.84) t=.429, p = .669
BMI 28.17(2.46) 28.19(2.45) t=-.045, p =.964
Duration (min) 266.59(9.64) 267.32(10.72) t=-.325p=.746
559.27(46.49) 558.29(49.89)
Frequency (%)
Gender:
Female 15(36.6) 13(31.7) X?0.217
Male 26(63.4) 28(68. p .641
ASA classification:
| 22(53.7) 24(58.5)
Il 14(34.1) 14(34.1) MCp = .849
1] 5(12.2) 3(7.3)
Type of surgery:
Hip 7(17.1) 5(12.2)
LL 4(9.8) 6(14.6)
Pelvis 12(29.3) 10(24.4) X2 1.31
Reconst 4(9.8) 6(14.6) p .859
Spine 14(34.1) 14(34.1)

t: Independent sample t test
X% Chi-square test
Results<.05 are significant

taking colloids and crystalloids (p 0.849), (Table 1,
Figure 1).

Table 2 demonstrates insignificant differences
existed between both groups as regards changes in
mean heart rate (MHR), mean central venous pressure
(CVP), mean oxygen (02) saturation and mean urine
output (UO) along different periods of times (p > 0.05).
As regards mean value of mean arterial pressure (MAP),
except at 2 h intraoperative which in colloid group was
significantly lower than crystalloid group. There were
insignificant mean differences existed between both
groups for the rest of the measurements. No statisti-
cally significant differences between both groups
regards baseline infusion (p 0.927) and total blood
loss (p 0.810).

Mean serum lactate levels were significantly lower
at 2 h (p0.005), 4 h(p <001), 5 h (p 0.017) and PACU (p
0.015) in colloid group than crystalloid group, while at
baseline,1 h and 3 h, no significant differences existed
between both groups (p > 0.05) (Table 2, Figure 2).

Table 2 and Figure (3) reveals insignificant differ-
ences between both groups for mean central venous
oxygen saturation (ScvO,) at baseline, and 1-4 h
intraoperative (p > 0.05) while at 5 hours and PACU
they were significantly higher in colloid group than
crystalloid group (p 0.006) and (p 0.001), respectively.

Insignificant difference was existed between both
groups for mean pCO, gap at baseline, 1-, 2-, and
3-h intraoperative (p > 0.5), while, mean pCO, gap
was significantly lower in patients taking colloids
than crystalloids at 4 h (0.023), 5 h (0.011) and at
PACU (0.001), respectively, (Table 2, Figure 4).

We assessed if any MHR, MAP, CVP, O, Saturation,
amount of blood loss, serum lactate and ScvO, correlate
with carbon dioxide gap. (Table 3) displayed insignificant
association of any of these parameters with the pCO, gap
at 5 h intraoperative follow-up period (p > 0.05), (Table 3).

We performed multivariate linear regression analy-
sis to assess the individual adjusted contribution of
each included variable with pCO, gap. As expected

Allocation
n= 82
[ ]
Crystalloids Colloids
n=41 n=41
I I . I ] I I . I ]
. Gender BMI ASA Age in years Gender BMI ASA
Age in years 28.17 50.85 28.19
51.58
Male Male
n=26 : n=13 I
N = =24
Female n=22 female I
n=15 I n=28 T
T n=14 n=14
|| I I
n=5 n=3

Figure 1. Flow diagram of Demographic Characteristics.
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Table 2. Comparison of different parameters between Crystalloids and Colloids groups.

Group
Crystalloids Colloids
Parameter Mean (Std. Deviation) Significance*
Baseline infusion 559.27(46.49) 558.29(49.89) 927
(Lactated Ringer) ml
Bolus infusion(ml) 2612.20(226.04) 1619.51(253.19)
TOTAL INPUT 3171.46(266.22) 2177.8(295.41)
BLOOD LOSS (ml) 764.63(101.39) 758.78(117.32) .810
Heart Rate:
Baseline 69.27(3.64) 68.98(4.81) 757
1 Hour 71.32(4.06) 70.46(4.47) .369
2 Hours 71.71(3.36) 70.83(4.20) .369
3 Hours 72.24(3.88) 71.22(4.36) 299
4 Hours 72.98(3.68) 71.73(3.95) .265
5 Hours 73.34(3.52) 71.78(4.21) 144
PACU 73.80(3.50) 72.59(4.0) .072
Mean Arterial Pressure (mmhg):
Baseline 89.93(2.42) 88.78(2.97) .059
1 Hour 90.02(2.84) 88.54(3.52) .038*%*
2 Hours 89.88(3.27) 89.17(3.34) 336
3 Hours 89.49(3.29) 89.24(3.76) .756
4 Hours 89.90(3.72) 89.17(4.16) 404
5 Hours 90.07(3.35) 89.22(4.61) 341
PACU 90.34(2.98) 89.66(3.47) 343
Central Venous Pressure (mmhg)
Baseline 7.24(.88) 7.44(.808) 301
1 Hour 9.98(1.17) 9.78)1.275 473
2 Hours 10.51(1.28) 10.37(1.47) .634
3 Hours 10.76(1.62) 11.05(1.93) 461
4 Hours 10.95(1.49) 11.22(1.31) 391
5 Hours 11.00(1.22) 11.22(1.08) 393
PACU 11.05(1.11) 11.39(1.41) 228
Oxygen Saturation(%)
Baseline 96.37(1.24) 95.93(1.10) .094
1 Hour 98.41(1.09) 98.29(.92) .588
2 Hours 98.34(1.01) 98.24(1.01) .665
3 Hours 98.27(1.14) 98.27(.83) 1.000
4 Hours 98.41(.97) 98.46(.86) 811
5 Hours 98.59(.80) 119.66(135.96) 327
PACU 98.41(.83) 98.24(.83) 356
Urine output(ml)
Baseline 476
1 Hour 67. 44(8 74) 68. 78(8 19) 718
2 Hours 64.63(5.04) 64.15(6.97) 149
3 Hours 62.32(6.81) 64.27(5.19) .081
4 Hours 62.68(6.43) 64.88(4.67) .606
5 Hours 64.27(6.47) 65.00(6.32) .832
PACU 65.63(7.46) 65.98(7.09) 476
Serum Lactate(mmol/L)
Baseline 1.0705(.09) 1.032(.100) .083
1 Hour 1.061(.08) 1.03(.09) A71
2 Hours 1.11(.10) 1.05(.097) .005%*
3 Hours 1.12(.11) 1.09(.11) 234
4 Hours 1.18(.09) 1.06(.10) <.001**
5 Hours 1.18(.09) 1.139(.09) .017**
PACU 1.08(.11) 1.0312(.08) 015%*
Central Venous Oxygen Saturation
Baseline 78.68(2.04) 79.10(1.85) 339
1 Hour 78.15(1.96) 78.90(2.02) .090
2 Hours 78.80(2.07) 79.32(2.38) 302
3 Hours 78.07(1.95) 78.63(2.41) 251
4 Hours 77.24(1.88) 78.07(2.04) .059
5 Hours 76.37(1.69) 77.51(1.96) .006**
PACU 75.59(1.62) 77.00(1.94) .0071**
Carbon Dioxide gap(ml)
Baseline 4.35(.46) 4.34(.54) .896
1 Hour 4.315(.48) 4.39(.57) .506
2 Hours 4.62(.65) 4.64(.62) 877
3 Hours 4.824(.79) 4.56(.82) .148
4 Hours 4.97(.86) 4.52(.89) 023**
5 Hours 5.09(.92) 4.57(.87) 011**
PACU 5.27(.86) 4.88(.85) 0.001**

*Independent sample t-test
**Results< .05 are statistically significant
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SERUM LACTATE(MMOL/L)
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Figure 2. Mean serum Lactate (mmol/L) along time between two treatment groups.
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Figure 3. Mean Central Venous Oxygen Saturation (%) along time between two treatment groups.
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Figure 4. Mean Carbon Dioxide gap (mmHg) along time between two treatment groups.

from univariate analysis that none of MHR, MAP, CVP,  significantly predict pCO, gap, multivariate analysis
Blood loss and O, saturation at 5 h intraoperative could proved the same insignificant association too



Table 3. Correlation of different parameters with Carbon
Dioxide gap (ml) at 5 hours intraoperative.
Carbon Dioxide gap(ml) at 5 hours

intraoperative

Heart Rate r -.071
p-value 527

Mean Arterial r 144
Pressure(mmhg) p-value 197
Central Venous r —.008
Pressure(mmhg) p-value 944
Oxygen Saturation (%) r —.040
p-value 721

Blood loss in ml r =151
p-value 174

Serum Lactate r 133
p-value 234
Central Venous Oxygen r —-.180
Saturation p-value .106

r: Pearson’s correlation coefficient

Table 4. Linear regression model for prediction of Carbon

Dioxide gap.
b SE  Standardized t Sig.
(95.0% Confidence Interval Beta
for B)
—.517(-913 to —.913) 199 -.279 -2.602 .01

Backward stepwise regression model, F = .676, p = .001

Average Carbon Dioxide gap for crystalloids group = 5.09 mmhg

Average Carbon Dioxide gap for colloid group = 5.09- 0.517 = 4.57 mmhg

b Unstandardized beta

SE: Std. Error

R? 7.8%, adjusted R? 6.6%

Variables excluded from model due to non-significance by stepwise
approach include MABP, CVP, Blood loss and oxygen saturation at
5 hours intraoperative

(p > .05), the only significant predictor was mode of
therapy. Patients received colloids had significantly
lower mean Carbon dioxide gap by 0.517 mmHg.
Thus, average pCO, gap among patients receiving
crystalloids therapy is 5.09 mmHg and 4.57 mmHg
in patients with colloids therapy (Table 4).

5. Discussion

There is much concern about optimization of intrao-
perative hemodynamics that results in adequate tissue
perfusion and oxygenation with subsequent better out-
comes. Inadequate fluid therapy is a leading cause of
diminished oxygen transport with subsequent organ
failure and death. All surgical patients received IV fluids
during perioperative period. The proper type of fluid to
be selected for usage has not so far been selected.

This randomized clinical trial was conducted to eval-
uate the effect of crystalloid versus colloid fluid ther-
apy during intraoperative period in lengthy orthopedic
surgeries on pCO, gap as a marker of global tissue
perfusion. It was found that patients in crystalloid
group significantly consumed more fluid than colloid
group to achieve no differences between both groups
as regards adequacy of macro circulatory hemody-
namic parameters (MHR, mean CVP, mean O, satura-
tion, mean UO and mean value of MAP).

We used changes in static variables only (MAP, MHR,
CVP and UO) to detect fluid status and hypervolemia
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during intraoperative period. Despite they were less
accurate than advanced detailed hemodynamic mon-
itoring; they were applied for both groups to decrease
the error of being less valuable monitoring method.
Our results provide further support to the original
belief that during fluid therapy, less colloid is needed
to get the same hemodynamic stability when com-
pared to crystalloid [18]. The superiority of colloid
over crystalloid resulted from the difference of
volumes of distribution between them, being extracel-
lular space for crystalloid and plasma volume for col-
loid and this leads to colloid remains primary in the
intravascular compartment whereas crystalloid shifts
to interstitium several minutes from initial infusion
[19]. HES solution was used in our study as colloid
while lactated ringer solution was the crystalloid
used. HES is proved superior over lactated ringer
because of its long-lasting intravascular half-life, aug-
mented intravascular volume effect and its positive
effect on tissue oxygenation [20]. Moreover, stabiliza-
tion of hemodynamics was statistically proven for HES
solution [21]. On the other hand, multicenter large
randomized clinical trials reported no clinical benefits
and even worse outcomes from using HES to optimize
hemodynamics during perioperative period when
compared with crystalloid [22].

However, these results could be attributed to the
general condition of the majority of cases included in
these trials. They were critically ill patients and may
suffer from damaged vascular endothelium and using
colloid in this situation is associated with their redis-
tribution into the interstitium with subsequent tissue
edema and detrimental recovery [23]. In our study, the
situation is different as all our patients included in the
trial were elective non critically ill with intact glycoca-
lyx and adequate semipermeable function of the
endothelium, so colloid could not escape into the
interstitial space in large quantities [24].

We must notify that during routine postoperative
follow up we did not observe any influence of HES
solutions used in our trial on renal function in both
groups. Adequate urine output was maintained during
perioperative period. Creatinine clearance was at the
normal range in comparison to the preoperative value,
and fractionated sodium clearance was slightly ele-
vated from base line in colloid group. We used in this
study modern, third generation of HES preparation
(voluvin, 6%) with a low molecular weight (Mw)
130kD and low degree of substitution (DS) 0.4 which
is considered to have excellent urinary excretion in
moderate renal impairment patient. Moreover, in our
trial, only patients with almost normal preoperative
renal function were included and adequate volume
support guided by static variables changes was main-
tained during perioperative period.

Since colloids provide more hemodynamic stability
than crystalloids and this superiority also may be
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extended to microcirculatory perfusion [20]. In this
study, we tried to evaluate the effect of colloid vs
crystalloid on microcirculatory perfusion. As many pre-
vious trials evaluations were mainly based on clinical
experience of the anesthetists and other macro circu-
latory parameters such as MAP, UO, MHR and CVP.
pCO, gap could be used as a reliable tool for fluid
resuscitation to evaluate the adequacy of tissue perfu-
sion. pCO, gap could be also used with other markers
to diagnose inadequate fluid therapy [9]. In our study
ScvO, at 5 hours and PACU were significantly higher in
colloid group than crystalloid group, however, all
values were above 70% in both groups during the
study period. Elevation of serum lactate which is con-
sidered as a valuable marker of tissue perfusion is often
of late onset compared to other tissue hypo perfusion
markers as ScvO, [25]. Mean serum lactate levels also
were significantly lower in colloid group than crystal-
loid group toward the end of surgery and at PACU
admission and all values in both groups were less
than 2 mmol/l on average during study period.

Tissue hypoxia is developed as a result of failure to
cope with an increase in oxygen demand either by
reduction in O, delivery or elevation in O, extraction
[26]. Tissue hypoxia could be existed with normal and
even high values of ScvO, (= 75%) in case of impaired
0, extraction which may therefore decrease the impor-
tance of ScvO, measurement so, normal and even high
ScvO, measurements do not mean adequate microcir-
culatory flow. ScvO, <70% is universally accepted as
a landmark of inadequate systemic oxygen delivery
with subsequent elevation in tissue oxygen extraction
[27]. In fact, our patients in both groups were in ade-
quate compensated state as evidenced by stable
hemodynamic parameters, little increase of serum lac-
tate levels (< 2 mmol/l) and ScvO, (=70%) during the
study period.

Cardiac output (CO) and pCO, gap are inversely
related to each other, pCO, gap is taken as
a landmark that reflect the capacity of venous blood
flow to get rid of the CO, excess produced in tissues
[28]. Deteriorated tissue perfusion during decreased
blood flow is the main cause of increase pCO, gap
[29]. Vallet et al. proved that pCO, gap increased as
a result to low blood flow-induced tissue hypoxia
(ischemic hypoxia), on the other hand it did not
change during hypoxemia-induced hypoxia (hypoxic
hypoxia) [29]. pCO, gap can be applied as surrogate for
CO adequacy and as tissue perfusion marker. It can be
used successfully with other markers of tissue hypoxia
especially in situation where oxygen diffusion capacity
is impaired such as tissue edema and occluded blood
flow that impair microcirculation, so it could be used as
reliable marker of fluid resuscitation to evaluate tissue
perfusion [10]. pCO, gap which was previously consid-
ered as a tissue perfusion global index could be pro-
posed as a valuable rapid measurement of inadequate

flow state despite adequate and normal microcircula-
tory parameters [25]. In patients with low ScvO,, an
elevation of pCO, gap is reflecting a state of low CO
and evaluation of pCO2 gap at this situation could be
of value in integrating therapies that help improving
CO. When ScvO, (= 70%), persistent elevation of pCO,
gap is indication of impaired perfusion and in this way
evaluation of pCO, gap could help in choosing the
ideal decisions regarding fluids and inotropes [30,31].

The main finding of our clinical trial was
a significantly lower pCO, gap in colloid group than
crystalloid group toward the end of surgery and at
PACU admission and with values less than 5 mmHg,
while pCO, gap >5 mmHg values were at 5 H and at
PACU in the crystalloid group. Moreover, mean pCO,
gap significantly changed along with different points
of time, particularly high from 2 h intraoperative till
PACU than baseline with significant main effect of
treatment whether Crystalloid or Colloid on pCO,
gap. It is evident from previous trials that normal
pCO, gap is less than 5 mmHg and pCO, gap
<5 mmHg had a high sensitivity (93%) and negative
predictive value (74%) than pCO, gap <6 mmHg in
excluding occult tissue hypo perfusion [32].

In our study elevation of pCO, gap was gradual and
exceeding the cutoff point of 5 mmHg toward the end
of surgery in the crystalloid group with normal limits of
both lactate and ScvO, values, reflecting a state of
impaired tissue perfusion notably in the crystalloid
group.

Since there was no correlation between pCO, gap
and other intraoperative macro circulatory variables
(MAP, blood loss, O, saturation, CVP, and MHR) and
other tissue hypo perfusion markers (serum lactate and
Scv0,) as evidenced from linear regression model, we
found that toward end of surgery the only significant
predictor to changes in pCO, gap was the type of fluid
(colloid vs crystalloid) used in the current study.
Patients received colloid solutions had significantly
lower mean pCO, gap when compared with patients
received crystalloid solutions. Our results reported the
efficacy of colloid over crystalloid as regards microcir-
culatory perfusion. To the best of our knowledge, this
is the first study to evaluate the effect of intraoperative
fluids regimen (colloid vs crystalloid) on pCO, gap.
These results give a more credit for colloids in the
debate that existed since years between them as
regards the best to use in the perioperative period.

These results could be attributed to the unique and
better pharmacological characters of colloids.
Inadequate fluid therapy is a leading cause of dimin-
ished oxygen transport with subsequent organ failure
and death. Colloids are strongly expanding the intra-
vascular volume with increase of CO with higher per-
sistence result in better regional blood flow when
compared to crystalloids [33]. Moreover, colloids have
better expansion of micro vascular volume with



minimal leakage from capillaries associated with higher
blood viscosity which result in adequate capillaries
recruitment and micro vascular flow adjustment [34].
More stability of hemodynamics with colloids is also
believed to have a great influence on regional micro-
circulation [35]. Last important aspect of enhancement
of microcirculatory perfusion is the efficacy of colloids to
enhance tissue oxygenation with subsequent improve-
ment of cellular O, utilization to avoid cellular hypoxia
[36]. Conversely, crystalloids are distributed within the
entire extracellular space leaving the intravascular space
and thus expanding the extravascular space with gra-
dual accumulation of interstitial fluids and subsequent
decrease of microcirculatory perfusion [37]. The efficacy
of colloid solution over crystalloid solution in the current
study has been proved from different clinical trials.

Wu et al. [38] found HES 6% and not normal saline
restore intestinal microcirculation during hemorrhagic
shock in a rodent model. Microcirculatory blood flow
among various splanchnic organs, namely the kidney,
liver, and intestine (mucosa, serosal muscular layer,
and Peyer’s patch), and the gracilis muscle, were com-
pared using laser speckle contrast imaging. Hiltebrand
et al. [39] agrees with the results of the present study,
they reported that goal-directed colloid therapy mark-
edly elevate microcirculatory blood flow of the small
intestine after abdominal surgery in pig model when
compared to crystalloid. microcirculatory blood flow
was measured using laser Doppler flowmetry.

Dubin et al. [40] also found that fluid management
with 6% HES 130/0.4 is associated with higher capillary
micro vascular flow index, percentage of perfused
capillaries and perfused capillaries than normal saline
to increase sublingual microcirculation in septic
patients. The authors also found that less than half of
the fluid volume was needed in colloid group when
compared to crystalloid to achieve the target macro
circulatory parameters. Our results contradict with the
results of Wefa et al. [41] they reported that HES solu-
tions did not improve microcirculation when com-
pared to crystalloids during fluid resuscitation in
sepsis. Intravital microscopy of the mesenteric micro-
circulation (plasma extravasation; leukocyte-endothe-
lial interactions) and arterial blood gas analysis were
performed before and after fluid resuscitation, how-
ever, the point to be considered that it was an experi-
mental sepsis model in rats with induced septic
peritonitis.

6. Limitations

Our study has some limitations: it was a single center
clinical trial with average sample size. Hemodynamic
monitoring and intraoperative fluid management were
guided by changes in static variables only and we could
not use advanced detailed hemodynamic monitoring as
they were not available. However, the changes were
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used for both groups and hence the variation were
equal for both groups to decrease any defect in the
accuracy of the measurements. Also the lack of post-
operative measurements of these parameters could be
considered as a limitation. Another limitation is the lack
of correlation of pCO, gap with incidence of post opera-
tive complications and.lack of correlation of carbon
dioxide gap with incidence of post operative compilac-
tions (AKI,Neurological deficit)

7. Conclusions

Based on this study it could be concluded that: in complex
major orthopedic surgeries, fluid resuscitation using col-
loids (HES 130/0.4) is associated with more stable hemo-
dynamics and better tissue perfusion as guided by
lower pCO, gap when compared to crystalloids.
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