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In light of developments in technical features of anaes-
thesia devices and monitors and the increase in knowl-

edge of the pharmacodynamic and pharmacokinetic 
properties of inhalation anaesthetics, low flow anaesthe-
sia methods have gained wider popularity worldwide.
[1] The low flow anaesthesia method aims to re-induce at
least 50% of the fresh oxygen flow to the patient together

with the required amount volatile anaesthetics to meet 
the metabolic need of the body after the carbon diox-
ide is eliminated in the gas exhaled from the patient by 
means of the rebreathing anaesthesia system.[2, 3] Some 
of the advantages of the low fresh gas flow anaesthesia 
method are suggested to be reducing cost, prevention 
of environmental pollution, protection of trachea and 
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bronchial physiology by preventing hypothermia.[3]

As desflurane has low solubility and a vaporiser which is 
adjustable for a wide range of dosages, it stands out as 
the ideal anaesthetic agent for use in low flow anaesthe-
sia techniques. The low flow administration methods are 
found to be advantageous in clinical practice due to its 
minimal cardiovascular side effects and rapid recovery.[4, 5]

It is known that general anaesthesia and surgery effect the 
distribution of leukocytes in patients due to the immun-
odepression.[6] Most of the information concerning the 
immune-related effects of volatile anaesthetics has been 
obtained from in-vitro studies. Much of the information 
suggest that volatile anaesthetics inhibit dose-dependent 
neutrophil functions, supress cytokine release in periph-
eral blood mononuclear cells, reduce lymphocyte prolifer-
ation and cause lymphocyte apoptosis.[7] Neutrophil lym-
phocyte ratio (NLR) is a parameter that is easily evaluated 
by the ratio of neutrophil and lymphocyte counts, deter-
mined by complete blood count and is considered as one 
of the markers of inflammation. Recently, its effectiveness 
is being assessed frequently for various diseases. There are 
also various publications indicating that it can be used as 
a means for diagnosis of many diseases (such as coronary 
artery diseases, malignancies, diabetes mellitus, appendici-
tis, etc.), as well as for prognosis for certain diseases.[8, 9]

There are various studies in the literature indicating 
that platelet count (PLT), mean platelet volume (MPV), 
plateletcrit (PCT), platelet distribution width (PDW) and 
platelet lymphocyte ratio (PLR) can be used in the assess-
ment of inflammatory response and the determining the 
prognosis.[10–15] Further, among the hemogram parameters, 
red cell distrubition width (RDW) is found to be in relation-
ship with thyroid cancer and COPD.[16, 17]

The aim of this study was to compare the effects of low and 
high flow desflurane anaesthesia on hemogram parame-
ters in lower abdominal surgeries. 

Methods
The necessary permissions were obtained by the decision 
of the institutional medical research Ethics Committee, 
dated 24.04.2017 and referenced 815. Participants of the 
study were 60 female patients who admitted to our hospital 
between the ages of 18 and 65 years with planned lower 
abdominal surgeries of the ASA I-II status to be conducted 
under general anaesthetic and lasting between 1-3 hours. 
Both low flow and high flow anaesthesia are routinely ad-
ministrated in daily clinical practice in selected patients 
without any contraindications for both anaesthesia meth-
ods, and these patients were included in this study. The pa-
tients were randomly assigned to Group I (low flow anaes-

thesia administration) and Group II (high flow anaesthesia 
administration) by using the computerized randomization 
method. Checks were conducted to ensure there were no 
leaks in the anaesthesia circuits, calibration of the gas mon-
itors were carried out before the operation and the CO2 ab-
sorbent was changed daily. Sodalime (Sorbo-lime, Berkim, 
Turkey) was used as the CO2 absorbent. Those patients with 
morbidly obesity have a history of malign hyperthermia or 
have a history of malign hyperthermia in their family, are 
opioid sensitive, have alcohol or medicinal addictions, have 
chronic obstructive lung disease, coronary artery disease, 
congestive heart disease, those with laboratory abnormali-
ties such as significant anaemia, polycythaemia, thrombocy-
topenia, electrolyte imbalance, leucopoenia or leucocytosis, 
those with a history of liver or kidney disease, hypovolemia, 
hypertension, systemic inflammatory response syndrome, 
sepsis, decompensated diabetic patients, pregnant women 
or lactating women and those patients with allergies to 
medication excluded from the study.

Intravenous access was ensured with a 18G cannula in pa-
tients taken into the operating room and 5-10 ml/kg/h %0.9 
sodium chloride infusion was started. Peripheral oxygen 
saturation (SpO2), heart rate (HR) and non-invasive blood 
pressure (NIBP) were monitored in all patients, and premed-
ication was administered post-operatively with 1–2mg IV 
midazolam (Dormicum®). In addition, pre-oxygenation was 
ensured with face mask for 3 minutes with 100% O2 at the 
pre-induction stage. 2 mg/kg propofol (Propofol Lipuro %1 
ampule, B.Braun, Germany), 1.5mcq/kg fentanyl (Fentanyl 
amp 0.05 mg/ml, Jansenn, Belgium), 0.5mg/kg rocuronium 
(Myocron vial 50mg/5ml, Vem Ilaç, Turkey) was administered 
by IV as the anaesthesia induction. Following the endotra-
cheal intubation, patient was connected to mechanical 
ventilator with anesthesia device (Drager-Primus, Germany) 
with a tidal volume of 6-8 ml/kg and end-tidal of CO2 35–
45mm Hg. As a result of the computerized randomization, 
Group I (n=30) was administered low flow and Group II 
(n=30) was administered high flow Desflurane anaesthesia. 
The haemoglobin, haematocrit, platelets, leucocytes, neu-
trophils, mean platelet volume (MPV) and red cell distribu-
tion width (RDW) values, which were obtained in the last 24 
hours before the patients’ surgery, were recorded. Heart rate 
(HR) and mean arterial pressure (MAP) values were recorded 
at the pre-operative stage, before and after induction, be-
fore intubation and at the 1st, 2nd, 3rd, 4th, 5th and 10th minute 
after intubation. During maintenance of anaesthesia, 50% 
O2 and 50% air was administered together with 4-6% desflu-
rane (Suprane, Baxter, Puerto Rico, USA). The flow continued 
at 4L/min in the first 10 minutes and the flow was reduced 
to 1L/min in the patients in Group I (D). The flow was re-
duced to 2L/min at for patients in Group II (Y). At 10 min-
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utes remaining to the completion of the surgery, the flow 
was increased once again to 4L/min and then increased to 
6L/min with the addition of fresh gas flow. To reverse the 
neuromuscular blocker, atropine sulphate (0.15 mg kg-1) 
and neostigmine (40 mcg kg-1) was used. Once adequate 
spontaneous ventilation was ensured, the patients were 
extubated. Blood analysis was carried out in the 2nd post-
operative hour, recording the haemoglobin, haematocrit, 
platelets, leucocytes, neutrophils, mean platelet volume 
(MPV) and red cell distribution width (RDW) values. 

Statistical Analysis
The analyses of the data were conducted using the Sta-
tistical Package for Social Sciences version 15.0 (SPSS Inc., 
Chicago, Illinois, USA). Kolmogorov Smirnov test was used 
to determine whether the distributions of continuous vari-
ables were normal or not. For the analyses of normally dis-
tributed continuous variables independent samples t-test 
was used. Non-parametric Mann Whitney U test was used 
for non-normal data. Categorical variables were analyzed 
using chi-square tests. Whereas continuous variables that 
fit to normal distribution were expressed as mean±stan-
dard deviation, the variables that were not fit to normal 
distribution were expressed as median (minimum-maxi-
mum). Categorical variables were presented as frequency 
and percentage for each group. A p value of less than 0.05 
was accepted as statistically significant. 

Results
A total of 60 female patients were enrolled in the study, 
where 30 subjects were included in the low flow anaesthesia 
group and 30 subjects were included in the high flow anaes-
thesia group. When the groups were evaluated according to 
demographic data, there were no statistically significant dif-
ferences between the groups (p>0.05) (Table 1).

The comparisons of hemogram parameters within the 
groups showed that there were statistically significant dif-
ferences in PCT, PLR and NLR values in Group I (p<0.05). 
There were no significant differences in RDW values within 
Group I (p>0.05) (Table 2).

The comparisons of hemogram parameters within Group 
II showed a statistically significance in PCT and PLR values. 
A comparison of pre-operative and post-operative groups 
for the high flow anaesthesia group did not find a statis-
tically significant difference for the RDW and NLR values 
(p>0.05) (Table 3).

A statistically significant difference was found for the PCT, 
RDW, PLR and NLR values between groups for the pre-op-
erative and post-operative values of hemogram parame-
ters (p<0.05) (Table 4).

Discussion
This study found that NLR, PLR, PCT and RDW values, 
which were obtained by hemograms during the low flow 
anaesthesia and considered as inflammation markers, were 
lower.

General anaesthesia leads to changes in the distribution 
of subgroups due to disorders in leucocyte function.[18] It is 
stated that inhalational anaesthetics cause different effects 
in inflammatory pathways during the administration of 
low and high flow anaesthetics.[19, 20] It is shown that these 
agents trigger the release of inflammatory mediators, 
which cause an increase proinflammatory cytokine gene 
expression and inflammatory response.[21–23] This leads to 
the disorder of inflammatory response, systematic inflam-
matory response and the development of post-operative 
complications such as sepsis and multi-organ failure.[24]

Table 1. Demographic characteristics of cases according to groups 

Variables	 Group I	 Group II	 p
(n=30)	  (n=30)	

Age (years)	 46±2	 46±1.9	 0.809
Gender (Female), (%)	 30 (50)	 30 (50)
ASA 1/2	 24/6	 24/6	 0.930
Duration of Anaesthesia (min)	 136±49	 117±34	 0.191

ASA: American Society of Anesthesiology.

Table 2. Low flow anaesthesia group

Hemogram	 Pre-operative	 Post-operative	 p
parameters	

PLR	 0.06±0.02	 0.16±0.10*	 0.01
NLR	 3.47±4.01	 8.17±7.32*	 0.01
PCT	 0.20±0.03	 0.18±0.04*	 0.01
RDW	 17.39±4.27	 16.97±4.03	 0.09

NLR: Neutrophil lymphocyte ratio; PCT: Plateletcrit; PLR: Platelet 
lymphocyte ratio; RDW: Red cell distribution width. *: Within group 
statistically significant p<0.05.

Table 3. High flow anaesthesia group

Hemogram	 Pre-operative	 Post-operative	 P
parameters

PLR	 0.06±0.02	 0.22±0.18*	 0.01
NLR	 4.70±8.62	 8.84±8.95	 0.09
PCT	 0.18±0.04	 0.17±0.04*	 0.01
RDW	 16.46±2.51	 16.24±2.42	 0.14

NLR: Neutrophil lymphocyte ratio; PCT: Plateletcrit; PLR: Platelet lymphocyte 
ratio; RDW: Red cell distribution width. *: Within group statistically significant 
p<0.05.
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As the response of leucocytes in circulation to inflamma-
tion leads to an increase in the number of neutrophils and 
decrease in the number of lymphocytes, the ratio of these 
two sub-groups (NLR) are considered to be a marker for 
inflammation.[25] In in-vitro studies using volatile anaes-
thetics, Rem et al.[26] found that there was a decrease in 
peripheral lymphocytes due to apoptosis. Neutrophilia 
and lymphopenia was found in patients with trauma and 
systemic inflammatory response syndrome.[27] A study by 
Markar et al.[28] found that increased NLR in suspected ap-
pendicitis is more sensitive than an increased number of 
white cells. 

In the existing literature, it can be seen that thrombocyte 
count increases when megakaryopoiesis is triggered by in-
flammatory reactions.[29] According to a study by Türkmen 
et al.[30] one of the best indicators in cases of inflammation 
is PLR. Plateletcrit (PCT), one of the platelet index obtained 
from hemogram is stated as being an important indicator 
of severe inflammation, such as platelet distribution width 
(PDW) and mean platelet volume (MPV).[31]

Red cell distribution width (RDW) is an index which shows 
the distribution of the size of red cells in the circulatory sys-
tem. An increase in RDW is associated with chronic inflam-
mation and increased oxidative stress.[32] Fukuta et al.[33] 
found that RDW levels had increased, among other inflam-
matory markers, in coronary artery diseases. 

The decreased NLR, PLR, PCT and RDW values in the pa-
tients who were in the low flow anaesthesia group of the 
study led to the belief that low flow anaesthesia showed a 
positive effect on the inflammatory cascade. We thought 
that this was the result of the suppresed inflammatory 
pathways and mediator release. However, there is a need 
for experimental and clinical studies to confirm this. 

The major limitation of this study was the small sample size. 
Other considerable limitations of the study were that it was 
mono-centric study and did not consider other inflamma-
tory markers such as C-reactive protein, sedimentation rate 
and interleukin-6. 

Conclusion
In conclusion, the results of the study demonstrated that in 
comparison to high flow anaesthesia, the administration of 
low flow anaesthesia led to a positive effect on the inflam-
matory response by lowering NLR, PLR and RDW values.
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