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ABSTRACT

Background: Anesthesia for laparoscopic surgery has developed and advanced significantly, resulting in a technique that is
safe and provides better outcome than before. Low flow anesthesia is newer technique which is more economic, ecofriendly and
effective. But there is reluctance in combining these two techniques due to risk of hypoxia and hypercapnia. So, this study was
conducted to prove that low flow anesthesia is safe in laparoscopic surgeries.

Method: A prospective observational study including 70 patients (ASA I/ll, 18-65 years) undergoing various laparoscopic pro-
cedures was conducted with the permission of institutional ethical committee and patient's consent. Selected patients were
assigned into two groups with fresh gas flow 3L and 0.5L in high and low flow group respectively. The inspiratory and expiratory
concentrations of various gases were compared. Also, the increase in soda lime temperature and change in liver/kidney func-
tions were studied.

Result: Demographic data in both the groups were comparable. Inspiratory and expiratory concentration of oxygen, carbon
dioxide and sevoflurane were comparable at all intervals of time without any complication. Temperature of sodalime increased in
both the groups, but was comparable. Also, there was no significant change in postoperative liver/kidney function tests.

Conclusion: Low flow technique is a safe, efficient technique of general anesthesia for laparoscopic surgery.
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INTRODUCTION

Laparoscopic procedure is a principle technique for mini-
mally invasive procedure and has been currently employed
in multiple surgical disciplines. This technique has improved
greatly during the past few years towards more patient com-
fort and safety. The advantages of laparoscopy in comparison
to open abdominal surgery include reduced surgical trauma,
less pain, fewer post-operative pulmonary complications,
and shorter recovery time and a lower incidence of postop-
erative wound infection'?. The disadvantages include longer
surgical duration and higher equipment cost.! So, the field of
anesthesia must also grow and evolve in order to provide safe
anesthesia for these kind of procedures. The anesthesiolo-
gist should have an understanding of the pathophysiological
consequences from the pneumoperitoneum, to be prepared to
prevent, detect and manage the possible alterations that can
occur during the intervention.

Pneumoperitoneum causes an increase in systemic vascular
resistance, pulmonary vascular resistance, while causing a
decrease in cardiac output. However, mean arterial pres-
sure is increased overall because increase in SVR exceeds
decrease in cardiac output.* These effects are proportional
to the increase in IAP and can be exacerbated by the re-
verse trendelenberg position or if patient is hypovolumic.
Bradycardia, cardiovascular collapse and asystole in healthy
patients have been described, which are attributed to deep
vagal reflexes due to sudden insufflations. Pneumoperito-
neum transmits upward pressure to thorax and elevates the
diaphragm, compresses the lungs and impedes expansion of
the lungs and chest cavity (i.e. decreases thoracopulmonary
compliance) leading to reduced functional residual capacity
and basal atelectasis*. Furthermore, the pulmonary compli-
cations like subcutaneous emphysema, pneumothorax, endo-
bronchial intubation, gas embolism can also occur.
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In upper abdomen procedures, positioning in different anti
trendelenburg degrees causes a reduction in the venous re-
turn and therefore in the cardiac output that can reach upto
50% of baseline. In lower abdomen procedures (pelvic,
gynecology) trendelenburg position is used, sometimes in
an exaggerated degree which makes ventilatory condition
worse, but improves venous return and increases cardiac
output in healthy patients. Because of venous stagnation,
cyanosis and edema in the face and neck may be expected
and if this position is maintained for an extended duration,
cerebral edema and retinal detachment may occur. Litho-
tomic position is associated with much higher rise in ve-
nous return. All these physiological changes and potential
complications makes anesthesia risky. But laparoscopy de-
mands a safer technique of anesthesia to justify its useful-
ness over open procedures.

Low-flow anesthesia technique provides conservation of
the heat and humidity of the respiratory system, while min-
imizing cost and preventing air pollution. The physiology
of the tracheobronchial environment is protected as muco-
ciliary clearance is better maintained in this technique than
in high-flow anesthesia®®. As the waste gases are reduced-
atmospheric pollution is lowered, occupational hazard to
operating room staff is decreased and ecological balance
is maintained. A number of studies have been conducted
evaluating the use of low flow anesthesia in open surgeries,
but hardly a few studies conducted including all types of
laparoscopic procedures. Potential reasons can be increased
incidence of hypoxia, hypercarbia that can make the case
difficult. This study was designed to test all those reasons
which made anesthesiologist to hesitate in accepting low
flow anesthesia technique for laparoscopic procedures of
limited duration.

The aim of study was to assess whether low flow technique
is compatible with laparoscopic surgery. Primary objectives
were to compare the inspiratory and expiratory concentra-
tion of various gases at different time interval, to observe
the rise in temperature of sodalime canister and compare the
preoperative and postoperative kidney/liver function tests to
confirm the safety of this technique.

MATERIALS & METHODOLOGY

This prospective observational study was conducted in a ter-
tiary hospital in Maharashtra after approval from the hospi-
tal’s ethics committee on 70 patients, age in the range of 18
to 60 years undergoing elective laparoscopic surgeries under
general anaesthesia of limited duration (upto 2 hours). Ex-
clusion criteria were patients under ASA III /IV, patients with
known hepatic, pulmonary, renal, or neuromuscular disor-
der, clinically significant laboratory abnormalities, unstable
angina, history of myocardial infarction <6 months ,obesity,

history of adverse reaction from exposure to any anaesthetic
drug, pregnancy or breast feeding..

A detailed pre-anesthetic evaluation and written informed
consent was taken from all patients. The patients were al-
located into two groups of 35 each randomly by computer
generated chits about technique low or high flow in either of
the group. Routine investigations were obtained along with
serum creatinine, blood urea & aspartate transferase, alanine
transferase, alkaline phosphatase, total serum protein, serum
albumin, serum bilirubin (total & direct) repeated at 48 hours
postoperatively.

Baseline haemodynamic parameters were recorded after
5 minute stabilization period in the pre operative room.
Standard protocol of anesthesia induction, maintenance and
monitoring were followed in all patients. All patients were
preloaded with 500 ml ringer lactate before induction. Af-
ter preoxygenation with fresh gas flow 6 litres/minute, pa-
tients were induced and intubated with appropriate size
endotracheal tube connected to Dragger primus anesthesia
work station followed by mechanical ventilation with a tidal
volume of 8ml/kg at 14 breaths/minute using ventilator and
maintained with inhalational agent sevoflurane. Bag and
mask ventilation was avoided and ryle’s tube was inserted
to deflate stomach. Inspiratory/expiratory ratio was set as
1:2. These respiratory parameters were not modified during
procedure unless mandatory due to occurrence of hypercap-
nia if any. All procedures were performed using the similar
type of circle breathing system and vaporizer of sevoflurane
by same manufacturer under standard operating room con-
ditions. Accuracy of dual cascaded flow meter was verified
by passing the fresh gas flow through dry gas meter. Peak
airway pressure, tidal volume and minute ventilation were
measured using anesthesia ventilator with respiratory me-
chanics module. Inspiratory and expiratory concentration of
0,,NO, CO, and sevoflurane and also MAC (minimal alveo-
lar concentration) were recorded using a multigas monitor
with fresh gas analyzer.

Similar patient monitoring equipments were used in all cases
for electrocardiograph, non invasive blood pressure, temper-
ature and pulse oximetry. Variables were measured immedi-
ately prior to carbon dioxide pneumoperitoneum and every
5 minutes thereafter until the end of surgery. Initially, high
fresh gas flow of 6 litres with dial setting of 2% of sevoflu-
rane in both groups were set. In control group (HFA), fresh
gas flow was 3 litres with O,:N,O i.e. 1.5 litres: 1.5 litres.
In study group (LFA), 500ml of fresh gas flow with O,:N,O
ratio 1:1 i.e. 250 ml: 250 ml was kept. During CO, pneu-
moperitoneum, intra abdominal pressure was maintained
between 12-15 mmHg by calibrated CO, insufflators. In all
cases sevoflurane concentration was adjusted throughout the
anesthesia to maintain blood pressure and heart rate within
+/-30% of base line values. The temperature of sodalime
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canister was monitored at every 15 minutes during anesthe-
sia using a temperature monitor and a probe placed in middle
of canister, at same site in all cases.

Deep venous thromboembolism prophylaxis system was
attached to lower limbs of all patients undergoing surgery.
Local infiltration with inj. Bupivacaine 0.25% 2 ml at each
port was given. At the end of surgery, after removal of port,
the vaporizer dial of sevoflurane was turned off and fresh
gas flow with 100% oxygen was increased to 6 litres/min
along with discontinuation of N,O administration.

The time required for resumption of spontaneous respiration
and extubation and for gaining orientation i.e. stating name
etc and finally modified aldrete score >8 were used to assess
the recovery characteristics. Residual neuromuscular block
was antagonized and patients were extubated after return of
all reflexes. Total consumption of sevoflurane was recorded
from the anesthesia machine software.There was no loss to
follow up.

Data was presented as mean and standard deviation.All data
were analyzed by specific statistical methods (Chi Square,
t-Test, Z-test, Fisher’s exact test and Yates’ correction) ap-
plicable to the various sets of data.

RESULT

There was no significant difference between both groups in
terms of demographic data. Patients posted for any type of
laparoscopic surgery were selected for the study.

Table 1: Distribution of patient according to type of
surgery

Upper abdominal 23 30

Gynecol ogical 10 7

Time to achieve MAC 1.2 i.e. time required to achieve sur-
gical plane of anesthesia was comparable in both the groups
(2.9240.64 in HFA and 3+0.86 in LFA). Intraoperatively,
respiratory parameters were comparable. Inspiratory oxy-
gen concentration decreased with time but never dropped
below 44.4% in any group. Nitrous oxide was found to be
increasing slowly. Also, concentration of sevoflurane was
lower in LFA as compared to HFA group. There was no
incidence of hypoxia, hypercapnia or arrhythmia in any of
the group.

Table 2: Comparison of inspiratory and expiratory
concentration of respiratory gases

Ins O2% 5 min 50.8 50.48
10 min 48.44 47.76
20 min 47.84 46.92
30 min 47.32 46.48
60 min 46.4 45.91
90 min 45 44.4
120 min 43.2 42.3
Exp 02% 5 min 50.68 50.28
10 min 47.12 46.88
20 min 45.24 44.36
30 min 44.5 44.44
60 min 43.8 43.49
90 min 42.5 41.44
120 min 40.7 401
Ins N20% 5 min 41.72 41.8
10 min 43.32 42.56
20 min 44.44 43.8
30 min 44.6 44.92
60 min 46.4 43.52
90 min 473 453
120 min 48.8 47.12
ExpN20%  5min 37.6 37.12
10 min 40.6 39.72
20 min 43.4 40.68
30 min 43.92 41.84
60 min 43.4 43.68
90 min 44.7 44.9
120 min 46.8 47.4
Ins sevovol% 5 min 2.39 2.08
10 min 2.46 1.83
20 min 2.9 2
30 min 2.76 1.5
60 min 2.14 1.85
90 min 2.53 1.94
120 min 2.32 1.76
Exp sevo 5 min 1.92 .67
vol% .
10 min 2.08 1.6
20 min 2.43 177
30 min 2.49 1.8
60 min 1.88 1.71
90 min 2.2 1.98
120 min 1.98 1.76
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EtCO,, peak airway pressure and minute ventilation were
within acceptable range in both the groups at all stages of
surgery, although EtCO2 was found slightly higher in LFA
group. Mean of EtCO2 in all conditions was less than 45.
It is evident that the ventilator parameters remained in the
normal range in both the groups with these two different an-
aesthesia techniques.

Table 3: Comparison of respiratory mechanics

EtCO2 5 min 31.6 33.28
10 min 31.84 44.4
20 min 31.76 32.76
30 min 32.76 33.68
60 min 34.2 36.03
90 min 34.4 35.8
120 min 33.1 37.2

PAP 5 min 15 15.64
10 min 15.58 16.92
20 min 17.84 18.92
30 min 14.64 19.32
60 min 16.4 17.7
90 min 16.44 17.54
120 min 16.23 16.76

MV 5 min 5.86 5.53
10 min 6.05 5.67
20 min 83 5.73
30 min 6.21 5.83
60 min 5.44 5.69
90 min 6.87 6.12
120 min 7.34 7.24

Haemodynamically, patients were stable in both the group at
all intervals. Stress response of intubation was evident. But
later on, gradually settled to near baseline Depth of anes-
thesia was maintained to overcome surgical stimuli at every
point by BIS kept in 40-60.

CO, absorption by sodalime is an exothermic reaction. This
was evident by the observation of increase in temperature of
sodalime canister. The temperature of canister was compa-
rable preoperatively, but around 30 minutes intraoperative,
there was a significant rise. The mean of temperature were
comparable with p value >0.05.

26
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23

W HFA
22

W LFA
21 +

20

19
Mean

Preop 30 mins

Chart 1: Comparison of temperature of sodalime canister

Extubation was uneventful in all cases. Further on observa-
tion it was found that a few patient had postoperative compli-
cation in terms of nausea, vomiting and agitation, but were
easily treated with drugs and counseling.

There was no major difference between two groups in preop-
erative and postoperative kidney function test or liver func-
tion test. Patients were also clinically stable and healthy.

Table 4: Comparison of renal function and liver func-
tion test in LFA group

S.creatinine 0.66 0.748 0.736 0.792
BUL 18.76 19.72 15.16 15.84
AST 20.88 21.16 20.04 20.2
ALT 22.08 23.88 20.92 21.72
ALK. PO, 29.76 30.84 30.44 30.88
DISCUSSION

Laparoscopic surgery is not without its own specific risks,
either due to individual laparoscopic techniques or due to the
physiological changes associated with the creation of a pneu-
moperitoneum. As a result, anesthetic techniques for lapa-
roscopic surgery must be refined according to it.* With the
development of modern workstation, monitoring devices,
lower solubility inhalational agent and other safe drugs, an-
esthesia has moved towards a more eco friendly, economic
and safer technique. Actually to justify anesthesia of laparos-
copy, it must parallel the advantages laparoscopy provides,
simultaneously considering the problems it can give birth
to. However, anesthesia practitioners, as well as pharmacy
and therapeutic committees, are demanding proof that a new
more costly drug or technique is superior to preexisting one
in achieving the desired effect, enhances efficacy and reduces
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health care costs.! In this study, we tried to test the reasons
which made anesthesiologists to be reluctant for using low
flow with laparoscopic procedures.

Traditionally, anesthesiologists participating in laparoscopic
cholecystectomy have been quite cautious about adapting
low flow anesthesia due to reason like-

1. potential for inducing hypoxia, hypercarbia
more increase in temperature of sodalime canister
3. accumulation of toxic degradation products such as
compound A by sevoflurane due to exhaled carbon di-
oxide rebreathing and administration of small amount
of oxygen less than 500ml/min'"!
EtCO, helps in controlling the carbon dioxide absorption-
elimination equilibrium. In healthy individuals it correlates
with PaCO, from 4-8 mm Hg. In our study inspiratory oxy-
gen never fell below 40% and EtCO, never rose above 45
mm Hg in LFA group. These findings suggest that clinically
significant rebreathing does not occur with a limited period
surgery. Similar findings were observed by Young Ho Jang et
al'l. Also, patients were haemodyanamically stable without
any signs of distress. There was no tachycardia, desaturation
or increase/decrease in blood pressure at any time interval.

The next concern used to be proportionately more increase in
temperature of sodalime canister with lower fresh gas flow.
This becomes more significant with sevoflurane, which de-
grades to compound A, a nephrotoxic substance. Compound
A is found to be dose-related nephrotoxin in rats, but renal
toxicity, as defined by an increase in serum creatinine or
BUN, has not been reported in surgical patients. The liter-
ature indicates that for care of surgical patient, the change
from preoperative levels in serum creatinine and BUN levels
is the most practical predictor of postoperative renal dys-
function and they are widely available, inexpensive, and
have been clinically validated as predictive of renal function
A2 In present study, it was noted that there is increase in
temperature of sodalime with time and it was a little more in
LFA group because low flow technique preserves heat and
humidity in the breathing circuit. But they were comparable
as p value was insignificant. To confirm the patient safety
pre/postoperative KFT and LFT were recorded. There was
no significant change in laboratory investigations suggesting
that low flow with sevoflurane is safe for limited hour sur-
gery. For the small variation in a few cases, it can be antibiot-
ics, surgical stress, preexisting renal disease, intraoperative
blood pressure, site of surgery, and anesthetics have been im-
plicated in the cause of renal and hepatic dysfunction /injury,
but none have been controlled for in prospective studies. '

Thus, this anesthetic technique offers a means of reducing
expenditure without reducing patient care; indeed it could
be argued that patient care is increased as a result of the in-
creased monitoring which they receive.'s

CONCLUSION

In conclusion, LFA with sevoflurane using fresh gas flow
of 0.5 L with setting of 50% oxygen and nitrous oxide for
laparoscopic procedures is safe without any significant like-
lihood of risks involved.
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