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ABSTRACT

Sevoflurane is an inhalation anaesthetic agent degradation by
carbon dioxide absorbents during low flow anesthesia forms the
haloalkene compound A, which causes nephrotoxicity in experimental
animals. Numerous studies have shown no effects on postoperative renal
function after moderate (1-3 hours) low flow sevoflurane, anesthesia.
However, effects of longer exposures remain unresolved. The purpose of
this study was to reveal the effects of low flow sevoflurane anesthesia in
humans, following long duration surgery, on renal and hepatic functions

compared to pre operation reading.

The study was carried out on 20 adult patients classified ASA | and Il and

of both sexes.

Pre and postoperative laboratory investigations were done for all
patients before anesthesia and every day postoperatively for tow
postopertive days. These included blood urea nitrogen, serum creatinine,
aspartate  aminotransferase, alanine  aminotransferase, lactate
dehydrogenase, alkaline phosphatase, serum total bilirubin and 24 hours
urinary proteins, albumin, glucose and creatinine. The current study
showed no significant differences in liver and renal function before and

after long surgery with low flow sevoflurane.
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Chapter 1

INTRODUCTION



1.1. SEVOFLURANE

Since the clinical introduction of holothane (in 1956) as the first
nonflammable anesthetic agent (1,2), the quest for new inhalation
anesthetic agents with better physical, pharmacokinetic and
pharmacodynamic properties has centred upon the development of

compounds with the following main properties (3,4),

Rapid and tolerable induction of, and recovery from anesthesia.
Rapid adjustment of the depth of anesthesia.

Adequate skeletal muscle relaxation.

Wide safety margin between concentrations producing the desired

pharmacological effect and those producing toxicity.

less of toxic effects or other adverse events at normal doses.

NAME OF THE DRUG:

Non-proprietary name: fluoromethyl 2,2,2,-trifluoro-1-

(trifluoromethyl) ethyl ether



Chemical structure:

=
F F-C-F
H-C-0-C-H
H F-C-F

F

Adopted from : http://quod.lib.umich.edu/m/medchemlic/x-1191/sevoflurane__tif

Figure 1.1 : Structural formula of Sevoflurane



Adopted from: https://en.wikipedia.org/wiki/Sevoflurane

Figure 1.2: Ball-and-stick model of the sevoflurane molecule


https://en.wikipedia.org/wiki/Sevoflurane
https://en.wikipedia.org/wiki/Sevoflurane

Description:

Sevoflurane (C4H3F;O), volatile liquid for inhalation, a non-
flammable and nonexplosive liquid administered by vaporization, is a

halogenated general inhalation anaesthetic drug.

Sevoflurane, Physical Constants are:

Molecular weight 200.05

Boiling point at 760 mm Hg 58.6°C

Specific gravity at 20°C 1.520 -1.525
Vapour pressure in mm Hg 157 mm Hg at 20°C

197 mm Hg at 25°C

317 mm Hg at 36°C

Sevoflurane is a clear, colorless, stable liquid containing no
additives or chemical stabilizers. Sevoflurane is non pungent. It is
miscible with ethanol, ether, chloroform and petroleum benzene, and it is
slightly soluble in water. It is stable when stored under normal room
lighting conditions according to instructions. Sevoflurane is chemically
stable. No discernible degradation occurs in the presence of strong acids
or heat (5).



1.2. PHARMACOLOGY::-
1.2.1. Pharmacokinetics:

The wash-out of an anesthetic agent is influenced by its solubility
in blood (as is the uptake), and agents with low blood solubility are likely

to wash-out quickly from body tissues (6).

The low solubility of sevoflurane in blood would suggest that
alveolar concentrations should rapidly increase upon induction and

rapidly decrease upon cessation of the inhaled agent (7).

The rapid pulmonary elimination of sevoflurane minimizes the
amount of anaesthetic available for metabolism. In humans,
approximately 5% of absorbed sevoflurane is metabolized by CYP2 E1 to
hexafluoroisopropanol (HFIP), with release of inorganic fluoride and CO,
(or a one carbon fragment). Once formed, HFIP is rapidly conjugated
with glucuronic acid and eliminated. No other metabolic pathways for
sevoflurane have been identified. It is the only fluorinated volatile

anaesthetic that is not metabolized to trifluoracetic acid (7).
Pharmacokinetics of fluoride lon

Hepatic degradation of sevoflurane liberates inorganic fluoride ions (F)
and the principal organic by-product hexafluoroisopropanol (HFIP)
which accounts for 82% of the organic fluorinated metabolites (8).

In humans, HFIP undergoes glucuronidation immediately after formation
(9).

and the glucuronide conjugate is then primarily excreted in the urine
(9,10). Peak urinary excretion of HFIP glucuronide, which has an
excretion half-life of 55 hours (11), occurs in the first 12 hours after

discontinuation of sevoflurane anesthesia (11,12), and little or none of



this metabolite is present in the plasma beyond 2 to 6 days after
anesthesia (9,11).

Renal toxicity has not been reported even though fluoride is a
metabolic product. Sevoflurane breaks down in the presence of soda lime,
producing compound A fluoromethyl-2,2- difluoro-1-(trifluoromethyl)
and giving rise to controversy and investigation although the toxicity of

compound A is more theoretical than real.

Fluoride ion concentrations are influenced by the duration of
anesthesia, the concentration of sevoflurane administered, and the
composition of the anaesthetic gas mixture. Compared with healthy
individuals, the fluoride ion half-life was prolonged in patients with renal

impairment, but not in the elderly (5).
Compound A:

Although data from controlled clinical studies at low flow rates are
limited, findings taken from patient and animal studies suggest that there
is a potential for renal injury, which is presumed due to Compound A.
Animal and human studies demonstrate that sevoflurane administered for
more than 2 MAC and at fresh gas flow rates of <2 L/min may be

associated with proteinuria and glycosuria (5).

While a level of Compound A exposure at which clinical
nephrotoxicity might be expected to occur has not been established, it is
prudent to consider all of the factors leading to Compound A exposure in
humans, especially duration of exposure, fresh gas flow rate, and
concentration of sevoflurane. During sevoflurane anesthesia the clinician
should adjust inspired concentration and fresh gas flow rate to minimize
exposure to Compound A. To minimize exposure to Compound A,

sevoflurane exposure should not exceed 2 MAC at flow rates

6



of 1 to <2 L/min. Because of limited clinical experience with sevoflurane
in low-flow systems, fresh gas flow rates below 2L/min in a circle

absorber system are not recommended.
1.2.2. Pharmacodynamics:

The anesthetic potency of sevoflurane, quantified as the minimum
alveolar concentration (MAC) that, at steady state, produces immobility
in 50% of individuals exposed to a noxious stimulus (13), as with other
volatile anesthetic agents (14,15), the MAC of sevoflurane decreases with
increasing age or with concomitant use of nitrous oxide (N,0O) (16), or
opioids (17).

The MAC-awake, defined as the minimum alveolar concentration
suppressing appropriate responses to verbal command (18), ranges from
0.60 to 0.68 % for sevoflurane (19,20) and, like MAC, it decreases with
increasing age (20,21). The duration of anesthesia affects neither the
MAC (6). nor the MAC-awake (22).

Sevoflurane is an inhalation anaesthetic agent for use in induction
and maintenance of general anesthesia. Administration has been
associated with a smooth, rapid loss of consciousness during inhalation
induction and a rapid recovery following discontinuation of anesthesia.
Minimum alveolar concentration (MAC) of sevoflurane in oxygen for a
40 year old adult is 2.1%.

Induction is accomplished with a minimum of excitement or of
signs of upper respiratory irritation, no evidence of excessive secretions
within the tracheobronchial tree and no central nervous system
stimulation. Changes in the depth of sevoflurane anesthesia rapidly

follow changes in the inspired concentration.



Sevoflurane is the only ethereal anesthesia that does not trigger a

reflex response or cause airway irritation during inhaled induction.

Sevoflurane seems to be the pediatric anesthetic of choice and it is
also highly useful for anesthesia in ambulatory patients. Sevoflurane
gives rise to hemodynamic stability, is not arrhythmogenic, and does not
sensitize the myocardium to the effects of catecholamines. The effects on

cerebral blood flow are minimal at low concentrations.
Risks associated with CO, Absorbents:

When in contact with alkaline CO, absorbents within the
anaesthesia machine, sevoflurane can undergo degradation under certain
conditions. Sevoflurane should not be used with desiccated CO,

absorbents.

The exothermic reaction that occurs with sevoflurane and CO, absorbents
Is increased when the CO, absorbent becomes desiccated, such as after an
extended period of dry gas flow through the CO; absorbent. Rare cases of
extreme heat, smoke and/or spontaneous fire in the anesthesia machine
have been reported during sevoflurane use in conjunction with the use of
desiccated CO, absorbent. When a clinician suspects that the CO,
absorbent may be desiccated, it should be replaced before administration
of sevoflurane. Degradation and formation of degradation products
(methanol, formaldehyde, carbon monoxide, and Compounds A, B, C, D,
and E) are increased by desiccated CO, absorbents (especially potassium
hydroxide—containing absorbents), by increasing absorbent temperature,

and by increased sevoflurane concentration.



1.3. Renal Functions:

Because clinical experience in administering sevoflurane to
patients with renal insufficiency (creatinine >1.5 mg/dL) is limited, its
safety in these patients has not been established. Limited pharmacology
data in these patients appear to suggest that the half-life of sevoflurane
may be increased. The clinical significance is unknown at this time. Thus,
sevoflurane should be used with caution in these patients and renal

function should be monitored postoperatively.

Sevoflurane may be associated with glycosuria and proteinuria

when used for long procedures at low flow rates.
1.4. Hepatic Functions:

Results of evaluations of laboratory parameters (e.g., ALT, AST,
alkaline phosphatase, and total bilirubin, etc.), as well as investigator-
reported incidence of adverse events relating to liver function,
demonstrate that sevoflurane can be administered to patients with normal
or mild-to-moderately impaired hepatic functions. However, patients with

severe hepatic dysfunction were not investigated.
1.5. Soda lime:

Is a mixture of chemicals, used in granular form in closed breathing
environments, such as general anaesthesia, submarines, rebreathers and
recompression chambers, to remove carbon dioxide from breathing gases

to prevent CO; retention and carbon dioxide poisoning (23).
The main components of soda lime are:
« Calcium hydroxide, Ca(OH), (about 75%)

. Water, H,O (about 20%)


http://www.answers.com/topic/calcium-hydroxide
http://www.answers.com/topic/water

« Sodium hydroxide, NaOH (about 3%)
« Potassium hydroxide, KOH (about 1%).

While administering genearal anesthesia, the patient's expired
gases, which contain carbon dioxide, are passed through an Anaesthetic
machine breathing circuit filled with soda lime granules. Medical grade
soda lime has indicating dye that changes color when the soda lime loses

its carbon dioxide absorbing capacity.
The overall reaction is:
CO; + Ca(OH); — CaCOs + H,0 + heat (in the presence of water)

The reaction can be considered as a strong base catalysed, water

facilitated reaction (24).
1.6. The Closed Circuit:-

A Dbreathing system is defined as an assembly of components,
which delivers gases from the anesthesia machine to the patients' airways.
When the components are arranged as a circle, it is termed a circle
system. The flow of exhaled gases is unidirectional in the system. The
system contains a component (absorber), which absorbs exhaled carbon
dioxide and it is not necessary to give high fresh gas flows as in
Mapleson systems. When the adjustable pressure limiting (APL) valve is
closed and all the exhaled gases without carbon dioxide are returned to
the patient, the system becomes a totally closed one. Such a circle system
can be used with flows as low as 250 to 500 mL and clinically can be

termed as low-flow systems (25).

Low flow anesthesia can be defined as a technique which, using a

rebreathing system, results in at least 50% of the exhaled air being

10
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returned to the lungs after CO, absorption. If modern rebreathing systems
are used, this degree of rebreathing is achieved only if the fresh gas flow
Is reduced to about 2L/min (26).

Closed system anesthesia is a term reserved for a technique in
which significant leaks from the breathing system have been eliminated
and maintenance fresh gas flow is just sufficient to replace the volume of

gas and vapour taken up by the patient (27).

11



Excess gas is

vented out through
the pop-off (APL)
valve to the T E
scavenging

system.

6 ..through the
expiratory
limb one-way

valve...

5 ..from the patient through the
expiratory breathing tube...

i & out of
the reservoir
bag...

...threugh the
Y-piece to the
...through the patient...
absorbent
canister
where CO; is
removed...

..and then back
towards the
patient.

3 ..then flows through the
inspiratery breathing tube...

1 Fresh gas 2
enters the 4 flows
circle from through the
the common inspiratory
gas outlet of limb one-way

machine...

Adopted from: https://instruction.cvhs.okstate.edu/vmed5412/Lecture09.htm

Figure 1.3: The Circle System.
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1.7. Low flow anesthesia-the theory:
Rebreathing systems can be used in different ways:

If used with a fresh gas flow equal to the minute volume of the
patient, the share of rebreathing will be negligible. Nearly completely, the
expired air will be vented out of the system as excess gas via the
adjustable pressure limiting valve (APL-valve), the patient gets nearly

pure fresh gas (28).

If a flow of 4.0 L/min. is used, the share of rebreathing will
increase to about 20%. The patient inhales a gas the composition of

which is still resembling that of the fresh gas (28).

Only if the flow is reduced to 2.0 L/min. or lower values, the share
of rebreathing will reach 50% or more. Thus, only when low fresh gas
flows are used the share of rebreathing will become significant, and

judicious use is made from the rebreathing technique(28).

According to the literature two different low flow techniques can
be distinguished. The term low flow anesthesia was introduced by Foldes,
starting an anesthetic technique performed with a fresh gas flow
of 1.0 L/min (29). , Virtue introduced the term Minimal Flow Anesthesia

by recommending the use of an even lower flow of 0.5 L/min (30).

As emphasized beforehand, the lower the fresh gas flow the lower
is the amount of gas vented out of the breathing system as waste and the

higher is the proportion of rebreathing.

The general term-low flow anesthesia-should be restricted to
defining an anesthetic technique in which a semiclosed rebreathing

system is used recirculating at least 50% of the exhaled air back to the

14



patient after CO, absorption .Using modern rebreathing systems this will

be achieved only if the fresh gas flow is reduced to 2 L/min or less (26).

However, there is a limit for reducing the fresh gas flow. To
prevent gas volume deficiency, at least the gas volume definitely taken up

by the patient has to be delivered into the breathing system.

During the course of anesthesia, oxygen is taken up constantly by
the patient in the range of the basal metabolic needs. It can be calculated

by applying a simplified version of Brody’s formula (31).
VO,=10 X BW[Kg]**
Where VO, = oxygen consumption,
BW = Body weight,
Kg = Kilograms.

The uptake of nitrous oxide and the volatile anesthetic, however, follow
a power function. Nitrous oxide uptake of a normal body weight adult

patient can be roughly estimated by applying Severinghaus’ formula (32).
VN20= 1000 X t2
Where VNZ20 = Nitrous oxide uptake in ml/min.
t = Time elapsed in minutes.
1.7.1. Characteristics of low flow anesthesia:

a- The lower the fresh gas flow, the greater the difference between the
gas composition within the breathing circuit and the composition of the

fresh gas. This may increase the risk of inadvertent hypoxia.

15



b- The lower the fresh gas flow, the longer the time constants for
equilibration. This is a measure of the time it takes for alteration of the
fresh gas composition to lead to corresponding alteration of the gas
composition within the breathing system. Together with the previous
character low flow may increase the risk of accidental misdosage of

anesthetic agent.

c- The lower the fresh gas flow, the lower is the washout of exhaled g
ases. This is due to reduction of the excess gas volume vented out of the
system which may lead to accumulation of trace gases that might be
harmful to the patients (33).

1.7.2. Advantages of low or minimal flow anesthesia:-
(A) Economic:

One of the principal advantages of low flow anesthesia is the
enormous decrease that can be achieved in anesthetic gas consumption

which in turn leads to considerable cost saving (26).

(B) Environmental:

Although there is no evidence that subanesthetic concentrations of
anesthetic gases in the environment have significant harmful influences
on the staff in the operating theatre, anesthetists must accept that
increasingly stringent official regulations are being imposed concerning
the maximum acceptable workplace concentrations of all anesthetic gases
(34).

The extremely low anesthetic gas concentration levels acceptable
in the operating room atmosphere can be achieved (even with careful
maintenance of anesthetic apparatus and good attention to leaks from

breathing systems) only by the use of low flow techniques (30), low flow

16



anesthesia reduces the exposure of the operating room personnel to

inhalational anesthetics (35).

However, high flow anesthesia will inevitably result in pollution of
the atmosphere beyond the operating theatre (36), occupational exposure
to waste anesthetic gases has many deleterious effects on anesthetists and

other operating room personnel (37).
Conservation of heat and humidity:

Inspiration of cool dry gases leads to impaired mucociliary
function with subsequent microatelectasis, potential for infection and
impaired gas exchange. Respiratory fluid loss and heat loss contribute to
postoperative hypothermia after prolonged anesthesia, but use of
appropriate gas flow rates can improve inspired gas humidification and

temperature (38).

A raised temperature and water vapor content of the inhaled
anesthetic gases preserve the anatomical and functional integrity of the
ciliated epithelium of the respiratory tract (28). Low flow anesthesia
significantly increases the warmth and humidity of anesthetic gases (39).
The use of low fresh gas flow rate in patients provides relative humidity

equivalent to circuit humidifiers (40).
1.7.3. Risks of low flow anesthesia:
(A) Increased risk of hypoxia:

During low flow anesthesia, if inhaling a mixture of oxygen
together with other gases, there may be considerable differences between
the inspired oxygen concentration and the oxygen concentration in the
fresh gas. The lower the fresh gas flow and the higher the proportion of

rebreathing, the lower the potential inspired concentration (assuming a
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constant fresh-gas oxygen concentration). Thus to ensure that the
potential inspired oxygen concentration remaining at a safe value, the
oxygen concentration in the fresh gas must be increased as fresh gas flow
decreases. Compliance with this simple rule is a safe way to avoid the

delivery of hypoxic mixture during low flow anesthesia (26).
(B) Increased risk of over or under dosage of inhalation anesthetic:

In rebreathing circuits, it is necessary to deliver to the breathing
circuits a total quantity of anesthetic agents that will maintain the alveolar
concentration at the desired level while allowing the uptake by the body.
During the early period of anesthesia this can not be achieved using low
fresh gas flow. For this reason together with the need to allow nitrogen
washed out from the body stores to be eliminated from the breathing
system, it is necessary to use fresh gas flow of at least 3-4 L/min. for the
first 15-20min. of anesthesia. Modern vaporizers feature flow
compensation that guarantees the accurate delivery of the dialed

concentration even at very low fresh gas flows (26).

Lower solubility should enable more rapid uptake and so
potentially enables the flow to be reduced earlier (41). Also lower
solubility implies less ongoing uptake of the anesthetic agent and so less
risk of the alveolar concentrations decreasing progressively at the low
flow rates. If the uptake of agent continues to be high, there is a risk that
the alveolar concentration of the volatile agent will diminish and result in

a change in the depth of anesthesia (42).
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(C) Increased risk of hypercarbia:

The utilization period of carbon dioxide absorbent depends
predominantly on the degree of rebreathing and the volume of the
absorbent canister (43). Continuous carbon dioxide monitoring is a means
by which the risk of accidental carbon dioxide rebreathing may be
detected, as exhaustion of the absorbent can be recognized rapidly by an

increase in the inspired concentration above zero (44).
(D) Increased risk of accumulation of dangerous trace gases:

During closed system and very low-flow anesthesia, there is a
potential for accumulation of trace gases because of the low rate of

washout as nitrogen ,methane and acetone (45).
(E) Nephrotoxic degradation products:

sevoflurane is degraded to produce compound A, especially with
high minute ventilation, lower fresh gas flow, higher absorbent
temperature, baralyme>sodalime, increasing anesthetic concentration and

possibly increased carbon dioxide absorption (46).
1.7.4. Requirements for the safe use of low flow anesthesia:

()  Oxygen saturation (Sa0O;), end-tidal carbon dioxide
(ETcoz) and inspired oxygen concentration (FiOy)

monitoring.
(I1)  Agent specific monitoring.
(I11) A measure of circuit volume.

(IV) Presence of a leak—free circle system and CO,

absorbent.
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(V) Accurate flow meters (calibrated down to 0.2 L/min).
(V1) An inhalation anesthetic with very low solubility.

(VII) A delivery system, flow compensated to fresh gas

flow (FGF) rates as low as 0.2 L/min.

(VII) The following important considerations must be
addressed when wusing low and minimal flow

anesthesia;-

The delivered N,O concentration should be reduced at flow

rates below 0.5 L/min.

2- More frequent replacement of carbon dioxide absorbent
canisters may be needed.

3- The need to washout the circuit occasionally during very
long procedures.

4-  The use of higher fresh gas flow rates initially to achieve

anesthetic wash-in, and reach the desired inhaled

concentrations rapidly (47).

1.8. Laboratory assessment of liver functions:

Because the liver performs multiple functions, no single laboratory

test or battery of tests is sufficient to provide a complete estimate of the
function of the liver in every clinical situation. A broad array of
biochemical tests are used to assess many functions of the liver and to
evaluate patients with suspected or established liver disease. These tests
are referred to collectively as “liver function tests” (LFTs). This term has
been criticized because the tests used most commonly to evaluate liver

disease-the serum aminotransferase and alkaline phosphatase levels do
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not actually assess a known systemic function of the liver but represent

markers of liver cell damage or dysfunction (49).
e Aminotransferases:

The aminotransferases- aspartate aminotransferase (AST), formerly
serum glutamic oxaloacetic transaminase and alanine aminotransferase
(ALT), formerly serum glutamic pyruvic transaminase are the most
frequently used indicators of hepatic injury and represent markers of
hepatocellular necrosis. These enzymes catalyze the transfer of the alpha-
amino groups of aspartate and alanine to the alpha-keto group of
ketoglutaric acid, resulting in the formation of oxaloacetic acid and
pyruvic acid, respectively. These enzymes play a role in gluconeogenesis
by facilitating the synthesis of glucose from non carbohydrate sources.
AST is present in both the mitochondria (80 percent of the total) and
cytosol (20 percent) of hepatocytes, but ALT is found only in the cytosol
(50).

Numerous methods for assaying AST and ALT have been
developed, and the normal range varies widely among laboratories. It is
recommended to that the normal range be adjusted for sex and body mass
index (51).

Serum levels of AST and ALT are elevated to some extent in
almost all liver diseases. The highest elevations occur in severe viral
hepatitis; drug or toxin induced hepatic necrosis, and circulatory shock
(ischemic hepatitis (52). Determinations of serum aminotransferase have
proved useful as screening tests for subclinical liver disease in

asymptomatic persons (53).
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e Alkaline phosphatase:

Alkaline phosphatase is a family of isoenzymes that catalyze the
hydrolysis of a number of phosphate esters at an alkaline pH. All

enzymes in the family are glycoproteins that require zinc for activity.
Alkaline phosphatases are coded for by four genes: (54)

One gene is known to code for alkaline phosphatase isoenzymes from
liver, bone, first trimester placenta, and kidney (tissue-unspecific alkaline

phosphatase).

A second gene codes for alkaline phosphatase from third trimester

placenta and intestine.
A third gene codes for a second intestinal alkaline phosphatase.
A fourth gene probably codes for fetal intestinal alkaline phosphatase.

In the human body alkaline phosphatase has been identified in
liver, bone, intestine, placenta, kidney and leukocytes (55). Alkaline
phosphatase detectable in serum, urine, bile, and lymph is thought to

represent enzyme liberated from tissues.

In healthy people most circulating alkaline phosphatase originates

from liver or bone.

In patients with an elevated level of serum alkaline phosphatase,
the source is the liver in a majority of cases; but in up to one third of such
individuals, no evidence of liver disease can be found. Bone disease
characterized by increased osteoblastic activity also may be the source of
an elevated serum alkaline phosphatase level, as may pregnancy. Only
rarely is the intestine or kidney the source of an elevated serum level of

alkaline phosphatase (56).
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The highest elevations of serum alkaline phosphatase in patients with
liver disease occur in cholestatic disorders. Elevations occur as a result of
both intrahepatic and extra hepatic obstruction of bile flow, and the

degree of elevation does not help to distinguish the two.
e L actate dehydrogenase (LDH):

Lactate dehydrogenase (LDH) is often included in liver

biochemistry panels but has poor diagnostic specificity for liver disease.

Even measurement of LDH isoenzymes (i.e., LDH-5) has limited

clinical usefulness (49).
e Bilirubin:

Bilirubin is an endogenous organic anion derived primarily from
the degradation of hemoglobin released from aging red blood cells.
Hemeoxygenase first breaks down hemoglobin into biliverdin, carbon
monoxide, and iron. Biliverdin reductase then convents the former into
bilirubin. Bilirubin is then released into blood, where it readily binds
albumin. Inside hepatocytes bilirubin is conjugated (primarily with
glucuronide) and actively excreted into bile canaliculi. Jaundice is usually
clinically obvious when total bilirubin exceeds 3 mg/dl. A predominantly
conjugated hyperbilirubinemia may reflect hepatocellular dysfunction,
intrahepatic  cholestasis, or extrahepatic  biliary  obstruction.
Hyperbilirubinemia that is chiefly unconjugated may be seen with
hemolysis or with congenital or acquired defects in bilirubin conjugation
(49).
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1.9. Laboratory assessment of renal functions:

e Urea:-

Urea is the major nitrogen containing metabolic product of protein
catabolism in humans, accounting for more than 75% of the nonprotein

nitrogen eventually excreted.

Measurement of the plasma or serum urea concentration is widely
regarded as a test of renal function. However, a number of non renal
factors influence the circulating urea concentration and consequently
limit its utility as a test of renal function. For example, urea production
and consequently urea concentration are increased by a high protein diet,
increased  protein catabolism, muscle wasting (as in starvation),
reabsorption of blood proteins after a gastrointestinal hemorrhage,
treatment with cortisol or its synthetic analogues, in some cases of

chronic liver disease, and with decreased perfusion of the kidneys.

The plasma urea will also depend on the state of hydration of the
patient. In all the above pre-renal situations, the plasma creatinine
concentration will be normal. In postrenal conditions where obstruction to
the flow of urine is present (e.g., malignancy, nephrolithiasis, and
prostatism), both the plasma creatinine and urea levels will be increased
(57).

Although blood urea nitrogen (BUN) continues to be used for
ordering the plasma or serum urea nitrogen test, this terminology is
incorrect, as blood is rarely analyzed for urea. The factor 2.14 is used for

converting urea nitrogen mass units to those of urea.
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e Creatinine:-

Creatinine is synthesized in the kidneys, liver and pancreas. Because
creatinine is endogenously produced and released into body fluids at a
constant rate and its plasma levels are maintained within narrow limits, its
clearance can be measured as an indicator of glomerular filtration rate
(GFR) (58).

The serum creatinine level is determined by creatinine production,
state of hydration, and creatinine excretion. Increased creatinine
production is seen in acute muscle disease such as dermatomyositis, and
decreased creatinine production is seen in muscle-wasting diseases.
Decreased renal perfusion, as in shock, hypotension, congestive heart

failure, or cirrhosis, will decrease the GFR and raise serum creatinine.

Calculating the serum urea nitrogen : creatinine ratio may be of
benefit in separating prerenal and postrenal conditions from renal
diseases as a cause of an elevated serum creatinine or urea level. The
normal serum urea nitrogen : creatinine ratio is in the range
of 10:1t0 20 : 1, it is elevated in prerenal and postrenal conditions and is

in the normal range in renal disease.

A number of methods are used to measure the GFR. Most involve

the kidneys ability to clear either an exogenous or endogenous marker.

The renal clearance of a substance is defined as the volume of
plasma from which the substance is completely cleared by the kidneys
per unit time (59).
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The clearance of a substance is given by:

__ UsXV
Ps

Cs

Where: Cs = Clearance in units of milliliters of plasma cleared of a

substance per minute.
Us = Urinary concentration of the substance.
V = Volumetric flow rate of urine in milliliters per minute .
Ps = Plasma concentration of the substance.
The marker used for measurement of GFR should be:

(1) Freely filterable at the glomerular barrier, (2) not reabsorbed by the
tubules, (3) not secreted by the tubules, (4) present at a stable plasma

concentration.

Creatinine: is the most widely used endogenous marker of GFR is

measurement of serum creatinine and urine creatinine.
e Urinary albumin:-

Glomerular integrity can be assessed by measuring the
concentration of urine protein (either total and/or individual proteins) that
Is predominantly retained by the healthy glomerulus (60).

If glomerular permeability increases as a consequence of inflammation or
basement membrane damage, there will be an increase in the filtered load
of all proteins. The most characteristic feature, however, will be the
increasing amounts of the higher molecular weight proteins such as

albumin excreted into the urine (60).
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1.10. Aim of this study:

The aim of this study is to evaluate the effects of low flow sevoflurane

anesthesia on hepatic and renal functions in lengthy surgical operation.
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Chapter 2

PATIENTS AND METHODS



2.1. Patient eligibility:

After approval of departmental ethics and research committee and
obtaining informed consent, Twenty adult patients of American Society
of Anesthesiologists (ASA) physical status class | or Il were randomly

allocated as one group (n =20).
Choice of patients:-

The patients were scheduled for surgery of suspected duration
> 4 hours at Tobruk Medical center. Their choice obeyed the following

criteria:

Inclusion Criteria:

- Sex: Male and Female
- Age: 18-55 years old.
- ASAclass: I and II.
Exclusion Criteria:

Any of the following would be a criterion for exclusion.
- Age < 18 or > 55 years.

- Diabetic and obese patients.
- Patients with history of receiving anti-psychotic drugs or alcohol.

- Patients with history, clinical or laboratory findings of hepatic,

renal, cardiovascular or pulmonary disease.
- Patients with personal or family history of malignant hyperthermia.

- Patients scheduled for urologic or hepatobiliary surgery.
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2.2. Anesthetic management :

A standard technique of anesthesia was used for all patients.

A)

(a)

(b)

Preoperative preparation:
Complete medical history was taken from each patient.

All patients were physically examined preoperatively to assess
their degree of fitness for both surgery and anesthesia and to assess

their ASA physical status.

10 ml blood sample and 24 hours urine were collected from each
patient preoperatively for base line laboratory evaluation, the

following parameters were measured.
Blood investigations:
Aspartate aminotransferase (AST).
Alanine aminotransferase (ALT).
Alkaline phosphatase (ALP).
Lactate dehydrogenase (LDH).
Total bilirubin.,
Blood urea nitrogen (BUN).
Serum creatinine.
Urine analysis for:
24 hours urine albumin.
24 hours urine glucose.

24 hours urine creatinine.
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- Other routine preoperative investigations like fasting and post prandial
blood sugar, complete blood count (CBC), and electrocardiogram (ECG)

were done.
Pre anesthetic medication:

A 20 gauge canula was inserted in a peripheral vein. All patients
were premedicated by intravenous (i.v) midazolam 1mg immediately

before induction.

(C) Pre induction

e Prior to induction, an intravenous infusion started and the patient
received at least 0.5 ml/kg Ringer lactate each hour interval while

the patient was fasting.

e Standard sensors and monitors were connected to the patient,

these included:

1- ECG.

2- Pulse oximetry.

w
1

Automated blood pressure cuff.

SN
]

Capnography and anesthetic agent monitor showing both
inspiratory and expiratory carbon dioxide and both

inspiratory and expiratory concentration of anesthetic agent.

(D) Induction of anesthesia:

e Sodalime in the anesthetic machine was changed before each
patient.

e Pre oxygenation for at least 3 minutes was allowed via face mask
with 100% oxygen then anesthesia was induced by Fentanyl
1.5pg/kg i.v., Lidocaine 0.5-1.0 mg/kg i.v., Propofol 2-2.5 mg/kg
I.v. and pancronium 0.04 to 0.08 mg/kg i.v. while the patients were
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breathing pure oxygen. When proper muscle relaxation was
achieved, the patients were intubated with oro-tracheal cuffed
tube.The tube was secured and connected to the anesthetic
machine. The chest was checked for equal air entry in both
lungs.Capnography and anesthetic agent monitor were connected to

the patients.
(E) Maintenance of anesthesia:

Following induction of anesthesia lungs were mechanically
ventilated initially with a tidal volume of 7 to 10 ml/kg, with a ventilatory
rate of 12 breath/minute, then both tidal volume and respiratory rate were
adjusted to maintain end-tidal CO, of 30-35 mmHg. Muscle relaxation
was maintained with pancronium top up doses. Proper analgesia was
maintained throughout the operation with Fentanyl i.v. bolus doses of

50 to 100 ug according to hypertensive response.
Delivery of inhalational anesthetics:

Upon connection to the anesthetic circuit, a fresh gas flow of
4L/min. of pure oxygen, for at least 20 minutes was delivered to allow for
denitrogenation of the lungs and proper equilibrium between inspired and
alveolar gas then the flow was reduced to a total flow of 1L/min of both

oxygen and nitrous oxide for the rest of the procedure.

Patients were assigned to inhale 1.0 to 1.3 MAC of sevoflurane
together with oxygen and nitrous oxide in a ratio adjusted to maintain the
oxygen concentration in the inspiratory limb at more than 30%. The
inhalational anesthetic concentrations were adjusted to maintain systolic

blood pressure within 20% of baseline.
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(F) Recovery from anesthesia:

At the end of surgery and after closure of skin the inhalational
anesthetic was discontinued. Fresh gas flow was increased to 4-6 L/min
of pure oxygen, neostigmine 0.05 mg/kg, and atropine 0.02 mg/kg were

given intravenously for reversal of residual muscle relaxation.
Patients were extubated after recovery of the protective airway reflexes.
(G) Blood sampling and urine collection:

e Two samples of venous blood (10ml each) were taken at 1% and
3" day after anesthesia for measurement of blood urea nitrogen,
serum creatinine, aspartate aminotransferase  (AST), alanine
amino- transferase (ALT), Lactate dehydrogenase (LDH), alkaline
phosphatase (ALP), and total bilirubin.

e Twenty-four hours period urine in the 1% and 3™ days after
anesthesia was collected for measurement of 24 hours urine

creatinine, glucose and albumin.

(H) Monitoring of inhalation anesthetic concentration using a pre-
calibrated multigas analyzer (built-in the anesthesia machine). The
alveolar concentrations (FA) of volatile anesthetics were recorded at
10min. intervals and calculating the mean of all readings for each patient
and the total duration of surgery was recorded in each patient to calculate
the MAC-hour exposure to inhalation anesthetic by divding the mean of
all readings of (FA) by the (MAC) value of the inhalational anesthetic

used and multiplying the result by the duration of anesthesia in hours.
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2.3. Methods:
2.3.1. Blood collection

Venous blood samples were drawn from all the participants. Blood was
collected in plain tubes, and sera were separated from plain tubes and

stored until the assays were performed .
2.3.2. Urine collection:

The first voided morning specimen is particularly valuable because it is
more concentrated and abnormalities are easier to detect. 24-hour urine
specimen is put into a large collection bottle. To prevent breakdown of
urinary components, the collection has a preservative added to it or is
refrigerated. The laboratory needs at least 10 ml of urine for a routine
UA.

2.3.3. Instruments:

The measurements of Aspartate aminotransferase (AST), Alanine
aminotransferase (ALT), Alkaline phosphatase (ALP), Lactate
dehydrogenase (LDH), Total bilirubin, Blood urea nitrogen and Serum
creatinine was measured using fully automated system (VITROS
2005,USA)

urine albumin, urine glucose and urine creatinine was measured using
BIOTEC SCA 1000 (Germany).

2.3.4. Estimation of serum Aspartate aminotransferase (AST).

Test principle:

Enzymatic Kinetic Method:

AST catalyzes the transamination of L-aspartate to a-ketoglutarate
forming L-glutamate and oxaloacetate. The oxaloacetate formed is
reduced to malate by Malate dehydrogenase (MDH) with simultaneous
oxidation of reduced NADH to NAD.
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AST
o-ketoglutarate + L-aspartate — L-glutamate + oxaloacetate

MDH
oxaloacetate + NADH +H"™ — L- Malate + NAD"*
The system monitors the rate of change in absorbance at 340 nanometers
Calculation:

VITROS nalyzer automatically calculate the analyte concentration of
each
sample.

2.3.5. Estimation of serum alanine aminotransferase (ALT).

Test principle:

Enzymatic Kinetic Method:

ALT catalyzes the transamination from L-alanine to a- ketoglutaric acid,
forming L- glutamic acid and pyruvic acid, the pyruvate that is formed
reacts with reduced NADH in the presence of lactate dehydrogenase to

form lactic acid and oxidized NAD.

a- ketoglutaric acid + L-alanine A—LT> glutamic acid + pyruvate acid
The rate of conversion of the reduced cofactor to the cofactor can be
determined by monitoring the decrease in absorbance bichromatically at
340 nanometers.

Calculation:
VITROS nalyzer automatically calculate the analyte concentration of

each sample.

2.3.6. Estimation of serum alkaline phosphatase (ALP).

Test principle:

Enzymatic Kinetic Method:

Alkaline phosphatase in serum catalyzes the hydrolysis of colorless p-

nitrophenyl phosphate to p-nitrophenol and inorganic phosphate.
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Mg2+
p- Nitrophenyl phosphate + H,O ALP, phosphate + p-nitrophenol

In an alkaline solution, p-nitrophenol is in the phenoxide form and has a

strong absorbance at 408 nm.

Calculation:

VITROS nalyzer automatically calculate the analyte concentration of
each sample.

2.3.7. Estimation of serum Lactate dehydrogenase (LDH).
Test principle:

Enzymatic Kinetic Method:

The LDH method measures the oxidation of L-lactate to pyruvate with

simultaneous reduction of nicotinamide adenine dinucleotide (NAD).

Pyruvate + NADH — Lactic acid + NAD"

The change in absorbance at 340 nm due to the appearance of reduced
NAD (NADH) is directly proportional to the LDH activity.

Calculation:
VITROS nalyzer automatically calculate the analyte concentration of

each sample.

2.3.8. Estimation of serum total bilirubin.
Test principle:
colorimetric method:

Totel bilirubin reacts in acid medium withh diazotized sulfanilic acid to
form a red colored azobilirubin,The intensity of color produced results is

the directly proportional to the amount of bilirubin present in the sample.
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Calculation:
VITROS nalyzer automatically calculate the analyte concentration of

each sample.

2.3.9. Estimation of Blood urea nitrogen (BUN).

Test principle:

Urease-colorimetric method:

The reaction involved in the assay system is as follows:

Urea is hydrolyzed in the presence of water and urease to produce

ammonia and carbon dioxide.

Urease
Urea + H,O —— 2NH3;+ CO;
The free ammonia in an alkaline pH and in the presence of indicator
forms coloured complex proportional to the urea concentration in the

specimen.

Calculation:
VITROS nalyzer automatically calculate the analyte concentration of

each sample.

Formulas: BUN (mg/dl) = Urea (mg/dl) / 2.1428

2.3.10. Estimation of serum creatinine.
Test principle:
colorimetric method:

Creatinine reacts with picric acid in alkaline conditions to form a yellow-

orange color complex.
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The rate of formation of color is proportional to the creatinine quantity in

the sample.

Calculation:
VITROS nalyzer automatically calculate the analyte concentration of

each sample.

2.3.11. Estimation of 24 hours urinary albumin.
Test principle:
colorimetric method:

the method measures the shift in the absortion spectrum from 460 to 600
nm of the complex that occurs at acid pH between pyrogallool red-
molibdate (PRM) and the basic amino group of urine albumin.
H 2.5
PRM + Urine albumin p—>PRM-aIbumin complex

Reagents:

R1: pyrogallol Reagent. succinate buffer 60 mmol/L pH 2.5, pyrogallol
red 0.06 mmol/L, sodium molibdate 0.04 mmol/L, sodium dodecyl
sulfate 0.08 mmol/L.

CAL.:urine albumin standard. Albumin 200mg/dl. Buffered mixture
(80/20) on an artificial matrix .

Procedures:
Tube Blank Sample CAL.standard
R1 1.0ml 1.0ml 1.0ml
Sample _ 20 wl _
CAL.standard _ _ 20 ul
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Mix and incubate the tubes 5 minutes at 37 -«C or 10 minutes at room
temperature. Read the absorbance (A) of the samples and the standard at
600 nm against the reagent blank.

The color is stable for 30 minutes protected from light.

Calculation:

A sample

mxv ><2000=mg/24—h

V= Liters urine /24-h

2000= mg/L standard

2.3.12. Estimation of 24 hours urinary glucose.
Test principle:
Enzymatic colorimetric method( GOD-PQOD) :

Glucose is determined after enzymatic oxidation in the presence of
glucose oxidase. The formed hydrogen peroxide reacts under catalysis of
peroxidase (PAP) with phenol and 4-aminoantipyrine to form a red violet

quinoneimine dye asindicator.
GOD ] )
Glucose + 2H,0 + O, — Gluconic acid + H,0,

PAP
2H,0; + phenol + 4-amino-antipyrine — 4H20 + Quinoneimine
Reagents:
R1:glucose standard 5.56 mmol/L.

R2: phosphate Buffer 100 mmol/L, glucose oxidase 10000 UJL,
peroxidase 2000 U/L, 4-amino-antipyrine 1mmol/L, Phenol 10mmol/L.
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Procedures:

Dilute 24h-Urine 1:10 with physiologic solution

Tube Blank Standard Sample
R2 1000 pl 1000 pl 1000 pl
Distilled water 10 ul _ _
Standard _ 10 ul _
Sample _ _ 10 ul

Mix, incubate for 10 min at 37 °C and read sample and standard

extinetion. Volumes can be proportionally modified.

Calculation:

A sample

| 24h = ———
Glucose mg / A standard

x 10 x L/24h

10 = dilution rate.

2.3.13. Estimation of 24 hours urinary creatinine.
Test principle:
colorimetric method:

Creatinine reacts with picric acid in alkaline conditions to form a yellow-
orange color complex. The rate of formation of color is proportional to

the creatinine quantity in the sample.
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Reagents:

R1:creatinine standard 2.0 mg/dl

R2: picric acid 38mmol/I

R3:sodium hydroxide 0.4 mmol/I

Reagent preparation:

Mix reagents (R2) and(R3) in the ratio 1+1 = ( Working reagent ).
Working reagent is stable 2 days at room temperature.
Procedures:

Dilute 24h-Urine 1:50 with physiologic saline 0.9%.

Tube Sample Standard
Working reagent 1000l 1000l
Sample 100l -
CAL.standard _ 1000ul

Mix, and after 30 sec. read the absorbance Alof the standard or

specimen. Exactly 2 min. later absorbance A2 of standard or specimen.
Calculation:

A2 - Al = A specimen or A standard.

tini dl = A specimen X2 x50
creatinine mg /dl = A standard

50 = dilution rate.
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2.4. STATISTICAL ANALYSIS

The data were analyzed using the statistical package for the social
sciences (SPSS). Descriptive characteristics of the study calculated
as mean = standard deviation (SD). P-values < 0.05 were regarded
as statistically significant. One way analysis of variance (ANOVA)

was used.
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Chapter 3

RESULTS



Table 3.1: Demographic characteristics of patients, duration of anesthesia

and MAC-h exposure to inhalation anesthetic (mean + SD).

patients mean + SD P-value

Age (years) 42 +11 0.558

Sex (M/F) 14/16 0.438

Height (cm) 161 +12 0.166

Weight (Kg) 65 + 15 0.134

Duration of 350 +45 0.150
anesthesia
(min)

MAC-h 10.2+2.3
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Table 3.2: Serum aspartate aminotransferase (AST) (IU/L) in
preoperative day and 1% and 3" days postoperative (data represent
means + SD).

*= Significance at p < 0.05

AST Pre-operative First day Third day

Range 13.50-31.0 25.0-45.20 22.80 - 35.50

Mean + SD 19.59 + 4.047 32.20 +4.298 28.94 + 3.499

F. test 54.564

p. value 0.001

I Pre-operative & First day |Pre-operative & Third day| First day & Third day I

0.001* 0.012*

AST

mean value
=Y = N N w w
o [6)] o (6)] o ($)]

[¢)]
!

o
.

Pre-operative First day Third day

OPre-operative @First day B Third day

Figure 3.1: Serum aspartate aminotransferase (AST) (IU/L) in
preoperative day and 1%t and 3™ days postoperative.

43



Table 3.3: Serum alanine aminotransferase (ALT) (IU/L) in preoperative
day and 1% and 3" days postoperative (data represent means + SD).

*= Significance at p < 0.05

ALT Pre-operative First day Third day

Range 9.30-18.80 20.50 —42.50 18.60 — 35.60

Mean + SD 15.045 +1.925 29.01 + 4.466 25.32 +4.411

F. test 72.887

p. value 0.001

Pre-operative & First day |[Pre-operative & Third day| First day & Third day

0.001* 0.001* 0.003*

ALT

30

25 1

20

15

mean value

10 1

Pre-operative First day Third day

OPre-operative B First day B Third day

Figure 3.2: Serum alanine aminotransferase (ALT) (IU/L) in
preoperative day and 1% and 3" days postoperative
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Table 3.4: Serum alkaline phosphatase (ALP) (IU/L) in preoperative day
and 1% and 3™ days postoperative (data represent means + SD).

*= Significance at p < 0.05

ALP Pre-operative First day Third day

Range 78 — 305 65 — 266 72-272

Mean + SD 160.8 + 48.24 109.33 +42.47 | 123.47 +39.51

F. test 7.455

p. value 0.001

I Pre-operative & First day |Pre-operative & Third day| First day & Third day I

0.009* 0.309

ALP

180 1
160
140
© 120 A
© 100 A

mean valu
(0]
o
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o
!
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Pre-operative First day Third day

OPre-operative B First day B Third day

Figure 3.3: Serum alkaline phosphatase (ALP) (IU/L) in preoperative
day and 1%t and 3" days postoperative.
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Table 3.5: Serum lactate dehydrogenase (LDH) (IU/L) in preoperative
day and 1% and 3" days postoperative (data represent means + SD).

*= Significance at p < 0.05

LDH Pre-operative First day Third day

Range 197 - 575 178 — 460 145 - 350

Mean + SD 362.8 + 80.99 294.3 + 75.69 238.0 + 59.25

F. test 14.832

p. value 0.001

I Pre-operative & First day |Pre-operative & Third day| First day & Third day I

0.001* 0.017*

LDH
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Figure 3.4: Serum lactate dehydrogenase (LDH) (IU/L) in preoperative
day and 1% and 3" days postoperative.
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Table 3.6: Serum total bilirubin (mg/dl) in preoperative day and 1% and

3" days postoperative (data represent means + SD).

*= Significance at p < 0.05

Serum total bilirubin Pre-operative

First day Third day

Range 0.30-0.70

0.60-1.20 0.50-1.10

Mean + SD 0.50 + 0.103

0.805 + 0.154 0.710+ 0.137

F. test

27.562

p. value

0.001

I Pre-operative & First day |Pre-operative & Third day| First day & Third day I

0.001*

0.028*

Total bilirubin
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Figure 3.5: Serum total bilirubin (mg/dl) in
and 3" days postoperative
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Table 3.7: Blood urea nitrogen (BUN) (mg/dl) in preoperative day and

1%t and 3" days postoperative (data represent means + SD).

*= Significance at p < 0.05

Urea nitrogen

Pre-operative First day Third day

Range

9.60-18.0 6.50 - 16.0 8.10 - 16.80

Mean + SD

13.04 + 1.86 9.53+221 11.06 + 1.96

F. test

15.180

p. value

0.001

Pre-operative & First day

Pre-operative & Third day| First day & Third day

0.001*

14

12 1

10 1

mean value
(o))

Pre-operative

0.003* 0.020*

Urea nitrogen

First day Third day

OPre-operative B First day BThird day

Figure 3.6: Blood urea nitrogen (BUN) (mg/dl) in preoperative
day and 1%t and 3" days postoperative.
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Table 3.8: Serum creatinine (mg/dl) in preoperative day and 1%t and 3™
days postoperative (data represent means + SD).

*= Significance at p < 0.05

Serum creatinine Pre-operative First day Third day

Range 0.40-0.80 0.40-0.80 0.40-0.70

Mean + SD 0.54 +0.118 0.54 + 0.094 0.51 +.093

F. test 0.395

p. value 0.676

I Pre-operative & First day |Pre-operative & Third day| First day & Third day I

0.445 0.445

Creatinine

mean value
o © o o
w IS (03] [e)]

o
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OPre-operative OFirst day B Third day

Figure 3.7: Serum creatinine (mg/dl) in preoperative day and 1** and
3" days postoperative.
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Table 3.9: 24 hours urinary albumin (mg/day) in preoperative day and
1%t and 3" days postoperative (data represent means + SD).

*= Significance at p < 0.05

urinary albumin Pre-operative First day Third day

Range 7.0-17.50 17.0-32.50 24.0-41.0

Mean + SD 12.88 + 2.88 23.59 +4.36 31.16 + 4.47

F. test 106.836

p. value 0.001

I Pre-operative & First day |Pre-operative & Third day| First day & Third day I

0.001* 0.001*

Albumin

mean value
[=Y = N N w w
o (6)] o al o ol
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!

o
.

Pre-operative First day Third day

OPre-operative OFirst day B Third day

Figure 3.8: 24 hours urinary albumin (mg/day) in preoperative day and
1%t and 3" days postoperative.
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Table 3.10: 24 hours urinary glucose (g/day) in preoperative day and 1**
and 3" days postoperative (data represent means + SD).

*= Significance at p < 0.05

urinary glucose Pre-operative First day Third day

Range 0.80-0.42 0.35-0.85 0.70-1.20

Mean + SD 0.175+0.075 0.565 + 0.139 0.927+0.141

F. test 189.407

p. value 0.001

Pre-operative & First day |Pre-operative & Third day| First day & Third day

0.001* 0.001* 0.001*

Glucose

mean value

Pre-operative First day Third day

OPre-operative BFirst day BThird day

Figure 3.9: 24 hours urinary glucose (g/day) in preoperative day and 1*
and 3" days postoperative.
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Table 3.11: 24 hours urinary creatinine (g/day) in preoperative day and
1%t and 3" days postoperative (data represent means + SD).

*= Significance at p < 0.05

Creatinine clearance Pre-operative First day Third day

Range 670 - 1610 660 — 1580 650 — 1560

Mean + SD 1202.25 + 208.49 | 1170.1 + 204.49 |1162.75 + 203.38

F. test 0.209

p. value 0.812

I Pre-operative & First day |Pre-operative & Third day| First day & Third day I

0.546 0.910

Creatinine
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Figure 3.10: 24 hours urinary creatinine (g/day) in preoperative day and
1%t and 3" days postoperative.
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Table 3.1: Demographic characteristics of patients, duration of
anesthesia and MAC-h exposure to inhalation anesthetic (mean +

standard deviation (SD) ).

Table 3.2: revealed that the preoperative aspartate aminotransferase
(AST) serum level range was (13.50 — 31.0 IU/L ) with mean + SD (19.59+
4.047) ,it was increased significantly on the 1 postoperative day (p.
value 0.001) compared to the preoperative value, and also increased
significantly on 3 postoperative day (p. value 0.012) as compared to

preoperative value and 1% postoperative day value.

Table 3.3: revealed that the preoperative alanine aminotransferase
(ALT) serum level range was (9.30-18.80 IU/L) with mean + SD (15.045 +
1.925) ,it was increased significantly on the 1% postoperative day (p.
value 0.001) compared to the preoperative value , and also increased
significantly on 3™ day postoperative day (p. value 0.003) as compared

to preoperative value and 1% postoperative day value.

Table 3.4: revealed that the preoperative alkaline phosphatase (ALP)
Serum level range was (78-305 IU/L) with mean +SD (160.8 +48.24), it
was decreased significantly in 1st postoperative day (p.value 0.001)
compared to the preoperative value , and also decreased significantly
on 3rd postoperative day (p. value 0.309) as compared to the

preoperative value (p.value 0.009).
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Table 3.5: revealed that the preoperative lactate dehydrogenase
(LDH) Serum level range was (197-575 IU/L ) with mean + SD (362.8 +
80.99), it was decreased significantly in  1st postoperative day
(p.value0.004) compared to the preoperative value , and also
decreased significantly on 3™ postoperative day (p. value 0.017) as

compared to 1st postoperative day .

Table 3.6: revealed that the preoperative Serum total bilirubin level
range was (0.30-0.70 mg/dl) with mean + SD (0.50 + 0.103) , it was
increased significantly on the 1% postoperative day (p. value 0.001)
compared to the preoperative value , and also increased significantly
on 3™ postoperative day (p. value 0.028) as compared to preoperative

value and 1% postoperative day value.

Table 3.7: revealed that the preoperative blood urea nitrogen (BUN)
Serum level range was (9.60-18.0 mg/dl) with mean + SD (13.04+ 1.86)
,it was decreased significantly in 1% postoperative day (p.value 0.001)
and non significantly decreased on 3™ day compared to 1% preoperative

day (p. value 0.20).

Table 3.8: revealed that the preoperative Serum creatinine level range
was (0.40 — 0.80 mg/dl) with mean + SD (0.54+ 0.118), non significantly
decreased on 1st and 3rd postoperative day with same value as

compared to preoperative value (p.value 0.445).
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Table 3.9: revealed that the preoperative urinary albumin level range
was (7.0 —=17.50 mg/day) with Mean + SD (12.88 + 2.88), it was increased
significantly on the 1% postoperative day (p. value 0.001) compared to
the preoperative value , and also increased significantly on 3™
postoperative day (p. value 0.001) as compared to preoperative value

and as compared to 1** postoperative day (p.value 0.001).

Table 3.10: revealed that the preoperative urinary glucose level range
was (0.80 — 0.42 g/day) with Mean + SD (0.175 + 0.075) it was increased
significantly on the 1 postoperative day (p. value 0.001) compared to
the preoperative value and also increased significantly on 3™
postoperative day (p. value 0.001) as compared to preoperative value

and as compared to the 1°* postoperative day (p.value 0.001).

Table 3.11: revealed that the preoperative urinary creatinine clearance
level range was (670 —1610 g/day) with Mean + SD (1202.25+ 208.49) it
was non significantly decreased in 1% postoperative day (p.value0.623),
and the 3™ postoperative day, as compared to the preoperative value
(p.value0.546 ). and as comparing the 3™ postoperative day with the 1°

postoperative day (p.value0.910)
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Chapter 4

DISCUSSION



Sevoflurane, fluoromethyl 2,2,2-trifluoro -1- (trifluoromethyl) ethyl
ether, is a safe and versatile inhalational anesthetic compared with
currently available agents. Of all currently used anesthetics, the physical,
pharmacodynamic and pharmacokinetic properties of sevoflurane come

closest to that of the ideal anesthetic (61).

Despite mount clinical evidence that supports its safety, the question of
the potential adverse effects of sevoflurane on renal function continues to

generate some controversy (62).

Sevoflurane undergoes hepatic metabolism with release of inorganic
fluoride. Elevated fluoride levels have been associated with renal
impairment in patients undergoing methoxyflurane anesthesia raising
concerns about the nephrotoxic potential of sevoflurane. This hypothesis
was based on the incidence of nephrotoxicity observed at peak plasma
fluoride ion levels > 50 pumol/L after methoxyflurane anesthesia (63).
However, plasma inorganic fluoride levels > 50 pmol/L were not
associated with nephrotoxicity in patients anesthetized with isoflurane or
enflurane, which suggest that this toxic threshold can not be applied to

other fluorinated anesthetic agents ( 64).

Although there is no nephrotoxicity after sevoflurane anesthesia in
humans with normal kidneys, those with chronically impaired renal
function might be at increased risk because of increased fluoride load due
to prolonged elimination half-life. Inorganic fluoride concentrations were
significantly higher after sevoflurane than after enflurane anesthesia,
laboratory measures remained stable throughout the postoperative period.

No patient suffered a permanent deterioration of preexisting renal

insufficiency and non required dialysis.
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There is no evidence that fluoride released by metabolism of sevoflurane
metabolism worsened renal function in these patients with stable,

permanent serum creatinine concentrations more than 1.5 mg/dL (65).

Since sevoflurane undergoes hepatic deflurination leading to elevation
of plasma fluoride ion, numerous studies have addressed the potential
link between elevated plasma fluoride ion levels and nephrotoxicity with
the use of sevoflurane. However, fluoride ion nephrotoxicity had not been
shown in any of the studies in healthy volunteers (66). Young adults (67),
pediatric patients (68), elderly patients (69), pregnant women (70), even
after prolonged anesthesia (up to 9 MAC-h) and low flow anesthesia (71)
Therefore, the serum fluoride ion concentration after sevoflurane and

isoflurane anesthesia was not studied in this work.

Another point to be mentioned is that if one wants to study the effect
of defluorination of sevoflurane on renal function. Sevoflurane should be
compared with an inhalational anesthetic that undergoes no or very

minimal defluorination like desflurane.

Sevoflurane is partly degraded by carbon dioxide absorbents to
fluoromethyl-2,2- difluoro-1-(trifluoromethyl) ether (compound A) (72).
Compound A is a dose dependent nephrotoxin in rats, with a threshold for
microscopic renal injury of 150 to 300 parts per million-hour (ppm- h)
(73).
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Compound A produces evidence of transient renal injury in rats. The
mechanism of compound A renal toxicity is controversial, with the debate
focused on the role of the renal cysteine conjugate beta-lyase pathway in

the biotransformation of compound A .

The significance of this debate centres on the fact that the beta-lyase
pathway is 10- to 30-fold less active in humans than in rats.
Therefore, if biotransformation by this pathway is responsible for the
production of nephrotoxic metabolites of compound A, humans may be

less susceptible to compound A renal toxicity than are rats.

In three studies in human volunteers and one in surgical patients,
prolonged (8-hour) sevoflurane exposures and low fresh gas flow rates
resulted in significant exposures to compound A. Transient abnormalities
were found in biochemical markers of renal injury measured in urine.
These studies suggested that sevoflurane can result in renal toxicity
mediated by compound A under specific circumstances. However, other
studies using prolonged sevoflurane administration at low flow rates did

not find evidence of renal injury (74).

The rate at which CO, absorbents degrade sevoflurane is dependent on
the concentration of the inhalational anesthetic, the fresh gas flow rate
(the rate of degradation decreases as the fresh gas flow rate increases), the
temperature of the CO, absorbent (which in turn is dependent on the
quantity of CO, passing through) and the water content of the CO;
absorbents, i.e. it is faster in dry than in wet soda lime or barium
hydroxide lime (75,76).

Inflow rate, ventilation, and carbon dioxide production are major

determinants of the concentration of Compound A (77).
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The concentration of compound A in the anesthesia circuit increases as

the fresh gas flow rate decreases (78,79).

Thus, patients who are anesthetized with low flow sevoflurane inhale
more compound A. Therefore the use of sevolflurane is safe when it is
delivered at high fresh gas flow rates, but the effect of low flow

sevoflurane anesthesia on the kidney remains to be clarified in humans.

Low flow anesthesia reduces the costs of anesthesia, decrease
atmospheric pollution with inhalation anesthetics and improve the
anesthetic gas climate. There are potential risks associated with low flow
anesthesia as increased risk of hypoxia and hypercarbia, risk of
accumulation of dangerous trace gases, and risk of over or under dosage

of inhalational anesthetic.

Modern anesthesia machines meet all technical requirements for safe
use of low flow techniques if they are used in conjunction with

equipments for monitoring inhaled and exhaled gas concentration.

This study compared the effects of long duration (> 5 hours) low flow
(1L/min) sevoflurane anesthesia before and after on human renal and

hepatic function.

In the current study (BUN) and serum creatinine were measured to
assess global renal function. Twenty four hours urinary albumin, was
measured to assess renal glomerular function. While twenty four hours
urinary glucose, and 24 hours urinary creatinine were measured to assess

renal tubular function.

Assessment of changes in hepatic function was done by measurement
of serum (AST), serum (ALT), serum (ALP), serum total bilirubin, and
serum (LDH).
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This study, was not to measure compound A exposures. This decision
was based on the earlier demonstration of a close correlation between
sevoflurane MAC-h and inspired compound A levels in surgical patients,

thus obviating the need for its measurement (80).

The results of this study demonstrated that BUN and serum creatinine
do not increase after low flow sevoflurane anesthesia. This is consistent
with previous results from studies done by Obata et al. (81); Eger et
al.(82); Ebert et al. (83), Bito et al (84). and Bito and Ikeda (85).

Thus, no abnormality in the standard biomarkers of renal function was

seen after long duration, low flow sevoflurane anesthesia.
Regarding the 24-hours urine creatinine there were no significant

differences from baseline values, regarding the 24 hours urine albumin
and glucose, there were significant albuminuria, glucosuria with the
values in days 1 and 3 postoperatively, significantly different from

baseline preanesthetic values.

Kharasch et al (86). Also, found proteinuria and glucosuria after long
duration low flow sevoflurane anesthesia. This agrees with results of the

present study.

The results of this study regarding urinary albumin and glucose, agrees
with the results of Obata et al (81), who demonstrated significant increase
in urinary excretion of glucose, albumin and protein, significantly
different from baseline values in the 2 postoperative days in patients
anesthetized with either low flow sevoflurane or isoflurane for prolonged
period.

Ebert et al (87), compared renal responses after anesthesia with

desflurane (negligible metabolism), sevoflurane, or intravenous propofol
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with low fresh gas flow and anesthesia duration of average 300 min found
significant increase in urine glucose, protein, and albumin, occurred
similarly in all groups which agrees with the sevoflurane effect in the

present study regarding urinary glucose and albumin.

Eger et al (82). Reported that volunteers who were given 3%
sevoflurane at a fresh gas flow rate of 2L/min for eight hours showed
transient albuminuria, glucosuria and an increase in urinary o -glutathion-
S-transferase. In the same setting, Eger et al (88). Found a small amount
of albuminuria and increased a-glutathion-S-tranferase after four hours
of administration of sevoflurane but no injury after two hours. Based on
the findings of these two studies, Eger et al (82,88), concluded that

compound A nephrotoxicity is dose dependent in humans as in rats.

In contrast, Ebert et al (89,83), reported that using the same setting
neither four nor eight hours sevoflurane anesthesia altered renal function.
In the present study albuminuria and glucosuria occurred in the two
postoperative days following low flow sevoflurane anesthesia for long

duration > 5 hours, but without increase in BUN or serum creatinine.

Kharasch et al (86). Found that proteinuria and glucosuria were
extremely common and neither urinary protein nor glucose excretion was
different after low flow sevoflurane compared with isoflurane anesthesia,
at either 0-24 or 48-72 h after surgery. Kharasch et al (86). Stated that, as
proteinuria also occurred with desflurane and even after propofol as
mentioned by Ebert et al. (87). Thus, proteinuria after anesthesia and

surgery is a common finding and does not per se indicate renal toxicity.

In the present study, regarding the liver function tests (as indicated by
serum AST, serum ALT, serum total bilirubin, serum ALP, and serum

LDH in the two postoperative days in patients anesthetized with long
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duration low flow sevoflurane compared with preanesthetic liver function
both serum AST and ALT were increased significantly but within the
normal range, and regarding serum total bilirubin, it increased

significantly but within the normal range.

Regarding serum alkaline phosphatase ALP and serum lactate
dehydrogenase LDH both are decreased progressively significantly from

preanesthesia till the third postoperative day.

Kharasch et al (86). Found no difference between anesthetic groups
and within same group in long duration low flow sevoflurane and
isoflurane anesthesia regarding serum AST and ALT in 24 or 72 hours

postoperatively which agrees with the present study.

Obata et al (81). Demonstrated that hepatic function values increased
on day 5 (not included in the present study) after low flow sevoflurane
anesthesia but these increases were not significantly different as
compared with low flow isoflurane anesthesia. Therefore, prolonged low
flow sevoflurane anesthesia is not likely to cause hepatotoxicity as
mentioned by Obata et al (81). And this agrees with the results of the

present study.

Bito and lkeda (90), showed that total bilirubin, AST and ALT
increased after sevoflurane anesthesia, this agrees with the results of

present study.

Al-Sayed and Soliman (91), Compared between long duration
sevoflurane and isoflurane anesthesia on hepatic function and found no

hepatic injury as defined by normal ALT and AST levels postoperatively.
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Chapter S

CONCLUSION
AND
RECOMMENDATIONS



6.1. CONCLUSION:

The current study showed no significant differences, between the renal
effects of sevoflurane in surgical patients undergoing long duration low
flow anesthesia. Renal effects were evaluated by measuring serum
creatinine, BUN and urinary creatinine, albumin, and glucose excretion.
albuminuria and glucosuria were common and non specific postoperative

findings.

Also, there were no significant differences in liver function before

and after surgery with low flow sevoflurane.

Liver function was assessed by using serum AST, ALT, ALP, LDH and

total bilirubin.

From this work it is concluded that long duration low flow
sevoflurane anesthesia seems to be safe regarding hepatic and renal

functions in humans.
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6.2. RECOMMENDATIONS:

Long durationlow flow sevoflurane anesthesia appears to be safe as
long duration low flow anesthesia regarding hepatic and renal functions
in humans. However, concerns regarding the degradation of inhalational
anesthetics in general by CO, absorbents to toxic compounds may still be
a point of debate. The widespread application of absorbents that
minimally degrade sevoflurane to compound A or desflurane to corbon
monoxide would eliminate any potential hazard from these toxic
compounds (92,93). Such absorbents do not contain either sodium
hydroxide or potassium hydroxide,both of which appear to enhance the

production of compound A and carbon monoxide.

Also, the generation of breakdown products during sevoflurane
anesthesia can be circumvented by the use of molecular sieves as an
alternative to soda lime(94). When used in a simulated low-flow closed-
circuit anesthetic system, molecular sieves were as efficient as soda lime

in the removal of CO..

64



REFERENCES



. Bryce—-Smith R, O’ Brien HD. Fluothane: a non explosive
volatile anesthetic agent . B M J 1956; 2:969-72.

. Suckling CW. Some chemical and physical factors in the
development of fluothane . Br J Anaesth 1957; 29:466-72.

. Merrett KL, Jones RM. Inhalational anaesthetic agents. BR J
Hosp Med 1994; 52: 260-263.

. Marshall BE, Longnecker DE. General anaesthetics. In : Gilman
AG, Rall TW, Nies AL, editors. Goodman and Gilman’s the
pharmacological basis of therapeutics. 8" ed. New York:
Pergamon press 1990; 285-310.

. Australian Sponsor Baxter Healthcare Pty Ltd 7Baxter Drive
Old Toongabbie NSW 2146 Distributed in New Zealand by
Baxter Healthcare Ltd Auckland New Zealand DATE TGA
Approved: 19 December 2005.

. Katoh T, Suguro Y, lkeda T, et al. Influence of age on awakening
concentrations of sevoflurane and isoflurane. Anesth Analg 1993;
76:348-52.

.Katoh T, Suguro Y, Kimura T, et al. Cerebral awakening
concentration of sevoflurane and isoflurane predicted during slow
and fast alveolar washout. Anesth Analg 1993; 77 (5):1012-7.

. Katoh T, Suguro Y, Nakajima R, et al. Blood concentrations of
sevoflurane and isoflurane on recovery from anaesthesia. Br J
Anaesth 1992; 69(3): 259-62

. Kennedy SK, Lonecker DE. History and principles of
anesthesiology. In: Gilman AG, Rall TW, Nies AS, et al., editors,
Goodman and Gilman’s the pharmacological basis of therapeutics,

8" ed. New York: Pergamon Press 1990; 269-84.

65



10. Kharasch ED, Thummel KE. . Identification of cytochrome
P450 2 El as the predominant enzyme catalyzing human liver
microsomal defluorination of sevoflurane, isoflurane and
methoxyflurane Anesthesiology 1993; 79 (4): 795-807.

11. Holaday DA, Smith FR. Clinical characteristics and
biotransformation of sevoflurane in healthy human volunteers,
Anesthesiology 1981; 54(2):100-6.

12. Kharasch ED, Karol MD, Lanni C, et al. Clinical sevoflurane
metabolism and disposition. 1.Sevoflurane and metabolite
pharmacokinetics. Anesthesiology 1995; 82(6): 1369-78.

13. Fujii K, Morio M, Kikuchi K, et al. lon chromatographic
analysis of a glucuronide as a sevoflurane metabolite. Hiroshima J
Anaesth 1987; 23(1):3-7.

14. Jiaxiang N, Sato N, Fujii K, et al. Urinary excretion of
hexafluoroisopropanol glucuronide and fluoride in patients after

sevoflurane anesthesia. J Pharm Pharmacol 1993; 45:67-9.

15. Kikuchi H, Morio M, Fujii K, et al. Clinical evaluation and
metabolism of sevoflurane in patients. Hiroshima J Med Sci 1987;
36:39-7.

16. Saidman LJ, Brandstater B. Minimum alveolar anesthetic
concentration: a standard of anesthetic potency. Anesthesiology
1965; 26(6):756-63.

17. Rampil 1J, Lockhart SH, Zwass MS, et al. Clinical
characteristics of desflurane in surgical patients: minimum
alveolar concentrations. Anesthesiology 1991 74 (3):429-33.

18. Taylor RH, Lerman J. Minimum alveolar concentration of
desflurane and hemodynamic responses in neonates, infants and
children. Anesthesiology 1991; 75 (6): 975-9.

66



19. Katoh T, lkeda K. The minimum alveolar concentration (MAC)
of sevoflurane in humans. Anesthesiology 1987; 66:301-3.

20. NakajimaY, Nakajima R, lkeda K. The effect of pentazocine on
minimum alveolar concentration of sevoflurane for adults and
elderly patients [abstract]. Anesth Analg 1993; 76(25): S282.

21. Stoelting R, Longnecker D, Eger EI. Minimum alveolar
concentrations in man on awakening from methoxyflurane,
halothane, ether and fluroxene anesthesia: MAC-awake.
Anesthesiology 1970; 33(1):5-9.

22. Epstein R H, Mendel HG, Guarnieri KM, et al. Sevoflurane
versus halothane for general anesthesia in pediatric patients: a
comparative study of vital signs, induction and emergence. J Clin
Anesth 1995; 7:237-44.

23. J. Jeff Andrews (1 September 2005). "Anesthesia Systems". In
Paul G. Barash, Bruce F. Cullen and Robert K.
Stoelting. Clinical Anesthesia (5th ed.). United States: Lippincott
Williams & Wilkins. pp. 1584. ISBN 0-7817-57452. Retrieved 1
July 2010.

24. Brubakk, Alf O.; Tom S. Neuman (2003). Bennett and Elliott's
physiology and medicine of diving, 5th Rev ed.. United States:
Saunders Ltd.. pp. 800. ISBN 0-7020-2571-2.

25. Parthasarathy S. The Closed Circuit And The Low Flow
Systems. Indian J Anaesth. 2013 Sep;57(5):516-524.

26. Baum JA, Aitkenhead AR. Low flow anesthesia .Anesthesia
1995; 50: 37-44,

27. Maekin GH. Low flow anesthesia in infants and children . BJA
1999; 83:50-7 .

67


http://www.isbnlib.com/isbn/0781757452/Clinical-Anesthesia-Clinical-Anesthesia--Barash
http://www.answers.com/topic/international-standard-book-number
http://en.wikipedia.org/wiki/Special:BookSources/0-7817-5745-2
http://www.answers.com/topic/international-standard-book-number
http://en.wikipedia.org/wiki/Special:BookSources/0-7020-2571-2

28. Baum JA. The theory and practice of low flow, minimal flow
and closed system anesthesia. In: Baum JA (ed) Low Flow
Anesthesia, Oxford , Hienemann 1996 .

29. Flods F, Ceravolo J, Carpenter L. The administration of nitrous
oxide / oxygen anesthesia in closed system. Ann Surg 1952;136:
978-1.

30. Virtue RW. Minimal flow nitrous oxide anesthesia.
Anesthesiology 1979; 40 : 196-8 .

31. Kleibar M. Body size and metabolic rate . Physiol Rev1945; 27 :
511-39.

32. Severinghaus J. The rate of uptake of nitrous oxide in man . Jur
Clin Invest 1954; 33 : 1183-89.

33. Baum JA. Niedrig flubrnarkosen ( English translate ) .
Anesthetist 1994; 43 : 194-210.

34. Huber E. Aspekte und MAK-werte (English translate) .
Anesthesie intensive medizen 1994; 35: 126-136.

35. Imberti R, Preseglio I, Imbiani M. Low flow anesthesia reduce
occupational exposure to inhalational anesthetics. Acta An Scand
1995; 39 (5 ): 586-591.

36. Waterson CK. Recovery of waste anesthetic gases. In: Future
anesthetic delivery systems, Brown B.R. (eds.) Contemporary
Anesthesia Practice , Vol.VIII, Philadelphia Davis 1984; 109-
124.

37. Sharer NM, Nunn JF, Royston JP, et al. Effects of chronic
exposure to nitrous oxide on methionine synthase activity. BJA
1983;5: 693.

68



38. Kleemann PP. Humidity of anesthetic gases with respect to low

flow anesthesia. Anesthesia and intensive care 1994; 22 : 396-408

39. Kleemann PP. The climatization of anesthetic gases under
conditions of high flow to low flow. Acta An Belg 1990; 41: 189-
200.

40. Henrikson BA, Sundling J, HIlman A. The effect of heat and
moisture exchange on humidity in a low flow anesthesia system .
Anesthesia 1997; 52 : 144-149.

41. Yasuda N, Lockhart SH, Weiskopf RB. Kinetics of desflurane,
isoflurane and halothane in humans. Anesthesiology 1991; 74 :
489 —498.

42. Lee DJH, Robinson DL, Soni N. Efficiency of circle system for
short surgical cases: comparison of desfluane with isoflurane . Br
J An 1996; 76: 780-782.

43. Baum JA, Enzemuer J, Sachs G, Krausse T. Nutzungsdaaner
verbrauch und kosten in abhangigkeit vom frischgasflub . (English
translate ) . Anaesthesiologie and Reanimation 1993; 18: 108-113.

44. Tinker JH, Dull DL, Ward RJ, Cheney F, Caplan RA. Role of
monitoring devices in prevention of anesthetic mishaps: A closed
claims analysis. Anaesthesiology 1989; 71: 541-546.

45. Morita S, Latta W, Snider MT, Hambrok H. Accumulation of
methane , acetone and nitrogen in the inspired gas during closed
circuit anesthesia . Anesthesia Analgesia 1985; 64 : 343-347.

46. Frink E Jr. Toxicological potential of desflurane and
sevoflurane . Acta An Scand 1995; 39 : 120-122 .

69



47. Donald M. Low and minimal flow anesthesia with desflurane.
Highlights of a satellite symposium program , at the 1997 annual
meeting of the Canadian  Anesthesiologists  Society,

communication media for education Inc USA 1997 .

48. Jeffrey JA. Inhaled anesthetic delivery systems . In Anesthesia
(text book), Ronald Miller (ed) , 4™ edition ; New York ,
Edinburgh, London , Milburn ; churchill livingstone Inc page 206
, 1994 .

49. Tygstrup N. Assessment of liver function: principles and
practice. J Gastroenterol Hepatol 1990; 5: 468.

50. Kew MC. Serum aminotransferase concentration as evidence of
hepatocellular damage. Lancet 2000; 355:591.

51. Piton A, Poynard T, Imbert-Bismut F, et al. Factors associated
with serum alanine transaminase activity in healthy subjects:
consequences for the definition of normal values, for selection of
blood donors, and for patients with chronic hepatitis C.
Hepatology 1998; 27: 1213.

52. Johnson RD, O’Connor ML, Kerr RM. Extreme serum
elevations of aspartate aminotransferase. Am J Gastroentrol 1995;
90:1244.

53. Ruttimann S, Dreifuss M, Clemencon D, et al. Multiple
biochemical blood testing as a case-finding tool in ambulatory
medical patients. Am J Med 1993; 94: 141,

54. Millan JL. Oncodevelopmental expression and structure of

alkaline phosphatase genes. Anticancer Res 1988; 8: 995.

55. Fishman WH. Perspectives on alkaline phosphatase isoenzymes.
Am J Med 1974; 56: 617.

70



56. Kaplan MM. Alkaline phosphatase. Gastroenterology 1972; 62:
452.

57. Kassirer JP. Clinical evaluation of kidney function: Glumerular
function . N ngl J Med 1971;285:385-389.

58. Perrone RD, Madias NE, Levey A.S. Serum creatinine as an
index of renal function: New insights into old concepts. Clin
Chem 1992;38:1933-1953.

59. Vander AJ. Ed Renal physiology. 5" ed. New York, Mc Graw-
Hill 1995;p37.

60. Newman DJ, Thakkar H, Edwards RG, et al. Serum cystatin C
measured by automated immunoassay: A more sensitive marker of
changes in GFR than serum creatinine . Kidney int 1995;47:312-
318.

61 . Degado-Herrera L, Ostroff RD, Rogers SA. Sevoflurane
approaching the ideal inhalational anesthetic, a pharmacologic,
pharmacoeconomic and clinical review. CNS Drug Rev 2001; 7
(1): 48-120.

62 . Mazze RI, Callan CM, Galvez ST, et al. The effects of
sevoflurane on serum creatinine and blood urea nitrogen
concentrations: A retrospective , twenty-two-center, comparative
evaluation of renal function in adult surgical patients. Anesth
Analg 2000; 90 (3): 505-8.

63 . Cousins MJ, Mazze RI. Methoxyflurane nephrotoxicity: a
study of dose response in man. JAMA 1973; 225 (13): 1611-
1616.

71



64 . Murrry JM, Trinick TR. Plasma fluoride concentration during
and after prolonged anaesthesia: a comparison between
halothane and isoflurane . Anaesthesia Analgesia 1992; 74 (2) :
236-240 .

65. Conzen PF(1), Nuscheler M, Melotte A, Verhaegen M,
Leupolt T, Van Aken H, Peter K. Renal function and serum
fluoride concentrations in patients with stable renal insufficiency
after anesthesia with sevoflurane or enflurane . Anesth Analg.
1995 Sep;81(3):569-75.

66 . Frink EJ, Malan TP, Isner RJ, et al. Renal concentrating
function with prolonged sevoflurane or enflurane anesthesia in
volunteers. Anesthesiology 1994; 80 (5): 1019-25.

67 . Frink EJ, Ghantous H, Malan TP, et al. Plasma inorganic
fluoride with sevoflurane anesthesia: Correlation with indices of
hepatic and renal function.Anesth analg 1992; 74: 231.

68 . Sarner JB, Levine M, Davis PJ. Clinical characteristics of
sevoflurane in children: a comparison with halothane.
Anesthesiology 1995; 82 (1): 38-46.

69 . O'Hira N, Inada T, Hamai R. Influence of sevoflurane and
isoflurane on renal function in elderly patients.[English
translate]. Masui 1994; 43 (12): 1842-1845.

70 . Gambling DR, Sharma SK, White PF. Use of sevoflurane
during elective caesarean birth: a comparison with isoflurane and
spinal anesthesia. Anesth Analg 1995; 81(10): 90-95.

71 . Kawai R, Bito H, Ikeuchi Y. Effects of prolonged low flow
sevoflurane on renal tubular function: a comparison with
isoflurane.Anesthesiology1995; 83 (3A): 328.

72 . Hofmann AF. The continuing importance of bile acids in liver
and intestinal disease. Arch Intern Med 1999;159: 2647.

72



73 . Kharasch ED, Hoffman GM, Thorning D, et al. Role of renal
cysteine conjugate B-lyase pathway in inhaled compound A
nephrotoxicity in rats. Anesthesiology 1998; 88: 1624-33.

74 . Gentz BA(1), Malan TP Jr. Renal toxicity with sevoflurane :
a storm in teacup ? Drugs. 2001;61(15):2155-62.

75. Strum DP, Eger EIl. The degradation, absorption, and
solubility of volatile anesthetics in sodalime depend on water
content. Anesth Analg 1994; 78(2):340-8.

76 . Ruzicka JA, Hidalgo JC, Tinker JH, et al. Inhibition of
volatile sevoflurane degradation product formation in an
anesthesia circuit by a reduction in sodalime temperature.
Anesthesiology 1994; 81 (1):238-44.

77 . Fang ZX, Eger EI 2nd . Factors affecting the concentration of
compound A resulting from the degradation of sevoflurane by
soda lime and Baralyme in a standard anesthetic circuit. Anesth
Analg. 1995 Sep;81(3):564-8 .

78 . Bito H, Ikeda K. Effect of total flow rate on the concentration
of degradation products generated by reaction between
sevoflurane and soda lime. Br J Anaesth 1995; 74;667-9.

79 . Fang ZX, Eger EIl. Factors affecting the concentration of
compound A resulting from the degradation of sevoflurane by
sodalime and baralyme in a standard anesthetic circuit .
Anaesthesia Analgesia 1995; 81: 564-568.

80 . Kharash ED, Frink EJ, Zager R, et al. Assessment of low
flow sevoflurane and isoflurane effects on renal function using
sensitive markers of tubular toxicity. Anesthesiology 1997; 86:
1238-53.

73



81 . Obata R, Bito H, Ohmura M, et al. The effects of prolonged
low flow sevoflurane anesthesia on renal and hepatic function.
Anesth Analg 2000; 91: 1262-8.

82 . Eger EI Il, Koblin DD, Dowland T, et al. Nephrotoxicity of
sevoflurane versus desflurane anesthesia in volunteers. Anesth
Anlag 1997; 84: 160-8.

83 . Ebert TJ, Messana LD, Uhrich TD, et al . Absence of renal
and hepatic toxicity after four hours of 1.25 minimum alveoral
anesthetic concentration sevoflurane anesthesia in volunteers.
Anesth Analg 1998; 86: 662-7.

84 . Bito H, lkeuchi Y, lkeda K . Effects of low sevoflurane
anesthesia on renal function: comparison with high flow
sevoflurane anesthesia and low flow isoflurane anesthesia.
Anesthesiology. 1997; 86: 1231-7.

85 . Bito H, lked K. Renal and hepatic function in surgical patients
after low flow sevoflurane or isoflurane anesthesia. Anesth
Analg 1996; 82: 173-6.

86 . Kharasch ED, Frink EJ, Artru A, et al. Long duration low
flow sevoflurane and isoflurane effects on postoperative renal
and hepatic function. Anesth Anlag 2001; 93: 1511-20.

87 . Ebert TJ, Arain SR. Renal responses to low flow desflurane,
sevoflurane, and propofol in patients. Anesthesiology 2000; 93:
1401-6.

88 . Eger EI Il, Gong D, Koblin DD, et al. Dose related
biochemical markers of renal injury after sevoflurane versus
desflurane anesthesia in volunteers. Anesth Analg 1997; 85:
1154-63.

74



89 . Ebert TJ, Frink EJ, Kharasch ED. Absence of biochemical
evidence for renal and hepatic dysfunction after 8 hours of 1.25
minimum alveolar concentration sevoflurane anesthesia in
volunteers. Anesthesiology 1998;88: 601-10.

90 . Bito H, Ikeda K. Renal and hepatic function in surgical patients
after low flow sevoflurane or isoflurane anesthesia. Anesth
Analg 1996; 82: 173-6.

91. Al-Sayed GG, Soliman AH. Hepatic and renal
glomerulotubular effects of sevoflurane versus isoflurane in
prolonged anesthesia. Eg J Anesth 2003; 19: 149-154.

92 . Funk W, Gruber M, Wild K, et al. Dry soda lime markedly
degrades sevoflurane during simulated inhalation induction.Br J
Anaesth 1999; 82:193-8.

93. Neurmann MA, Laster MJ, Weiskopf RA, et al. The
elimination of sodium and potassium hydroxide from desiccated
soda lime diminishes degradation desflurane to carbon monoxide
and sevoflurane to compound A but does not compromise
carbon dioxide absorption.Anesth Analg 1999; 89: 768-73.

94 . Fee JPH, Murray JM, Luney SR. Molecular sieves: an
alternative method of carbon dioxide removal which does not
generate compound A during simulated low flow sevoflurane
anaesthesia. Anaesthesia 1995; 50 (10):841-5.

75



ol yid yadloudl

Taal s (Ol s s onl st (s Jiva s 18) Gstsi il 2 sy
A A P Y TN PRI NP VOR[N | RN [ WP RPN PPN
TR WP BV - RV P PR G WL SRR NP B WP PR | Y g PP |
prid—dl S oy Al s s kb e syl I D I
O Opostsie ) Jdad Jaae v ing 51 S e Lgia dpaallai o iy
LAl G daae, a5 S le G Sl a8 LSl ale 3k
M2y e i g ay el Ay (o Sl o ST SULS Gal aa byl s (il
& ) (e (il (385 alaATLL (4 18 gl Jlad Jaea

5 un&'\ ;“ lq\ ?.:‘3 [ \a\\ MEONS :\..‘ A'/.L\s_ﬂ L.x :'\.3 U.'L)}E 99'“; Al D) ac
Al sel) Sl p—aall eV sl ) A sel) a Al al ) e Sy
sl s ) laaS ddiia) Ay ol (oans 45 lally

) 535 e el () pad) Bha S (b ddan s B ) () o (sl sl
?J._.“ éél__ﬂ ‘5.1\3._.“ e—\—k—\ﬂ\ (s e Lé\ N 4 'q(‘j ) A ] S Ala l._.m' '=S\ .‘;JL——-’).

sl

(SO YRSt [ N D Lt Py + | | IV PN D | B Y KPS R PN |
O—a 2 4Sl s  —diiuaal) (5 Al Ll Flie e Gy 5 (ol G5 )
Cradl s pm s e gl Gl s s | S e Y Gl ) (e
Gllee 3ay (it Wl il aladt wly sty ) gl G il S @ s

S 3 2 IS il e aall Al ke sl o

J_j}ug_‘m;“u_dé@uagﬂw)_ds&u\)ﬂ\cu@);\d}

o e Lﬁ‘)ﬂ& ‘}L.*S O._J‘)‘jﬁ ~.~ S\ e . \

76



L Sl N il by e ol il o a e e s A lesal) Jllail

Gl Cr sl ) e iy e A O s b e
SR US| SR [ SR SV . ) [TV AR VRN [ SN Pt FG SN |

Aaladio) ge &8l Gual all (o

77



