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Abstract

Background:

Despite mounting clinical evidence that supports its safety, the question of the
potential adverse effects of sevoflurane on renal function continues to generate some
controversy.

Its potential of causing renal toxicity is still questioned for two reasons: first,
because it reacts with carbon dioxide absorbents to produce the vinyl ether
(Compound A), and second, because it is biotransformed to inorganic fluoride (F-).

It is claimed that increased plasma levels of inorganic fluoride are nephrotoxic as they
were regularly associated with a vasopressin-resistant polyuric renal failure after
methoxyflurane anesthesia.

The NSAID ketorolac nonselectively inhibits the function of cyclooxygenase enzymes
and the synthesis of renal vasodilating prostaglandins, and this can impair renal blood

flow.

Aim of work:

The purpose of this study is to compare the effects of sevoflurane alone and in
combination with ketorolac in normotensive and hypertensive patients undergoing
major surgery with new and more sensitive markers for both renal tubular damage

and ischemic renal insult.

Methods:
Sixty adult patients of (ASA) physical status I or II undergoing elective major

surgery were allocated into four equal groups of 15 patients each (n=15).
Normotensive patients (n=30) receiving either sevoflurane (G-1) or sevoflurane and
ketorolac (G-2) (15 patients each) and hypertensive patients (n=30) receiving either
sevoflurane (G-3) or sevoflurane and ketorolac (G-4) (15 patients each).

Blood samples were collected for measurement of serum creatinine, serum
cystatin C and serum phosphate concentration before surgery and on the first and
second postoperative days. Urine samples were collected before surgery, 2 hours after
the start of anesthesia and 12 hours after the end of anesthesia for measurement of

urine creatinine and urine phosphate concentration.
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Results:

Serum cystatin C did not change during our study period, indicating intact
glomerular function.

Urine phosphate levels decreased significantly and serum phosphate remained
stable on the first postoperative day in our groups, indicating intact tubular function.

There were no statistically significant differences between the four study groups
regarding serum cystatin C, serum creatinine, and serum phosphate.

Also, there were no statistically significant differences between the four study

groups regarding urine creatinine, and urine phosphate.

Conclusion:

In conclusion, we found that the administration of ketorolac to patients given
high-flow sevoflurane anesthesia (for a moderate duration; MAC-hr = 5-6) was not
associated with evidence of renal toxicity, and this combination can be considered safe

in healthy, well hydrated patients as well as in controlled hypertensive patients.
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Introduction and aim of the work

Rationale and background:

Anesthesiologists have been concerned about the potential renal toxicity of
inhaled anesthetic agents since 1966, when Crandell et al.®*) described nephrotoxicity
associated with methoxyflurane anesthesia. A single observation of vasopressin-
resistant polyuric renal insufficiency in a patient after methoxyflurane anesthesia for
abdominal surgery was reported. This was followed by an enormous number of similar
reports as well of clinical studies documenting that renal failure following
methoxyflurane anesthetic, in fact, was not a rare event.®®

Sevoflurane, fluoromethyl 2, 2, 2, trifluoro-1-ethyl ether, has become one of
the commonly used inhalational agents. It is has no pungent odor, does not irritate
airway passages and allows rapid induction as well as emergence from anesthesia. It
has minimal effects on the cardiovascular and respiratory systems and minimal effects
on cerebral blood flow.®® Nevertheless its effects on renal function are still
qguestionable. Serum inorganic fluoride (F’) released during the hepatic metabolism of
sevoflurane may increase to Ilevels associated with nephrotoxicity after
methoxyflurane anesthesia and renal tubular dysfunction has been reported in some

patients anesthetized with sevoflurane.®

Non-steroidal anti-inflammatory drugs (NSAIDs) are commonly given
intraoperatively to control postoperative pain. The non-steroidal anti-inflammatory
drug ketorolac nonselectively inhibits the function of cyclooxygenase enzymes and the
synthesis of renal prostaglandins E; and I, which are important renal vasodilators and
this can impair renal blood flow. Clinically, the renal vasoconstrictive effect of NSAIDs

is reflected in decreased urine output in the postoperative period.® ®

Furthermore, atherosclerotic vascular damage in essential hypertensive patients
has been reported to be associated with renal dysfunction.” This may be another

additional independent renal risk factor for morbidity and mortality.

13
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Conventional investigations for renal function as creatinine clearance, serum
creatinine, BUN, and urine output have been used in previous studies to assess renal

function. However, new markers are being currently investigated.

Serum cystatin C (Cys C) is a recently identified nonglycosylated 13-Kd basic
low molecular weight protease inhibitor that has been suggested to be an early
sensitive marker of deterioration of glomerular filtration rate (GFR).® It is produced
by all nucleated cells and unlike creatinine; it is independent on muscle mass. It has
been investigated in pregnant females as a marker, not only for impaired renal
function, but also for the degree of glomerular endotheliosis and increase in
glomerular volume in pregnancy. In renal transplant patients it has been used as a
more sensitive endogenous marker to detect early GFR impairment more than
enzymatic measures of creatinine.®*? Serum cystatin C has been studied as an early

prognostic marker of type 2 diabetic nephropathy.*

Increased phosphate excretion into urine is an indicator for tubular reabsorption

defect.(*> 10

Hypothesis:

The combination of two potential renal toxins sevoflurane and ketorolac could
be harmful to the kidneys. This may be augmented in hypertensive patients with
subclinical renal dysfunction.

Conventional investigations have been used but yet may not be as indicative as
recent sensitive markers. Thus the renal insult by such agents remains incompletely

resolved and requires further investigations.

Objective:

The purpose of this study is to compare the effects of sevoflurane alone and in
combination with ketorolac in normotensive and hypertensive patients undergoing
major surgery with new and more sensitive markers for both renal tubular damage
and ischemic renal insult to detect even subclinical renal toxicity. Conventional

markers of renal dysfunction will be investigated as well.

14
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Chapter (1)

Pharmacology of sevoflurane

Introduction; Inhalation Anesthetics:

Nitrous oxide, chloroform, and ether were the first universally accepted general
anesthetics. Ethyl chloride, ethylene, and cyclopropane were also used; the latter was
particularly popular because of the fast induction associated with its use. Recovery
from cyclopropane was notable; because of its rapidity of effect and the fact that it did
not result in delirium, patients were more clear headed. Toxicity and flammability of

these drugs led to their withdrawal from the market.”)

Methoxyflurane and enflurane, two halogenated agents in use for many years,
are no longer used because of their toxicity and efficacy. Methoxyflurane was the
most potent inhalation agent, but its high solubility and low vapor pressure limited its
rate of induction and emergence. Up to 50% of it was metabolized by cytochrome P-
450 enzymes to free fluoride (F7), oxalic acid, and other nephrotoxic compounds.
Methoxyflurane was associated with a vasopressin-resistant, high-output, renal failure
that was most commonly seen when F~ levels increased to greater than 50 pmol/L.
Enflurane has a nonpungent odor and is nonflammable at clinical concentrations. It
depresses myocardial contractility and sensitizes the myocardium to epinephrine.
During deep anesthesia, high-voltage, high-frequency electroencephalographic
changes can progress to a spike-and-wave pattern that culminates in tonic-clonic

seizures.*®

Although chloroform, ether, methoxyflurane, and enflurane are no longer used
(chiefly because of problems with toxicity and flammability), five inhalation agents
continue to be used in clinical anesthesiology: nitrous oxide, halothane, isoflurane,

desflurane, and sevoflurane (table 1).t9

Inhalation anesthetics are particularly useful in the induction of pediatric
patients in whom it may be difficult to start an intravenous line.®®® In contrast, adults
usually prefer rapid induction with intravenous agents, although the nonpungency and

rapid onset of sevoflurane have made inhalation induction practical for adults.
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