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Renal Responses to Low-flow Desflurane, Sevoflurane,

and Propofol in Patients

Thomas J. Ebert, M.D., Ph.D.,* Shahbaz R. Arain, M.D.t

Background: The contributing factors that result in signifi-
cant, postoperative proteinuria and glucosuria after low-flow
isoflurane and sevoflurane anesthesia are unknown. The
present study compared renal responses after anesthesia with
desflurane (negligible metabolism), sevoflurane, or intrave-
nous propofol.

Methods: Informed consent was obtained from 52 patients
with American Society of Anesthesiologists physical status I-1II
(aged 36—81 yr). Patients with diabetes or renal insufficiency
were excluded. Desflurane (n = 20) or sevoflurane (n = 22),
without nitrous oxide, was given at 1 1/min fresh gas flow for
elective surgical procedures lasting more than 2 h; 10 patients
received propofol without nitrous oxide as the primary anes-
thetic. Blood and urine chemistries were obtained before sur-
gery. Blood and 24-h urine collections were obtained for 3 days
after surgery and were analyzed for liver and renal indices.

Results: Length of surgery averaged ~ 300 min (range, 136—
750 min), minimum alveolar concentration—hour averaged 4.3
(range, 1.2-11.0), and infusion rates of propofol were 99-168
pg - kg7' - min~'. Plasma creatinine concentration did not
change, plasma blood urea nitrogen decreased significantly,
and significant increases in urine glucose, protein, and albumin
occurred similarly in all groups. Mean (* SD) postoperative
urine glucose values for day 1 after desflurane, sevoflurane, and
propofol were 1.4 + 3.0, 1.1 + 2.1, and 1.9 * 2.6 g/d (normal, <
0.5 g/d). The average daily protein/creatinine ratios for postop-
erative days 2-3 after desflurane, sevoflurane, and propofol
were 240 * 187, 272 *= 234, and 344 *= 243 (normal,
< 150 mg/g). Regardless of anesthetic, there were significantly
greater urine protein concentrations after surgical procedures
in central versus peripheral regions.

Conclusions: Alterations in postoperative renal function were
common and unrelated to the choice of anesthetic. These find-
ings implicate nonanesthetic factors in producing changes in
biochemical indices of renal excretory function. (Key words:
Compound A; low-flow anesthesia; nephrotoxicity; renal func-
tion.)

THERE has been a renewed interest in the renal effects

Additional material related to this article can be found on the
ANESTHESIOLOGY Web site. Go to the following address, click on
Enhancements Index, and then scroll down to find the appro-
priate article and link. http://www.anesthesiology.org

* Professor, T Anesthesia Research Fellow.

Received from the Department of Anesthesiology, Medical College of Wiscon-
sin and Veterans Affairs Medical Center, Milwaukee, Wisconsin. Submitted for
publication March 22, 2000. Accepted for publication July 13, 2000. Supported
by grants from the National Institutes of Health, Bethesda, MD; Department of
Veterans Affairs, Washington, DC; and general research funds from past research.
Presented at the annual meeting of the American Society of Anesthesiologists,
Dallas, Texas, October 8-14, 1999; at the Midwest Anesthesia Residents Confer-
ence, Chicago, Illinois, April 2000; and at the annual meeting of the American
Society of Anesthesiologists, San Francisco, California, October 18, 2000.

Address reprint requests to Dr. Ebert: VA Medical Center/112A, 5000 W.
National Avenue, Milwaukee, Wisconsin 53295. Address electronic mail to:
tjebert@mcw.edu. Individual article reprints may be purchased through the
Journal Web site, www.anesthesiology.org.

Anesthesiology, V 93, No 6, Dec 2000

of anesthetics in humans. The interest has grown, in
part, because high concentrations of a degradation prod-
uct of sevoflurane, called compound A [CH,F-O-
C(=CF,)(CFy)], have caused renal injury in a rat model,
evidenced by significant proteinuria and glucosuria and
biopsy-proven necrosis of renal tubules.'”® Compound A
is formed during exposure of sevoflurane to standarg
carbon dioxide absorbents and formation is enhanced b§
increased temperature of the carbon dioxide absorbeng
associated with a low fresh gas flow (FGF) deliver%
system.

In earlier studies in our laboratory, significant proteing
uria and glucosuria could not be demonstrated in 24-1
urine collections of young volunteers after 4-8 h o%
approximately 3% sevoflurane (1.25 minimum alveola%
concentration [MAC]) delivered in a FGF of 1 og
2 I/min*® In contrast, surgical patients rece1v1ng
sevoflurane in a FGF of 1 I/min have demonstrated s1g§_
nificant postoperative proteinuria and glucosuria an&
increases in experimental enzyme markers of renal m]ug
1ry.>7 However, in the same study, patients random1ze($'
to receive isoflurane (which does not result in corrg
pound A formation) also had significant increases 11?8
urinary protein and glucose and enzyme markers og
injury. This raises the possibility that ether-based anesg
thetics have a common effect of causing renal dysfuncg
tion/injury or that other factors such as surgery or sulé
gical stress might be involved in this process. Th&
present study explored this issue by comparing desﬂu’@
rane, which is extremely stable (minimally metabolized an<§
minimally degraded by hydrated carbon dioxide absorbe
ers), with sevoflurane, which is both metabolized (~ %§
and degraded by carbon dioxide absorbers. In addition, wé&
evaluated renal function in patients receiving propofol a§
their primary anesthetic without any volatile anesthetig
adjunct. We selected a wide variety of surgical cases og
varying lengths in an attempt to gain insight into othei
potential factors that might be associated with proteinuri:fz
and glucosuria after anesthesia and surgery.
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Materials and Methods

After obtaining approval from the Human Studies Sub-
committee, Zablocki VA Medical Center, Milwaukee,
Wisconsin, nondiabetic patients older than 21 yr, with
American Society of Anesthesiologists physical status
I-1II, were recruited at the VA Medical Center. Candi-
dates were scheduled to undergo an elective procedure,
lasting at least 2 h, and were free of renal and hepatic
disease (creatinine concentration < 1.5 mg/dl and nor-
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Table 1. Patient Demographics

ASA Physical Status

Age Height Weight 171/
Anesthetic n (yr) (cm) (kg) Female/Male (n)
Desflurane 20 59 (38-81) 175+ 8 79 £ 17 (47-112) 1/19 3/7/10
Sevoflurane 22 61 (39-79) 176 = 9 88 + 17 (68-132) 2/22 0/13/9
Propofol 10 62 (36-79) 178 = 6 92 + 26 (66-145) 0/10 0/7/3

Mean * SD (range).
ASA = American Society of Anesthesiologists.

mal plasma bilirubin, aspartate transaminase [AST], and
alanine transaminase concentrations). Patients were ex-
cluded if the surgical procedure was genitourinary, car-
diac, or aortic in nature or if they had been exposed to
general anesthesia in the past 2 weeks.

Patients were given 1-2 mg midazolam as a premedi-
cation and were randomized in a block design to receive
desflurane, sevoflurane, or propofol. Anesthesia and tra-
cheal intubation were established with sodium thiopen-
tal (or propofol), fentanyl (50-100 ug), and vecuronium.
Desflurane and sevoflurane were initially given in oxy-
gen (50%) and air at a total FGF of 5 I/min that was
decreased to 1 I/min after 5 min. No nitrous oxide was
allowed. End-tidal desflurane concentration was main-
tained between 3% and 8% and sevoflurane between
0.8% and 2.5% end-tidal concentration (equivalent MAC
level of 0.5-1.5). Propofol was given in doses that ranged
from 100 to 168 pg - kg~ ' - min~'. Fresh barium hydrox-
ide was used to fill the carbon dioxide-absorbent canis-
ter before each case. Additional fentanyl was permitted
during the case if hemodynamic control was not
achieved within several minutes by adjusting the pri-
mary anesthetic. Nonsteroidal anti-inflammatory drugs
were not allowed, but morphine sulfate was titrated at
the end of the case as needed.

Blood and urine chemistries were obtained before sur-
gery, and blood and 24-h urine collections continued for
3 days after surgery. Blood was analyzed for liver func-
tion-enzymes (AST, alanine transaminase, lactate dehy-
drogenase), electrolytes, blood urea nitrogen, and creat-
inine. Urine samples underwent quantitative analysis of
creatinine, glucose, albumin, and protein. All samples

were analyzed by the VA Medical Center certified labo-
ratory and laboratory personnel, who were blinded Q
the anesthetic randomization.

Ratios were calculated for urine protein and albumi
relative to creatinine, to account for or overcome an§
imprecision of 24-h urine sampling. Data for each grougg
were averaged, and the SD of the mean was calculatedz;
Repeated-measures analysis of variance was applied t@
variables measured over time for comparisons betweet%’
groups. Statistical significance was chosen to be P Valueér
less than 0.05. Regression and correlation analyses werg
applied to relate urine markers to the length of surgery§
total or average MAC-h, and intraoperative mean arteria@
pressure.

The data for all anesthetics were divided into surgerieg
that were central in origin (abdominal, thoracic, anc;‘.
total hip replacements) and surgeries that were periphg
eral (e.g., peripheral vascular, knee replacements) an(fg?
were subjected to correlation analyses to seek relation§
to urinary markers.
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Results

)
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Fifty-two consenting patients (20 desflurane,
sevoflurane, 10 propofol) were included in this studg
(mean age, 60 yr; mean height, 175 c¢cm; mean weightfg
83 kg); there were no demographic differences betwee®
groups (table 1). In addition, there were no differenceg
between groups for average preoperative heart rate og
blood pressure. The average length of surgery and tota%
or average MAC-h also did not differ between groupé

=

Y
Table 2. Surgical Characteristics g
S
Intraoperative ®
Length of Procedure Mean BP Fentanyl EBL Crystalloids Colloids
Anesthetic (min) Total MAC-h or Dose (mmHg) (n9) (ml) (ml) (ml)
Desflurane 295 4.2 79 325 653 4,415 265
(150-750) (1.2-10.2) (67-93) (100-800) (50-2,500) (2,100-9,800) (0-2,700)
Sevoflurane 323 4.4 82 300 607 4,768 192
(180-660) (1.6-11.1) (63-98) (50-600) (150-2,400) (2,100-13,000) (0-2,200)
Propofol 258 130 87 315 550 3,140 53
(136-425) (99-168 ug - kg~ ' - min~") (50-105)  (100-500) (100-1,500) (1,200-7,000) (0-300)
Mean (range).

MAC = minimum alveolar concentration; BP = blood pressure; EBL = estimated blood loss.
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Liver Function Tests
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Fig. 1. Liver function tests (mean * SD) performed preopera-
tively and the average of tests performed on postoperative days
1-3 for desflurane, sevoflurane, and propofol anesthesia. There
were significantly larger increases from preoperative plasma
aspartate transaminase (AST) values in the volatile anesthetic
groups, and these increases were significantly different from
the postoperative value for the propofol group. Total bilirubin
was significantly increased from preoperative values in the
propofol group, and this increase was significantly greater than
that observed in the sevoflurane group. *P < 0.05, significantly
different from preoperative value; 1P < 0.05, significantly dif-
ferent from propofol group. ALT = alanine transaminase.

(table 2). Intraoperatively, there were no differences in
average mean arterial pressure, heart rate, total use of
crystalloid and colloid, and estimated blood loss (table
2). In the perioperative period, the use of antibiotics did
not differ between groups. Cefazolin was the most com-
monly used antibiotic (~ two thirds of all cases). Other
antibiotics used, in descending order of frequency, in-
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Fig. 2. Plasma values (mean * SD) of creatinine and blood urea
nitrogen before and for 3 days after surgery with desflurane,
sevoflurane, or propofol anesthesia. There were no significant
changes in creatinine on any day in any group. Plasma blood
urea nitrogen decreased (but not below normal values) in all
groups on postoperative days 1 and 2 and remained decreased
on day 3 for the two volatile anesthesia groups, but returned to
preoperative values in the propofol group. *P < 0.05, signifi-
cantly different from preoperative value.
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cluded cefoxitin, metronidazole, vancomycin, cefu-
roxime, and ciprofloxacin.

There were no differences in preoperative laboratory
values determined from urine and blood samples be-
tween groups. Within each anesthetic group, there were
no differences in liver function test results between
postoperative days 1, 2, and 3; therefore, values from
these days were averaged (fig. 1). Plasma alanine
transaminase, lactate dehydrogenase, and alkaline phos-
phatase concentrations did not change in any anesthetic
group in the postoperative period. There were signifi-
cantly larger increases in plasma AST concentrations i,
the volatile anesthetic groups compared with the propo%
fol group. However, the increases in AST between pa%
tients receiving sevoflurane and those receiving desﬂt%
rane were not statistically different. A total of fivg
patients had plasma AST levels that exceeded the labog
ratory upper limit of normal (n = 1 desflurane, n =
sevoflurane; not significant by chi-square analysis). Posl%
operative total bilirubin levels were significantly ing
creased in the patients receiving propofol compared
with those receiving sevoflurane (fig. 1). (See Web Eng
hancement for more data.)

Postoperative plasma creatinine concentration was nog.
changed, but blood urea nitrogen significantly decreaseéi
in all anesthetic groups (fig. 2). Twenty-four-hour uriné
excretions of glucose, albumin, and protein were signitg
icantly increased from baseline, with no differences be'g?
tween groups (fig. 3). The number of patients witlg
elevated urine glucose values at baseline and at postsurg
gery days 1, 2, and 3, respectively, are as follows: desg
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Fig. 3. Urine parameters (mean * SD) before and for 3 days after
surgery with desflurane, sevoflurane, or propofol anesthesia.
Albumin and protein were significantly increased above preop-
erative levels for the 3 days postoperatively, but the increases
were not different between anesthetics. Glucose was signifi-
cantly increased above preoperative (and normal) levels on day
1 after surgery. *P < 0.05, significantly different from preoper-
ative value on all postoperative days; TP < 0.05, significantly
different from preoperative value on postoperative day 1.
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1, 7, 2, 2. The number of patients with elevated urine
albumin values at baseline and at postsurgery days 1, 2,
and 3, respectively, are as follows: desflurane = 5, 10,
13, 11; sevoflurane = 3, 10, 13, 12; propofol = 2, 8, 6,
7. The number of patients with elevated urine protein
values at baseline and at postsurgery days 1, 2, and 3,
respectively, are as follows: desflurane = 2, 11, 10, 14;
sevoflurane = 5, 9, 12, 15; propofol = 1, 5, 7, 8. (See
Web Enhancement for more data.) There was no relation
between the total MAC-h exposure to sevoflurane or
desflurane and albumin, protein, and glucose excretion
in the postoperative period (fig. 4).

There were 19 surgeries in central locations and 7, 10,
and 2 patients were randomized to desflurane, sevoflu-
rane, and propofol, respectively. There were 33 surger-
ies in peripheral locations and 13, 12, and 8 patients
were randomized to desflurane, sevoflurane, and propo-
fol, respectively. When the data were divided based on
surgical site, significantly increased urinary excretion
rates for protein and albumin became apparent in pa-
tients undergoing surgery on central locations compared
with those undergoing surgery on peripheral sites (fig.
5). There was equal distribution of MAC-h, blood loss,
and use of crystalloids and colloids between surgical
groups. There was an equal distribution of antibiotic use
in central versus peripheral surgeries with one excep-
tion. Six of 19 patients who underwent central surgeries
received metronidazole and cefoxitin combination ther-
apy, whereas no one who underwent peripheral surger-
ies received this antibiotic combination. These six patients
all had major bowel surgery.

central surgeries, n=19
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The present randomized prospective study demong
strates that postoperative albuminuria, proteinuria, an@?
glucosuria are common findings in patients receiving
low-flow sevoflurane, desflurane, or intravenous propo?;;
fol as their primary anesthetic for surgical procedures}
Although compound A was only inspired by patient§
receiving sevoflurane, we were unable to identify ang
differences in the frequency or extent of abnormal renag
markers compared with desflurane (which is minimallg
metabolized and degraded) or compared with the seda%
tive hypnotic, propofol. This raises several interesting-'
questions. First, what factor or factors are involved ifg
the development of proteinuria and glucosuria after ang
esthesia and surgery? Second, does transient proteinuria og
glucosuria portend important renal injury or irnpairment?g

Relevant to these questions is the ongoing debate 0§
how best to evaluate and interpret postoperative rena§
function.?'” Clearly, the clinical standard has been toﬁ
monitor changes in blood urea nitrogen and serum Creg
atinine, which are easily measured and have proven t@
be prognostically important in medicine. In addition'§
microalbuminuria has been used to follow the progressz
sion of renal impairment associated with diabetic ne§
phropathy.''"'> However, neither proteinuria nor glus
cosuria has been shown to have a prognostic relevancé
in terms of renal injury-impairment in nondiabetic paZ
tients.” To our knowledge there also is no known pathog
logic injury or prognostic value associated with transien?i
(1-2 days) increases in urinary protein or glucose.

New consideration has been given to several expe
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Fig. 5. Urine findings (mean * SD) when
patients were divided based on site of
surgery. This analysis combined data
from all three anesthetics and then seg-
mented the data into central versus pe-
ripheral surgical procedures. There were
significantly (*P = 0.05) greater increases
in urinary protein and albumin excretion
in patients who underwent surgery in
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central sites (thoracic, abdominal, and

hip replacement). Dashed lines show the
glucose normal laboratory value for that variable.

(day 1 postop)
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mental enzyme markers (N-acetyl-B-p-glucosaminidase
and a-glutathione-S-transferase) as potentially sensitive
indices of renal tubule cell injury in rats exposed to
compound A.>*'* However, these indices have not cor-
related with the extent of proteinuria and glucosuria
during isoflurane and sevoflurane anesthesia.®’

In the present study, we identified nearly 50% of pa-
tients in each anesthetic group with abnormal increases
in urine glucose concentration and more than 50% of
patients in each group with abnormal increases in uri-
nary protein and albumin excretion. If these findings do
not reflect injury, then how might they be explained?
Are they simply functional changes and not “injury”?
Small amounts of protein, albumin, and glucose are fil-
tered at the glomerulus, and the majority is reabsorbed
in the proximal tubules. There are three common mech-
anisms to increase urinary excretion of these substances:
a direct increase in glomerular capillary wall leak, an
increase in glomerular hydrostatic pressure, and de-
creased tubular resorption. Glomerular hydrostatic pres-
sure can be increased by efferent arteriolar constriction
that might occur during states of high sympathetic tone
(not unusual in postoperative patients). Kharasch et al.®
suggested that the renal findings in patients after sevoflu-
rane or isoflurane anesthesia are so inconsistent that it is
not possible to implicate any one common site of action
of anesthesia and surgery on renal function. Interpreting
these renal changes is complicated by the fact that the
laboratory normal limits for daily protein, albumin, and
glucose have been established from healthy individuals
not undergoing surgery. Interestingly, other nonsurgical
but stressful procedures have been associated with pro-
teinuria.'”>™'® For example, in healthy volunteers under-
going strenuous exercise, an average of 150 ug/min of
albumin (> 200 g/d) has been identified in urine sam-
ples.'” These transient changes are considered non-
pathologic, i.e., a functional change (although renal bi-
opsy specimens have not been obtained to verify lack of
injury).

We observed a significant increase in urinary glucose
excretion that occurred 1 day after surgery but returned
toward normal over the subsequent 2 days. In contrast,
there was a gradual and progressive increase in urinary
protein and albumin on days 1-3 after surgery. We spe-
cifically evaluated the relation between sevoflurane (and
desflurane) MAC-h and urinary excretion of albumin,
glucose, or protein and found no significant association
(fig. 4). This absence of a significant association agrees
with a prior analysis in surgical patients receiving
sevoflurane in a FGF of 1 I/min.® In this previous study,
experimental markers of renal cell injury and urinary
excretion of protein and glucose in the postoperative
period did not correlate with the inspired compound A
concentrations, the total compound A exposure (con-
centration X time) or with the sevoflurane exposure
(MAC-h). In this earlier study, isoflurane was used as the
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comparator anesthetic and, similar to this study that
used desflurane as a comparator, glucosuria and protein-
uria in the postoperative period were similar in sevoflu-
rane-treated patients. In addition, our study used a sec-
ond comparator group that received only propofol as
their primary anesthetic. In this group, significant pro-
teinuria and glucosuria also were observed. The lack of
statistical associations between anesthetic agent or anes-
thetic exposure and renal outcome points toward non-
anesthetic factors, e.g., surgical or postoperative factors,
that influence renal function.

Many factors common to anesthesia and surgical prog
cedures have been implicated in the cause of renal dys%
function/injury, but none has been validated in prospecg
tive studies. Antibiotics, surgical stress, preexisting renagi
disease, intraoperative blood pressure, site of surgeryy
and anesthetics are some of the implicated factors. W%
sought additional associations by separating the data sef
based on length of procedure, site of surgery, and intra%
operative mean arterial pressure. There were no signiﬁ%
cant correlations between length of procedure and renag
outcome (urinary glucose on day 1 or average protei f
creatinine or albumin:creatinine on days 2 and 3) for ang
of the anesthetics. Similarly, no anesthetic showed a
association between mean intraoperative blood pressuré
and renal markers. We divided the data set into case§
involving mainly surgery in central locations (intraabg
dominal, intrathoracic, and total hip replacements, n
19) and cases in which surgery was performed on pex
ripheral sites (knees, hands, neck, peripheral vascularg
n = 33). Between these two groups, there were n(%
differences in intraoperative mean arterial pressureg
length of surgery, or total or average MAC-h of anesthe%
sia. However, there were significant differences in urfy
nary protein and albumin concentrations between Ceré
tral and peripheral surgical categories (fig. 5). A similag
but nonsignificant trend for greater glucose excretion 11§
the central surgical procedure group was apparent. 2

We also evaluated use of antibiotics and found, if
general, similar use in all treatment groups. Cefazolim
was the most frequent antibiotic, and it has been assoi;
ciated with increases in liver function tests and proteing
uria.'"” We also noted a frequent use of metronidazol@
and cefoxitin in combination for intraabdominal surger,%
ies. Metronidazole has been associated with albuminuri®
and nephrotoxicity, and cefoxitin has been associated
with increased liver function tests and proteinuria.'®
Thus, we cannot rule out antibiotic use as a cause of
postoperative hepatic or renal changes.

We noted significant increases in AST test results in pa-
tients receiving sevoflurane and desflurane (but not propo-
foD). The majority of these increases remained below the
upper limit of normal. These effects have been reported
previously with sevoflurane and isoflurane.®2°~%2

Based on the findings in this study, we conclude that
the clinical use of approximately 1 MAC sevoflurane in a
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FGF of only 1 I/min for procedures ranging from 3 to
10 h did not have clinically significant adverse effects on
renal function. Proteinuria, albuminuria, and glucosuria
were similar after operations with desflurane, propofol,
or sevoflurane, and there were no associations between
intraoperative blood pressure, length of surgery, or an-
esthetic concentration and abnormal renal findings.
These data indicate that nonanesthetic factors are pri-
mary determinants of urinary protein and glucose excre-
tion. The greater changes in urinary excretion of protein
and glucose after surgery in central versus peripheral
regions suggest that the glomerular capillary hemody-
namic effects from central surgical procedures or surgi-
cal stress may be involved in the postoperative changes
in renal function. This finding needs to be evaluated in a
prospective study with adequate control of confounding
variables. The frequent use of antibiotics in the surgical
population and their association with renal (and hepatic)
effects must also be considered as possible contributors
to abnormal laboratory findings.

Limitations

Although rodent models indicate a direct association
between compound A exposure and renal cell necrosis,
we consciously chose not to measure compound A ex-
posures in the present study. This decision was based on
the earlier demonstration of a close correlation (r =
0.96) between sevoflurane MAC-h and inspired com-
pound A levels in surgical patients thus obviating the
need for the measurement.® Part of this decision also
was based on the possibility of imprecision in the mea-
surement of compound A. Obtaining these samples man-
dates collection in airtight syringes, injection into a glass
bottle without contamination, and shipping via air to an
independent laboratory for analysis within 36 h. Earlier
work has identified a time-dependent interaction of com-
pound A with the rubber in the neck of the glass vials (E.
Kharasch, oral communication, 1996). Previous studies
that have measured compound A from the circuit have
produced reasonably consistent results indicating that
1 I/min FGF of approximately 1 MAC sevoflurane
through normally hydrated barium hydroxide should re-
sult in inspired concentrations of compound A between
15 and 30 ppm.®7+?* If we assume, on average, 25 ppm-h
in the inspired circuit, then patients in the present study
were exposed to between 75 and 275 ppm-h of com-
pound A (mean = 135 ppm-h). Based on MAC-h, the
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patients with the greatest exposure to compound A did
not have the largest change in renal markers (fig. 4).
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