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Objective : Propofol and volatile anesthesia have been associated with metabolic acidosis induced by increased lactate. This study was designed to
evaluate changes in pH, base excess (BE), and lactate in response to different anesthetic agents and to characterize propofol infusion-associated
lactic acidosis.

Methods : The medical records of patients undergoing neurosurgical anesthesia between January 2005 and September 2012 were examined. Pa-
tients were divided into 2 groups : those who received propofol (total intravenous anesthesia, TIVA) and those who received sevoflurane (balanced in-
halation anesthesia, BIA) anesthesia. Propensity analysis was performed (1 : 1 match, n=47), and the characteristics of the patients who developed
severe acidosis were recorded.

Results : In the matched TIVA and BIA groups, the incidence of metabolic acidosis (11% vs. 13%, p=1) and base excess (p>0.05) were similar. All
patients in the TIVA group who developed severe acidosis did so within 4 hours of the initiation of propofol infusion, and these patients improved
when propofol was discontinued.

Conclusions : The incidence of metabolic acidosis was similar during neurosurgical anesthesia with propofol or sevoflurane. In addition, severe acido-
sis associated with propofol infusion appears to be reversible when propofol is discontinued.
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INTRODUCTION

Propofol infusion syndrome (PRIS) is rare and often fatal. Its
initial indicators include new onset metabolic acidosis and car-
diac dysfunction, and PRIS is diagnosed at the appearance of
new onset rhabdomyolysis, hypertriglyceridemia, and/or renal
failure®'?. PRIS was first described in critically ill children un-
dergoing prolonged high-dose propofol infusion'®. The overall
incidence of PRIS was reported to be 9% in long-term sedated
patients in the intensive care unit”, and 6% in patients with se-
vere head trauma'”. A prospective multicenter study involving
1017 adults reported a PRIS incidence of 1.1%, despite dose guide-
lines of <83 pg/kg/min of propofol'”. In addition, short-term (av-

erage, 4.9 hours) high-dose propofol infusion during cranioto-
my reduced the average base excess (BE) and increased lactate
concentrations in pediatric patientsm.

Propofol infusion-associated metabolic acidosis is character-
ized by increased lactate concentrations. Although PRIS has not
been observed in adults receiving prolonged propofol anesthesia,
propofol infusion-associated metabolic acidosis has been ob-
served in 6 adult">*"™'*'"¥ and 4 pediatric™ patients anesthetized
with propofol™. Propofol infusion-associated metabolic acidosis
may be a precursor of PRIS. Notably, lactic acidosis occurred in
9 of the 10 patients who experienced propofol infusion-associat-
ed metabolic acidosis, suggesting that lactic acidosis may be an

early marker of PRIS*”. Moreover, the incidence of subclinical

* Received : December 9, 2013 «Revised : April 6, 2014 «Accepted : August 16, 2014

« Address for reprints : Seung Zhoo Yoon, M.D., Ph.D.

Department of Anesthesiology and Pain Medicine, College of Medicine, Korea University, 73 Inchon-ro, Seongbuk-gu, Seoul 136-075, Korea

Tel : +82-2-920-5632, Fax : +82-2-929-2936, E-mail : yoonsz70@gmail.com

« This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

135



J Korean Neurosurg Soc 56 | August 2014

metabolic acidosis was higher in patients receiving low-dose pro-
pofol compared to those not infused with propofol, suggesting
that care should be taken in patients who are administered pro-
pofol”. However, a more recent study reported that volatile anes-
thesia was also associated with increased lactate levels'”.

Given its ability to decrease intracranial pressure, propofol has
been used widely for neurosurgical operations, especially opera-
tions involving brain tumors or cerebrovascular diseases, which
require prolonged and high doses of infused propofol. However,
volatile anesthetics are also acceptable components of most an-
esthetic regimens for neurosurgery. These observations, regard-
ing the association of metabolic acidosis with propofol infusion,
were the basis for the present study on patients undergoing neu-
rosurgical anesthesia with prolonged and high-dose propofol in-
fusion. This study was designed to evaluate changes in pH, BE,
and lactate concentration in patients who received different an-
esthetic agents and to assess the characteristics of patients who
experienced severe acidosis.

MATERIALS AND METHODS

This chart review study was performed at hospital and was
approved by the Institutional Review Board (H-1008-143-330).
The medical records of patients undergoing elective cerebral
vascular surgery or brain tumor surgery between January 2005
and September 2012 were assessed retrospectively. Only patients
with initially alert mentality were included. None received pro-
pofol during the pre-anesthetic period. Preoperative exclusion
conditions included diseases in which metabolic acidosis could
occur concomitantly or the performance of emergency opera-
tions; thus, patients with ASA class III or IV, those in poor gen-
eral condition (massive bleeding or sepsis), those with pulmo-
nary diseases such as asthma and chronic obstructive pulmonary
disease, and those with drug intoxication were excluded. Intra-
operative exclusion conditions included pre-existent acidosis on
initial arterial blood gas analysis (ABGA) and events associated
with tissue hypoxia-induced lactic acidosis, including hypoten-
sion, inadequate arterial saturation or a sudden decrease in he-
moglobin <7 g/dL, and massive bleeding [transfusion of >10 units
of packed red blood cells (pRBC) or estimated blood loss >70
mL/kg]. Only 1 case was included if the patient underwent anes-
thesia more than once during the study period.

We assessed the patients’ baseline demographic and clinical
characteristics; comorbidities including hypertension, diabetic
mellitus, ischemic heart disease, cardiac disease, and cerebrovas-
cular disease; medications including steroids and mannitol; and
preoperative laboratory findings. Patients undergoing neurosur-
gery were anesthetized with either propofol or sevoflurane, un-
der the discretion of the attending anesthesiologists, and were
divided into 2 groups based on the primary anesthetic : propofol
(total intravenous anesthesia, TIVA) or sevoflurane (balanced
inhalation anesthesia, BIA).

Target-controlled infusion (TCI) was used for TIVA. A com-

mercial TCI pump (Orchestra® Base Primea, Fresenius Vial, Brez-
ins, France) was used for the effect-site TCI of propofol (50 mL
Fresofol 2% inj.; Fresenius Kabi, Graz, Austria) and remifentanil
(1 mg Ultiva™ inj.; GlaxoSmithKline, Rixensart, Belgium), by
using infusion models for propofol and remifentanil'”. General
anesthesia was maintained with a bispectral index (BIS) value of
40-60 by using a TCI device that was adjusted to deliver target
effect-site concentrations (Ce) of 3.5-5 pug/mL propofol and 3-6
ng/mL remifentanil at final steady-state infusion rates of 5-15
mg/kg/h and 5-20 pg/kg/h, respectively.

Sevoflurane was used for BIA. Anesthesia was induced by in-
travenous (1.v.) 1% propofol (2 mg/kg) and was maintained with
a BIS value of 40-60 by using a below 1 minimum alveolar con-
centration of sevoflurane inhalation (end-tidal concentration of
1.2-1.5 volume %) and continuous intravenous infusion via TCI
of remifentanil (Ce, 3-6 ng/mL; final steady state infusion rate,
5-20 pg/kg/h).

On arrival in the operating room, an invasive arterial catheter
was inserted and the first ABGA was performed. After induction
of anesthesia, ABGA was performed again within 1 hours and
was routinely repeated every 2 hours until the end of surgery.
During surgery, the tidal volume was adjusted to achieve normo-
carbia with the oxygen in air (FiO; 0.5) and was controlled by
ABGA. The fluid management protocol during surgery included
urine output >1 mL/kg/h, mean arterial pressure >60 mm Hg,
and central venous pressure >8 mm Hg by using either crystal-
loid or colloid, depending on the situation. When the hemoglobin
concentration fell below 8 g/dL, pRBCs were transfused accord-
ing to the discretion of the attending anesthesiologist.

The rates of metabolic acidosis and severe acidosis were deter-
mined. Mild metabolic acidosis was defined as an arterial pH
<7.35 and BE <-2 mEq/L or serum lactate >3 mmol/L*". Although
PRIS is characterized by a BE value that is more negative than
the aforementioned value, the goal of this study was to detect an
early indicator of PRIS (i.e., mild metabolic acidosis). In addi-
tion, the initial BE was -2 to -3 mEq/L in several of the case re-
ports regarding PRIS. Severe metabolic acidosis was defined as
an arterial pH <7.30 and a BE <-8 mEq/L or serum lactate >8
mmol/L*"*"®. Patients were classified as having metabolic acido-
sis even if they recovered with the next ABGA.

A flow diagram of the progression through the study is shown
in Fig. 1. Of the 390 patients enrolled, 10 were excluded because
of acidosis during the induction of anesthesia, abnormal mental
status, use of anesthetics before surgery, or missing records. Thus,
380 patients were studied who were anesthetized with TIVA (n=
275) or BIA (n=105) between January 2005 and September 2012.
All covariates that could cause metabolic acidosis in these pa-
tients are shown in Table 1, 2.

The characteristics assessed in the TIVA and BIA groups were
the serum lactate concentration, anesthesia time, estimated
blood loss, units of transfused red blood cells, urine output, total
volume of colloid, total infused volume of normal saline, total
volume of crystalloid, intubation time, stay in the intensive care
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unit, and stay in the hospital.

Continuous variables are represented
as meanststandard deviations or medi-
ans (ranges) and categorical variables as
numbers (%). Between-group differenc-
es in continuous variables were com-
pared by using the Students t-test or the
Mann-Whitney rank-sum test, whereas
differences in categorical variables were
compared by using the X’ test or Fisher’s
exact test, as appropriate. Propensity
score matching was used to minimize
selection bias before comparing the
TIVA and BIA groups and to evaluate
the effects of anesthetic agents alone on
neurosurgical anesthesia. The propen-
sity score was defined as the probability
of a subject receiving the treatment (in
this case, an anesthetic agent) based on
the subject’s covariate profile. To gener-
ate propensity score-matched pairs
without replacement, patients in the BIA
and TIVA groups were matched 1 : 1. By
using this analytic technique, 47 pro-
pensity-matched pairs were identified.
The effect of anesthetic agents in these
matched groups was compared by using
the McNemer test. All statistical analyses
were performed by using SAS 9.2 (SAS
Institute Inc., Cary, NC, USA). p-values
<0.05 were considered statistically sig-
nificant.

RESULTS

A review of the patient records iden-
tified 380 neurosurgery patients who
met the inclusion criteria, with 275 pa-
tients undergoing TIVA and 105 patients
undergoing BIA anesthesia. The preop-
erative characteristics and the risk fac-
tors™>'” of the entire cohort and of the
TIVA and BIA groups are shown in Ta-
ble 1, 2. Using a p-value <0.2 to indicate
statistical significance, the following fac-
tors differed significantly in the TIVA
and BIA groups : the rates of hyperten-
sion, diabetic mellitus, cardiac disease,
and use of mannitol before surgery, an-
esthesia time, number of transfused units
of red blood cells, total infused volume
of normal saline, and intubation time
after surgery. Propensity score matching
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Assessed for eligibility (n=390)

(n=1)

\

Excluded (n=10)
= Acidosis during the induction of anaesthesia

= Abnormal mental status (n=2)
= Use of anesthetics before surgery (n=2)
= Missing records (n=5)

Randomized (n=380)

Analysed (n=47)
Excluded from analysis due to propensity
score matching (n=228)

¢ Allocation L
Allocated to TIVA group (n=275) L’—’—) Allocated to BIA group (n=105)
¢ L Analysis ) ¢

Analysed (n=47)
Excluded from analysis due to propensity
score matching (n=58)

Fig. 1. Flow diagram of the progression through the study. TIVA : total intravenous anesthesia, BIA :

balanced inhalation anesthesia.

Table 1. Demographic and clinical characteristics of the TIVA and BIA groups and the incidences of

metabolic acidosis

TIVA* (n=275) BIA' (n=105) p-value
Mild acidosis 34(12) 14 (13)
Severe acidosis 5(2) 1(1)
Age (years) 46x15 47+14 0.46
Sex (male/female) 148/127 24/39 0.30
Weight (kg) 63+13 63+11 0.73
Hypertension 44 (16) 29(28) <0.001
Diabetic mellitus 5(2) 7(7) <0.001
Ischemic heart disease 6(2) 2(2) 1
Cerebrovascular disease* 0 1(1) -
Cardiac disease® 1 3(3) 0.004
Steroid use before surgery 169 (62) 60 (57) 0.11
Mannitol use before surgery 10 (4) 0 -

The values represent the mean=SD or number (%). *Total intravenous anesthesia (TIVA) with propofol, 'Balanced
inhalation anesthesia (BIA) with sevoflurane, *Cerebrovascular disease except for disease requiring surgery, SCar-
diac disease including arrhythmia and heart failure

Table 2. Intraoperative variables and postoperative outcomes of the TIVA and BIA groups

TIVA* (n=275) BIA' (n=105) p-value

Anesthesia time (min) 435 (240-840) 410 (190-790) 0.14
Estimated blood loss (mL) 600 (50-3100) 600 (150-2900) 0.62
Transfused red blood cells (units) 0(0-7) 1(0-6) 0.14
Urine output (mL) 1530 (130-6310) 1200 (220-5350) 0.59
Colloid (mL) 500 (0-3500) 500 (0-2750) 0.84
Total infused normal saline (mL) 1300 (450-4000) 1300 (400-4000) 0.02
Crystalloid" (mL) 2450 (500-5900) 2600 (280-7450) 0.23
Intubation time after surgery (hours) 2(0-95) 1(0-210) 0.01
Intraoperative vasopressor use 6(2) 2(3) 1
Sodium bicarbonate use 0 0 -
Hospital stay (days) 9 (4-37) 9 (4-93) 0.79
Intensive care unit stay (days) 1(0-56) 1(0-11) 0.99

The values represent the median (range) or number (%). *Total intravenous anesthesia (TIVA) with propofol, 'Bal-
anced inhalation anesthesia (BIA) with sevoflurane, *Total amount of infused crystalloid except normal saline
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was performed to minimize selection bias before comparing
these 2 groups. We identified a propensity-matched subset that
consisted of 47 patients each in the TIVA and BIA groups; the
perioperative characteristics of these patients are shown in Table

Table 3. Distribution of demographic risk factors in the propensity-matched
cohort

TIVA* (n=47) BIA' (n=47) p-value

Age (years) 42+14 45+15 0.31
Sex (male/female) 19/28 17/30 0.67
Weight (kg) 6314 62+11 0.88
Hypertension 6(13) 12 (26) 0.12
Diabetic mellitus 2(4) 2(4) 1
Ischemic heart disease 0 1(2) 1
Cerebrovascular disease’ 0 1(2) 0
Cardiac disease’ 0 0 -
Steroid use before surgery 30 (64) 31 (66) 0.83
Mannitol use before surgery 0 0 -

The values represent the mean=SD or number (%). *Total intravenous anesthe-
sia (TIVA) with propofol, "Balanced inhalation anesthesia (BIA) with sevoflurane,
“Cerebrovascular disease except for disease requiring surgery, *Cardiac disease
including arrhythmia and heart failure

Table 4. Distribution of perioperative risk factors in the propensity-matched cohort

3, 4. The incidence of metabolic acidosis was similar in these 2
matched groups (11% vs. 13%, p=1) (Table 5); the BE was also
similar between these groups.

The data from the 5 patients who developed severe acidosis
during anesthesia are shown in Table 6. Severe acidosis was de-
tected 2 hours after the induction of anesthesia in patients 1, 3,
and 5, and 4 hours after the induction of anesthesia in patients 2
and 4. Immediately upon the detection of severe acidosis, propo-
fol infusion was discontinued in all 5 patients, and the anesthetic
agent was changed from TIVA to BIA. All patients recovered from
severe acidosis after propofol cessation. None of these patients
required additional treatment for cardiovascular collapse or ex-
hibited other cardiovascular symptoms of PRIS.

DISCUSSION

The results of the present study showed that the type of anes-
thetic agent did not significantly influence the incidence of anes-
thesia-associated metabolic acidosis in patients undergoing neu-
rosurgical anesthesia.

A study published in 2007 showed that the incidence of sub-
clinical metabolic acidosis was signifi-

cantly higher in patients receiving low-

TIVA* (n=47 BIA' (n=47 -val
(E=47) a=t) prvaue dose propofol infusion compared to that
Anesthesia time (minutes) 405 (240-480) 400 (265-700) 0.72 . . . .
in patients who did not receive propo-
Estimated blood loss (mL) 550 (300-1210) 550 (200-2300) 0.7 . .
fol, suggesting that caution should be
Transfused red blood cells (units) 0(0-5) 0(0-5) 0.87 . ..

i used whenever propofol is adminis-
Urine output (mL) 1530 (175-3750) 1380 (320-4130) 0.93 teredS). However, that study was limited
Colloid (mL) 500 (0-1500) 500 (0-1500) 0.76 by the lack of an appropriate control
Total infused normal saline (mL) 1400 (500-3400) 1400 (400-3150) 0.45 group, an d by the lack of baseline and
Crystalloid’ (mL) 2400 (1000-5800) 2700 (1400-5700)  0.19 continuous ABGA sampling. Moreover
Use of vasopressor 1) 10) 1 it did not examine critically ill patients
Intubation time after surgery (hours) 2 (0-95) 1(0-210) 0.06 or the effect of prolonged high-dose pro-
Hospital stay (days) 10 (4-37) 9(4-24) 0.72 pofol infusion. A second, more recent,
Intensive care unit stay (days) 1(0.6-4.9) 1(0.7-10.9) 0.96 study15) showed that lactate concentra-

The values represent the median (range) or number (%). *Total intravenous anesthesia (TIVA) with propofol,
Balanced inhalation anesthesia (BIA) with sevoflurane, *Total amount of infused crystalloid except normal saline

Table 5. Incidences of metabolic acidosis and base excesses in the propensity-matched cohort
Propofol (n=47)

Mild metabolic acidosis = p-value
Did not occur Occurred
Sevoflurane (n=47)  Did not occur 37(79) 4(9)
Occurred 5(11) 1(2)
Base excess (mEq/L) Base excess (mEq/L) i
of propofol of sevoflurane
First ABGA* 0.11£3.34 0.03+4.03 0.84
Second ABGA* -0.22+2.74 -0.95+3.57 0.24
Third ABGA* -0.97+2.79 -1.32+3.37 0.50
Fourth ABGA* -0.94+2.49 -1.29+3.21 0.37
Fifth ABGA* -2.242.10 -1.19+2.62 0.28
ICU ABGA' -1.58+3.02 -1.50+3.23 0.90

The values represent the mean=SD or number (%). *First, second, third, fourth, and fifth AGBAs were deter-
mined <1, 2, 4, 6, and 8 hours after anesthesia induction, respectively, "Determined immediately after arrival in
the intensive care unit, ABGA : arterial blood gas analysis
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tions were higher in patients receiving
volatile anesthesia compared to the con-
centrations in those receiving propofol
anesthesia, suggesting that propofol-
based general anesthesia is less likely to
cause lactic acidosis than is volatile anes-
thesia. That study was also limited by its
retrospective design, making it difficult
to rule out other causes of metabolic aci-
dosis in these patients.

To our knowledge, the present study
is the first to evaluate the effect of anes-
thetic agents on the incidence of meta-
bolic acidosis. In contrast to the 2 previous
studies, our patients received prolonged
high-dose propofol infusion and under-
went regular surgery'”. Similarly; a study
evaluating short-duration high-dose pro-



Table 6. Characteristics of the 5 patients who experienced severe acidosis
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Patient 1 2 3 4 5
Diagnosis Metastasis Of. Meningioma Pituitary apoplexy ~Moyamoya disease Moyamoya disease
hepatocellular carcinoma
Age (years) 65 53 58 35 46
Sex (M/F) M M M F M
ASA 2 2 1 1 1
Comorbidities HBV carrier Hypertension - - -
Medication before surgery Steroid, mannitol - - Steroid -
Vasopressor during operation - Ephedrine, - - -
phenylephrine

pRBC* (unit) 5 14 0 2 3
Crystalloid (mL) 3100 2000 1900 1500 1800
EBL (mL) 2000 3800 600 700 700
First ABGA'

pH -7.48 -7.36 7.31 7.31 7.32

PaCO, (mmHg) 29 39 40 33 38

BE (mEq/L) 1.9 34 62 -10.7 6.5

Lactate (mEq/L) 39 2.9 7.1 1 1.1
Second ABGA'

pH 7.24 7.3 7.29 7.26

PaCO; (mmHg) 41 38 35 44

BE (mEq/L) -9.8 -8.3 -9.1 -84

Lactate (mEq/L) 4.1 3.6 8 1.2
Third ABGA'

pH 7.34 7.26 7.27 7.28 7.29

PaCO, (mmHg) 42.5 39 35 34 40

BE (mEq/L) -33 -9.6 -10.8 -9.7 -74

Lactate (mEq/L) 52 4.4 8.2 55 1.3
Fourth ABGA'

pH 73 7.32

PaCO, (mmHg) 34 38

BE (mEq/L) 7.7 6.5

Lactate (mEq/L) 5 1.1
ICU ABGA*

pH 7.29 7.25 7.36 7.3

PaCO, (mmHg) 45 37 35.1 349

BE (mEq/L) -4.9 -10.4 -4.3 -8

*Units of packed red blood cells (pRBCs) transfused, "First, second, third, and fourth AGBAs were determined <1, 2, 4, and 6 hours after anesthesia induction, respec-
tively, *Determined immediately after arrival in the intensive care unit. ABGA : arterial blood gas analysis, EBL : estimated blood loss, BE : base excess

pofol infusion showed that the average BE became significantly
more negative, from -0.4+1.3 to -1.3+1.4 mEq/L, and that lactate
concentrations also increased significantly'”. However, in that
study;, only pediatric patients undergoing craniotomy were eval-
uated, and none of the patients received volatile anesthesia.

The reported onset time of PRIS varies. PRIS was initially de-
scribed in critically ill children receiving long-term (>48 hours)
high-dose propofol infusions'®. However, propofol infusion-as-
sociated metabolic acidosis has been reported even after short-
term administration in pediatric”® and adult*™'"® patients receiv-
ing anesthesia or sedation in operating rooms or intensive care

units. Metabolic acidosis during propofol anesthesia has been
reported in 4 adults without risk factors for PRIS, with blood lac-
tate concentrations or the base deficit starting to increase 4 hours
after the initiation of propofol infusion”'™”. Similarly, most of our
patients who experienced lactic acidosis did so within 2—5 hours
after the initiation of propofol infusion.

Examining lipid metabolism and genetics in patients who ex-
perience metabolic acidosis may be important because a key
pathogenic mechanism in PRIS appears to be an imbalance be-
tween energy demand and utilization. Propofol-associated inhi-
bition of free fatty acid utilization may result in some degrada-
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tion of the cardiac and peripheral muscles by myocytolysis'®.
Therefore, propofol should not be used in patients with inborn
errors in mitochondrial fatty acid metabolism. In addition, the
increased sympathetic nervous system outflow and elevated cor-
tisol and growth hormone concentrations commonly observed
in critically ill patients have been hypothesized to promote lipol-
ysis and fat oxidation, resulting in further increases in free fatty
acid concentrations. Liver dysfunction due to circulatory failure
or the direct hepatotoxic effects of propofol may also adversely af-
fect lipid kinetics. Finally, lipemia resulting from high-dose pro-
pofol infusion can impair mitochondrial oxygen uptake, contrib-
uting to the accelerated development and refractory nature of
PRIS". Therefore, future studies of PRIS should examine the lip-
id metabolism and/or genetics of the study population.

In our study, patient 2 (Table 6) may have been affected by he-
modynamic effects, including transient hypotension or hypovo-
lemia. Further, previous steroid infusion may have influenced
metabolic acidosis in patients 1 and 4. However, metabolic aci-
dosis in patients 3 and 5 occurred in the absence of hemodynam-
ic instability, an underlying medical comorbidity, or drugs that
could affect metabolic acidosis. Metabolic acidosis due to propo-
fol infusion could not be ruled out definitively even in the other 3
patients (patients 1, 2, and 4). However, the patients who experi-
enced severe acidosis recovered after propofol infusion was
stopped, suggesting that early detection of severe metabolic aci-
dosis and discontinuing propofol infusion could correct propo-
fol-induced severe acidosis.

This study had several limitations. The BIA group was also giv-
en propofol during the induction of anesthesia. However, this dose
was small, and propofol was administered only during the induc-
tion period, suggesting that this dose of propofol (1% propofol; 2
mg/kg; i.v.) had little effect on our results.

CONCLUSION

In conclusion, propofol infusion may be a leading cause of met-
abolic acidosis in patients receiving neurosurgical anesthesia. How-
ever, volatile anesthesia also may have a similar effect on metabolic
acidosis. Assessment of the effects of propofol on metabolic aci-
dosis requires prospective controlled trials.
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