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ABSTRACT

Background: Hyperglycemia is associated with poor postop-
erative outcomes after carotid endarterectomy. This retrospec-
tive study examined the effect of lactated Ringer’s and normal
saline solutions on intraoperative blood glucose control in
diabetic patients undergoing carotid endarterectomy.

Methods: The anesthetic and surgical records of type 2
diabetic patients who underwent carotid endarterectomy and
received either lactated Ringer’s solution or normal saline
exclusively during the case were reviewed, and 20 patients
were randomly selected from each group for further analysis.
The outcome of interest was preoperative to postoperative
change in blood glucose.

Results: The preoperative to postoperative mean changes in
glucose for the normal saline and lactated Ringer’s groups
were 34.4 – 70.32 mg/dL and 64.5 – 61.38 mg/dL,
respectively. This slight difference in the mean change in

glucose between the 2 groups was not statistically significant
(P¼0.157).
Conclusion: Lactated Ringer’s solution does not appear to
cause a significant change in the mean blood glucose levels in
diabetic patients undergoing carotid endarterectomy compared
to patients receiving normal saline. Randomized controlled
trials are needed to further determine whether lactated Ringer’s
solution adversely affects glucose control in diabetic surgical
patients.

INTRODUCTION
Numerous studies have established an increase in

perioperative mortality and morbidity in diabetic
surgical patients compared with nondiabetics. A
2010 study by Imran et al evaluated the impact of
admission blood glucose levels on postoperative
outcome in 2,856 coronary artery bypass graft
patients and found an increased likelihood of adverse
surgical outcomes in patients with an admission
glucose level greater than 166 mg/dL.1 A 2007 study
by Gandhi et al analyzed 409 cardiac surgery patients
and found that a 20 mg/dL increase in the mean
intraoperative glucose level was associated with an
increase in poor outcomes of more than 30%.2

Similarly, Fish et al found that cardiac surgery patients
with immediate postoperative glucose levels <200
mg/dL had a 13% risk of complications, whereas
those with ‡200 and ‡250 mg/dL had a 36% and a
63% risk of complications, respectively.3 As such,
glucose control in the perioperative period should not
be overlooked, especially in patients who have
underlying problems with glucose regulation.

In 1978, Thomas and Alberti provided limited
evidence that the use of Hartmann’s solution—which
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is similar in composition to lactated Ringer’s solution
(LR)—causes transient elevation of blood glucose
levels in diabetic patients and cautioned against the
use of any lactate-containing intravenous (IV) fluid
replacement for diabetic patients.4 However, this
theory has not been held to much further scrutiny.
Lactate, a product of glycolysis, is converted into
glucose via the Cori cycle. Lactate from LR infusion is
hypothesized to convert into glucose in the same
manner and contribute to hyperglycemia in diabetic
surgical patients.5

In 1997, White and Goldhill conducted a survey of
82 British anesthesiologists to assess current bias
towards LR and found that 21% of the surveyed
physicians viewed LR as a source of IV glucose.6 Yet,
as our understanding of the negative impact of
perioperative hyperglycemia has grown over the
years, the use of LR has been infrequently mentioned
in perioperative management guidelines for diabetic
patients, causing confusion among many intensivists,
anesthesiologists, and surgeons.

Although convincing evidence exists that periop-
erative glycemic management improves postopera-
tive morbidity and even mortality, the scientific basis is
somewhat controversial. Elevated glucose is believed
to play a role in abolishing ischemic preconditioning,
amplifying ischemic reperfusion injury, and triggering
coronary endothelial dysfunction and platelet dys-
function.7

Current recommendations regarding perioperative
blood glucose control usually only address preoper-
ative, intraoperative, and postoperative management
strategies with respect to defined blood glucose
ranges, antihyperglycemic medications, and continu-
ous insulin infusions. Surprisingly few management
protocols mention the appropriate choice of IV fluid
products in diabetic patients.

With our growing understanding of the negative
impact of hyperglycemia on postoperative infections
and neurological, renal, and cardiovascular compli-
cations, every measure to prevent perioperative
hyperglycemia should be taken, including the
appropriate selection of IV fluids for diabetic pa-
tients. Therefore, the goal of this study was to
compare the intraoperative use of LR to normal
saline (NS) in diabetic patients undergoing carotid
endarterectomy (CEA). The outcomes of interest
were preoperative to postoperative change in
glucose level and the mean difference in the change
in glucose level between the 2 maintenance fluids.
Our goal was to determine if the use of LR,
compared to NS, placed diabetic patients at higher
risk for postoperative hyperglycemia or increased
the need for physician intervention.

METHODS
Prior to data collection, institutional review board

permission was obtained. The design of the study
was a retrospective analysis of all adult type 2 diabetic
patients (International Classification of Diseases,
Ninth Revision, Clinical Modification [ICD-9-CM]
250.02) who underwent CEA (Current Procedural
Terminology [CPT] code 38.12) and for whom either
LR or NS was exclusively used intraoperatively.
Specific exclusion criteria included (1) any concurrent
disease process other than carotid stenosis that could
affect glucose utilization, such as ongoing infection,
defined as elevated white blood cell count above
11,000 cells per microliter; (2) uncontrolled type 2
diabetes, defined as a preoperative blood glucose
level greater than 300 mg/dL; (3) intraoperative insulin
administration; or (4) in-house/home glucocorticoid
treatment. CEA patients were selected because of the
well-recognized impact of hyperglycemia upon peri-
operative morbidity in diabetic vascular surgery
patients.8,9 This subgroup of patients also offered
the advantages of relatively standardized IV fluid use
and short surgical times, our intent being to decrease
the impact of these variables on our outcome.

A power analysis prior to the study determined
that a sample size of 20 patients in each group would
have 80% power to detect a significant mean
difference in preoperative to postoperative glucose
between LR and NS groups of 60 mg/dL, a clinically
significant change in serum glucose that would
require intervention in our group of patients. After
obtaining and reviewing the patient records and
applying inclusion and exclusion criteria, we used a
computer-generated randomizer to select 20 patients
for each group. The data extracted on each patient
included age, sex, laterality of surgery, length of
procedure, amount and type of IV fluid, and preop-
erative and postoperative glucose levels.

The NS and LR groups were compared for age,
fluid administration per weight (mL/kg), preoperative
glucose levels, and preoperative to postoperative
change in glucose levels. Statistical significance was
defined as P<0.05.

RESULTS
Twenty NS and 20 LR patients were isolated for

each group. Demographic comparisons are dis-
played in Table 1. No significant difference was found
between the 2 groups for age or fluid administration
(P>0.05). In addition, both groups were well balanced
for sex and laterality of surgery (right vs left).
Preoperative glucose levels were significantly higher
in the NS group.

The mean changes between preoperative and
postoperative blood glucose levels in the NS and LR
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groups were 34.4 – 70.32 mg/dL and 64.5 – 61.38
mg/dL, respectively (Table 2). The difference in the
mean change in glucose between the 2 groups was
not statistically significant (P¼0.157).

DISCUSSION
In 1983, Walsh et al conducted a small random-

ized study comparing an infusion of Hartmann’s
solution to normal saline in otherwise healthy patients
undergoing cholecystectomy and found no significant
difference in the intraoperative glycemic response
between the groups.10 However, given that this study
only analyzed nondiabetic patients who would be
expected to better compensate for alterations in
blood glucose, the results cannot be generalized to
the diabetic population. Van Zyl et al compared the
use of LR and NS for fluid resuscitation in patients
presenting with diabetic ketoacidosis and found the
average time to decrease blood glucose levels to <14
mmol/L (252 mg/dL) was significantly greater in the
LR group.11 These data raise further speculation
regarding the use of LR in diabetic patients.

Although the initial findings published by Thomas
and Alberti4 might suggest that LR should be avoided
in all diabetic patients to help control perioperative
hyperglycemia, alternative IV fluid options are not
entirely benign either. Large volumes of NS have
been shown to cause hyperchloremic metabolic
acidosis and acute kidney injury in intensive care unit
patients. While solutions such as Plasma-Lyte (Baxter
Healthcare Corporation) and Normosol (Hospira, Inc.)
are at a more physiologic pH and electrolyte
concentration than NS, these solutions are generally

more costly.12 Because of the cost and risk of
alternative IV fluids, LR is often used in the perioper-
ative setting despite its potential adverse impact on
glycemic control.

The results from our study indicate that LR does
not significantly increase blood glucose concentration
compared to NS in type 2 diabetic patients undergo-
ing CEA. One possible explanation for the minimal
change in blood glucose level after LR infusion has
been briefly discussed in an editorial by Simpson et
al.13 The article suggests that the 29 mmol/L of lactate
from Hartmann’s solution (or 28 mmol/L from LR)
could yield 14.5 mmol of glucose at most, which
converts to an approximate increase of 261 mg/dL in
blood glucose. While this number is clinically signif-
icant, after accounting for extracellular redistribution,
this number is considerably reduced to approximately
1 mmol/L or 18 mg/dL, which is clinically insignificant.
Another potential explanation for the minimal change
in blood glucose level is that the lactate is converted
to glycogen rather than to glucose by the liver in a
process known as the glucose paradox. Radioisotope
tracer studies have revealed that lactate is also
directly oxidized as a fuel source in the heart and
active skeletal muscles.13 In fact, Didwania et al
performed substrate-specific electrode analysis of 24
healthy volunteers who were infused with 1 L of LR,
NS, 5% dextrose in LR, or 5% dextrose in water and
found that LR and NS did not increase lactate
concentrations over an infusion period of 240 min-
utes.14

Table 1. Demographic and Procedural Data for Patients Receiving Normal Saline vs Lactated Ringer’s Solutions

Normal Saline Lactated Ringer’s P Value

Patients (n) 20 20
Sex (male:female) 8:12 8:12
Carotid Endarterectomy Laterality (right:left) 9:11 10:10
Age (years) 65.85 – 11.68 63.55 – 9.05 0.49
Length of Procedure (hours) 4.36 – 0.54 5.01 – 3.57 0.142
Fluid (mL/kg) 20.63 – 10.14 24.12 – 11.02 0.319
Preoperative Glucose (mg/dL) 177.1 – 71.23 136.80 – 44.23 0.038a

Note: Continuous data are expressed as mean – standard deviation.
aStatistically significant.

Table 2. Preoperative to Postoperative Change in Blood Glucose in Normal Saline and Lactated Ringer’s Groups

Normal Saline Lactated Ringer’s P Value

Change in Glucose (mg/dL) 34.4 – 70.32 64.5 – 61.38 0.157
Mean Difference (95% confidence interval) �30.1 (�71.01 to þ10.81)

Note: Continuous data are expressed as mean – standard deviation.
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According to most perioperative diabetic guide-
lines, blood glucose treatment is reserved for
patients with values greater than 200 mg/dL, and,
in most cases, insulin dose adjustments are only
recommended for changes from baseline of 50
mg/dL or more. Therefore, a 30.1 mg/dL difference
between LR and NS in the mean change in blood
glucose level (as seen in our study) would, at most,
only result in a change of 1 degree of insulin sliding
scale or basal rate adjustment and is therefore
clinically insignificant.

We must, however, point out the limitations of this
study. We had a large variance between preoperative
and postoperative blood glucose levels within both
groups, as well as a significant difference in preop-
erative glucose levels between our NS and LR
groups. This large variance could be secondary to
many factors, including poor preoperative blood
glucose control, intraoperative stress, or variations in
length of actual time between preoperative and
postoperative blood glucose measurements. These
factors could be better controlled by a prospective
study that used each test subject as a control,
infusing both NS and LR on separate occasions, or
by increasing the power of the study. Although this
study has limitations inherent to any retrospective
review, it provides an indication of the size of study
that will likely be required to demonstrate a difference
between LR and NS fluid regimens for CEA, if a
difference indeed exists. As such, our study has use
as a model on which to base future prospective
efforts.

CONCLUSION
The findings published by Thomas and Alberti4

have not been reliably replicated. We have a theoretical
basis to caution the use of lactated fluid replacement
therapy in diabetic patients. However, as our under-
standing of biochemistry has expanded, we now
appreciate that lactate does not contribute significantly
to glucose load. Based on the results of the current
study, LR does not appear to cause a significant
change in mean blood glucose levels of controlled type
2 diabetic patients undergoing CEA. However, ran-
domized controlled trials are needed to conclusively
determine whether LR adversely affects glucose control
in diabetic surgical patients.
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