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OBJECTIVE — Hyperglycemia is associated with poor clinical outcomes and mortality in
myocardial infarction, stroke, and general hospital patients. However, there are few data regard-
ing the effect of hyperglycemia on outcomes in patients receiving total parenteral nutrition
(TPN), a therapy that predisposes patients to hyperglycemia. The aim of this study was to
determine whether elevated blood glucose levels are associated with adverse outcomes in pa-
tients receiving TPN.

RESEARCH DESIGN AND METHODS — A retrospective analysis was undertaken
from the medical records of 111 patients (122 treatment episodes) receiving TPN. All patients
had blood drawn daily for the measurement of blood glucose levels. Outcome measures were
assessed as a function of mean daily blood glucose levels while receiving TPN.

RESULTS — Increased blood glucose levels were associated with an increased risk of cardiac
complications (odds ratio 1.61, 95% CI 1.09-2.37, P = 0.02), infection (1.4, 1.08-1.82, P =
0.01), systemic sepsis (1.36, 1.00-1.86, P = 0.05), acute renal failure (1.47, 1.00-2.17, P =
0.05), and death (1.77, 1.23-2.52, P < 0.01). When the data were examined by quartiles of
blood glucose levels, the mortality of subjects in the highest quartile was 10.9 times (95% CI
2.0-60.5, P < 0.01) that of subjects in the lowest quartile, and the risk of developing any
complication was 4.3 times higher (1.4-13.1, P < 0.01). These effects were independent of age,
sex, or prior diabetes status.

CONCLUSIONS — Hyperglycemia is a predictor of poor outcomes in patients receiving
TPN. The confirmation of a relation between blood glucose levels and adverse outcomes provides

support for tight glycemic control in these patients.
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yperglycemia is associated with ad-

verse outcomes in critically ill pa-

tients. A number of studies have
demonstrated a relation between blood
glucose levels and mortality after myocar-
dial infarction (1) and stroke (2). Among
hospitalized patients in general, those
with hyperglycemia have a higher mortal-
ity rate than those with normal glucose
levels (3). Hyperglycemia has been asso-
ciated with increased infection rates in pa-
tients after cardiothoracic (4-6) or
general (7) surgery. Recent randomized
controlled trials in intensive care settings

(8) and myocardial infarction (9) have
also demonstrated that glucose control
with insulin therapy can reduce mortality.

One group of patients who should be
particularly susceptible to hyperglycemia
are those who require total parenteral nu-
trition (TPN). These patients are often
critically ill and are administered prepa-
rations with a high glucose content. The
combination of these two factors leads to
a high frequency of hyperglycemia in a
particularly vulnerable population. Cen-
tral vein catheter infections have been ob-
served to be five times more prevalent in
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diabetic patients than in the general TPN
population (10). However, to date, the
potential for hyperglycemia to result in
other adverse outcomes in patients receiv-
ing TPN has not been systematically ex-
amined. The purpose of this study was to
determine if hyperglycemia in patients re-
ceiving TPN is associated with adverse
outcomes and, in particular, with in-
creased mortality.

RESEARCH DESIGN AND
METHODS — The medical records of
all patients receiving TPN during the cal-
endar year of 2002 at Westmead Hospital,
Sydney, were reviewed. The majority of
patients receiving TPN at our hospital
have a gastrointestinal indication (ab-
dominal surgery or ileus) or require nu-
tritional support in the context of renal/
pancreas or bone marrow transplant.
Patients receiving TPN are individually
assessed on a daily basis by a specialist
clinical pharmacist and a clinical nurse
consultant in the Nutrition Support Ser-
vice. One liter of standard TPN formula
includes 8.3 g nitrogen, 50 g L-amino ac-
ids, and 250 g glucose, giving 3,980 kJ.
TPN is usually commenced at 42 ml/h,
with remaining fluid requirements made
up from 0.9% saline. Vitamin K, a multi-
vitamin solution (Cernevit; Baxter,
Mourepas, France), thiamine, and trace
elements are added as required. A fat
emulsion of Intralipid (Pharmacia, Frese-
niusabi, Sweden) might also be com-
menced. After 24 h, the TPN rate is
adjusted according to the patient’s needs.
A special file with daily clinical and bio-
chemical details recorded on a flow sheet
is kept for every patient receiving TPN.
All patients have blood drawn daily
for measurement of blood glucose levels.
If the blood glucose level is >10 mmol/l,
the TPN rate would be reduced by 21
ml/h to a minimum of 42 ml/h. The TPN
solution would also be adjusted to pro-
vide maximal calories and protein, with a
lower glucose content where possible.
Hyperglycemic patients would also un-
dergo blood glucose testing every 4 h by
finger prick. If the blood glucose level re-
mains >10 mmol/l, the protocol calls for
the commencement of an insulin infu-
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Table 1—Risk of complications in relation to mean daily blood glucose level

OR (95% CI) p

with diet alone. TPN was administered for
a primary gastrointestinal indication in 63
episodes, as support for transplantation in
43 episodes, and for other reasons in 16

Any infection 1.40 (1.08-1.82) 0.01 " episodes. The mean duration on TPN was
Septicemia 1.36 (1.00-1.86) 0.05  12.1 +20.4 days. The overall mean daily
Acute renal failure 1.47 (1.00-2.17) 0.05  blood glucose level during TPN was 8.0 *
Cardiac complications 1.61 (1.09-2.37) 0.02 1.5 mmol/l.

Death 1.77 (1.23-2.52) <0.01 Of the 122 treatment episodes, 51
Any complication 1.58 (1.20-2.07) <0.01  ere affected by one or more complica-

Data determined by logistic regression analysis.

sion, which is continued for the duration
of TPN therapy.

For each TPN episode, we recorded
the daily blood glucose levels and calcu-
lated the mean daily blood glucose levels
for the duration of TPN therapy. Out-
come measures during TPN were re-
corded from the medical record. These
were the development of any infection,
septicemia, a cardiac complication, acute
renal failure, or death. Any infection was
defined as culture-proven infection while
receiving TPN and included wound,
drain, catheter, respiratory tract, and uri-
nary tract infections. Septicemia was de-
termined on the basis of blood
culture—proven infection. Cardiac com-
plications were defined as myocardial in-
farction, cardiac arrhythmia, or cardiac
arrest documented by electrocardiogram
and/or cardiac enzyme evidence. Acute
renal failure was defined as the clinical
diagnosis of acute renal failure with doc-
umented new-onset abnormal renal func-
tion while receiving TPN. Death was
defined as death occurring during admis-
sion, either during the time TPN was re-
ceived or after TPN treatment was
completed. Death during admission
rather than during the treatment episode,
as with other outcome measures, was
chosen because many patients who un-
dergo treatment with TPN die within a
period of several days after treatment ces-
sation. The aggregate outcome variable of

“any complication” was made on the basis
of any of the above complications being
present. Outcome measures were as-
sessed as a function of mean daily blood
glucose levels while receiving TPN.

In addition to mean daily blood glu-
cose levels, other prognostic variables
were examined: previous diabetes status
(based on clinical history), insulin infu-
sion therapy, and age. Patients were clas-
sified as having diabetes if they had a
documented history of diabetes.

Statistical evaluation of univariate re-
lations was performed using simple logis-
tic regression analysis. Multivariate
analyses and calculation of adjusted odds
ratios (ORs) were conducted with step-
wise multiple logistic regression. ANOVA
was used to compare groups with nor-
mally distributed data. Where there was a
nonnormal distribution of data, the
Mann-Whitney U test was used. P < 5%
was considered significant. Except where
stated otherwise, all results are expressed
as means * SD.

RESULTS — In the study, 109 patients
(mean age 51.9 * 18.7 years) received
TPN in 122 treatment episodes. Of the
122 treatment episodes, 67 (55%) oc-
curred in men and 33 (27%) occurred in
patients with known diabetes. Among the
33 episodes in diabetic patients, 20 pa-
tients were being treated with insulin, 5
with oral hypoglycemic agents, and 8

tions. With logistic regression analysis,
the risk of “any complication” occurring
while receiving TPN was found to be in-
creased with an elevated blood glucose
level (OR 1.58, 95% CI 1.2-2.07, P =
0.001). Therefore, for each 1-mmol/l in-
crease in blood glucose, the risk of any
complication increased by a factor of
1.58. Similar increases in risk with higher
blood glucose levels were also seen with
the other outcome parameters (Table 1).

For each outcome measure, data were
also analyzed by dividing the TPN epi-
sodes into quartiles by mean daily blood
glucose levels (=6.9, 7.0-7.8, 7.9-9.1,
and >9.1 mmol/l). The relative risk of
complications was analyzed using blood
glucose =6.9 mmol/l as the reference cat-
egory. Compared with those in the lowest
quartile of mean daily blood glucose lev-
els, patients in the highest quartile had an
OR of 4.3 (95% CI 1.4-13.1, P = 0.01)
for developing any complication and 10.9
(2.0-60.5, P < 0.01) for dying. This as-
sociation persisted even after adjusting for
age, sex, and preexisting diabetes (Table
2).

Having known diabetes did not in-
crease the risk of any of the complication
outcomes. In fact, there was an indepen-
dent negative association between having
known diabetes and death (OR 0.18, 95%
C10.04-0.90, P = 0.04), despite a higher
mean blood glucose level. However, dia-
betic patients were on TPN for a lesser
duration and had a shorter hospital stay
(Table 3).

Table 2—Risk of complication by blood glucose level quartile after adjusting for age, sex, and presence of preexisting diabetes

<6.9 N 6.9—7.8 mmol/l 7.9-9.1 mmol/l >0.1 mmol/l
.9 mmo
(OR) OR (95% CI) P OR (95% CI) P OR (95% CI) P

Any infection 1 1.3(0.4-4.2) 0.71 2.8(0.9-8.8) 0.08 3.9(1.2-12.0) 0.02
Septicemia 1 0.8 (0.2-3.6) 0.73 1.0 (0.2-4.5) 1.0 2.5(0.7-9.3) 0.17
Acute renal failure — 1 N 14.8 (1.7-129.1) 0.02 10.9 (1.2-98.1) 0.03
Cardiac complications 1 1.1 (0.1-18.7) 1.0 4.9 (0.5474) 0.17 6.2 (0.7-57.8) 0.11
Death 1 1.0 (0.1-8.0) 1.0 3.4 (0.6-19.9) 0.18 10.9 (2.0-60.5) <0.01
Any complication 1 1.2 (0.4-3.8) 0.76 4.1(1.4-124) 0.01 43(1.4-13.1) <0.01

Data determined by stepwise logistic regression analysis. ORs are expressed using blood glucose =6.9 mmol/l as a reference category. Because there were no cases
of acute renal failure in the lowest quartile of blood glucose, the combined blood glucose groups <6.9 and 6.9-7.8 mmol/l were used as the reference category.
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Table 3—Differences between subjects known to have diabetes and those not known to have

diabetes

Known diabetes No diabetes P
TPN episodes 33 89 —
Age (years) 49.5 (38-69) 52 (38-67) NS
Male sex (%) 48 60 NS
Mean blood glucose (mmol/1) 9.0 (7.8-9.6) 7.4 (6.5-8.7) 0.05
TPN duration (days) 5 (4-7) 7 (5-14) 0.06
Length of hospital stay (days) 23 (10-42) 29 (20-45) 0.04

Data are median (range).

Treatment of hyperglycemia with in-
sulin infusion was associated with an in-
creased rate of “any complication” (OR
2.7,95% CI 1.3-5.6, P = 0.01), but this
association did not achieve significance
for death (2.4, 0.9-6.4, P = 0.07). How-
ever, the patients requiring insulin infu-
sion had a higher mean blood glucose
level compared with those not requiring
insulin (8.9 = 1.3 vs. 7.5 £ 1.4 mmol/l;
P < 0.01), suggesting that their insulin
infusion was inadequately administered.
It is also likely that patients who were
treated with insulin had a greater severity
of illness, as they had a longer TPN treat-
ment duration (129 * 152 vs. 11.3 *=
22.7 days; P = 0.03) and longer hospital
stay (42.9 = 34.6vs. 37.1 £46.7 days; P =
0.03) than those not requiring insulin infu-
sion. No cases of hypoglycemia were docu-
mented with insulin infusion therapy.

CONCLUSIONS — This study dem-
onstrated a strong relation between hy-
perglycemia and morbidity and mortality
in patients receiving TPN. Although an
association between hyperglycemia and
infection in surgical patients is well estab-
lished, our study indicates that there are
other more serious complications from
hyperglycemia. The 11-fold increase in
mortality among subjects in the highest
quartile of mean daily blood glucose level
(>9.1 mmol/l) provides stark evidence of
the implications of hyperglycemia in this
situation. We also found an association
between hyperglycemia and the develop-
ment of cardiac complications and acute
renal failure. Moreover, the increase in
risk was present at a much lower glucose
level than what might be regarded as
frankly diabetic. An increase in total com-
plications appeared to develop after the
mean daily blood glucose level rose to
>7.8 mmol/l, although for individual
complications examined this did not
reach statistical significance until higher
mean glucose levels were reached. This

threshold is in agreement with that in re-
cent studies where relatively modest lev-
els of hyperglycemia have been associated
with adverse outcomes in patients with
critical illness (11).

A number of studies have demon-
strated that severity of hyperglycemia
rather than background diabetes is a
stronger predictor of adverse outcome for
patients with acute myocardial infarction
(1) and stroke (2) and for hospitalized pa-
tients in general (3). We also found that it
was primarily hyperglycemia, rather than
diabetes per se, that was associated with
adverse outcomes. In fact, in our study,
diabetic subjects had a lower risk of death
despite a higher mean blood glucose level.
The longer duration on TPN and length of
hospital stay suggests that the nondiabetic
patients were sicker, which may explain
their worse outcomes. In many ill nondi-
abetic patients, the hyperglycemic state
indicates an extreme level of illness or
“stress hyperglycemia.” When these pa-
tients returned to good health, their glu-
cose levels may have normalized.
Therefore, the same level of hyperglyce-
mia in a nondiabetic patient may indicate
a greater severity of illness than for a dia-
betic person. We acknowledge, however,
that because the diagnosis of diabetes in
our study was based on clinical history, it
is possible that some of the nondiabetic
subjects had undiagnosed diabetes. Be-
cause this was a retrospective study, there
was no organized testing for diabetes
among the surviving hyperglycemic non-
diabetic subjects after discharge.

Although the elevation in blood glu-
cose may reflect the severity of illness,
there is evidence that hyperglycemia in
itself is directly harmful. Earlier studies
have suggested a threshold glucose level
of ~11-12 mmol/l for increased risk of
infection. One study that examined post-
operative diabetic patients found that in
patients with at least one glucose mea-
surement >220 mg/dl (12.2 mmol/l) on

Cheung and Associates

the first postoperative day, the infection
rate was 2.7 times that observed in dia-
betic patients with all glucose measure-
ments below this cutoff (7) and the
relative risk for serious infection was 5.8
(24.6vs. 4.2%). Goldenetal. (6) found an
association between infection rates and
blood glucose levels in cardiac surgery pa-
tients, with a progressive increase after
the mean finger prick capillary blood glu-
cose exceeded 200 mg/dl (11.1 mmol/l).
Zerr et al. (5) noted that among patients
undergoing open heart operations, there
was an overall deep wound infection rate
of 1.7 vs. 0.4% for diabetic and nondia-
betic patients, respectively. During their
study period, the implementation of a
protocol of postoperative insulin infusion
to maintaining capillary blood glucose
<200 mg/dl (11.1 mmol/l) decreased the
rate of deep wound infections from 2.4 to
1.5% among the diabetic patients. A fur-
ther study from this group compared the
use of insulin infusion to maintain a blood
glucose level <200 mg/dl against histori-
cal control subjects where sliding scale
subcutaneous insulin was used. This re-
sulted in a reduction in the rate of deep
sternal wound infection from 2 to 0.8%
.

The reasons for the increased risk of
complications with hyperglycemia may
be multifactorial. Different mechanisms
have been identified for the various com-
plications. The primary mechanism re-
sponsible for the increased risk of
infection with hyperglycemia has been
characterized as phagocyte dysfunction.
Specific abnormalities that have been
demonstrated include impaired leuko-
cyte chemotaxis (12), impaired granulo-
cyte adherence (13), agonist-dependent
reduced release of lysosomal enzymes
and leukotriene B, production (14), re-
duced superoxide formation (15), and re-
duced respiratory burst activity (16). In
addition, short-term hyperglycemia has
been demonstrated to reduce lymphocyte
counts (17); glycation of immunoglobu-
lins has also been reported (18).

Diabetes has been associated with al-
tered hemostasis, increased levels of clot-
ting factors, increased platelet activation,
and elevated levels of plasminogen activa-
tor inhibitor 1 (19). Hyperglycemia also
increases inflammatory cytokines and ox-
idative stress (20—21). The hypercoagula-
bility and inflammatory state are likely to
contribute to the increased risk of cardiac
complications, and an association be-
tween hyperglycemia and adverse out-
come after myocardial infarction has been
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demonstrated in older studies (1) as well
as in the reperfusion era (22). Moreover,
there is evidence that hyperglycemia pro-
motes apoptosis in some cell systems and
that this may contribute to cardiac myo-
cyte loss (23). Acute hyperglycemia has
also been associated with proteolysis (24),
which may contribute to the catabolic
state of critically ill patients.

It seems logical that control of hyper-
glycemia during critical illness should re-
sult in an improved outcome. In one
study of TPN patients, hypocaloric feed-
ing failed to improve glycemic control
and did not reduce the infection rate (25).
However, in other patient groups with
critical illnesses, randomized controlled
trials of glucose control with insulin ther-
apy has been shown to improve survival
and reduce morbidity. Tight glycemic
control with insulin infusion in intensive
care patients reduces mortality, sepsis, re-
nal failure, critical-illness polyneurop-
athy, the need for blood transfusion, the
duration of mechanical ventilation, and
the length of stay (8). The Diabetes and
Insulin-Glucose Infusion in Acute Myo-
cardial Infarction (DIGAMI) study (9)
showed a survival benefit where hyper-
glycemic or diabetic patients experienc-
ing myocardial infarction were treated
with insulin infusion.

Insulin may improve outcomes
through the correction of hyperglycemia,
but it also has direct anti-inflammatory
properties that may provide additional
benefits to critically ill patients (26). In
myocardial infarction, insulin infusion re-
duces C-reactive protein, serum amyloid
A, and plasminogen activation inhibitor 1
(27,28), all factors that have been associ-
ated with adverse outcomes. Insulin’s
well-known anabolic effect might also be
beneficial in times of nutritional stress,
such as in patients requiring TPN. There-
fore, we were initially surprised that the
treatment of hyperglycemia with insulin
infusion in our study was associated with
poorer clinical outcome in relation to in-
creased risk of infection, renal, and car-
diac complications. However, it is
possible that the patients receiving insulin
had more severe disease and suboptimal
treatment of hyperglycemia, as suggested
by these patients’ higher mean blood glu-
cose level and longer duration of TPN and
hospital stay. It is unlikely that the insulin
infusion protocol was strictly adhered to.
It therefore remains to be determined
whether insulin infusion therapy might
be beneficial for patients receiving TPN.

The implications of our findings may

be profound. Hyperglycemia is a com-
mon occurrence in patients receiving
TPN, even in patients without known di-
abetes (29). Although we do not have
conclusive data to show that tight glyce-
mic control will improve outcomes, stud-
ies from other critically ill patient groups
would suggest this to be the case. Admin-
istering insulin infusions to all these pa-
tients would place additional demands on
the patient, nursing staff, and hospital
system. Because the risk of hypoglycemia
rises with tight control, frequent capillary
blood glucose monitoring would be man-
datory. This may be particularly difficult
for hematology patients. In an intensive
care setting, one-on-one nursing allows
the adoption of a tight glycemic control/
insulin protocol with relative ease. How-
ever, many TPN patients may be outside
the intensive care unit, where nurse staff-
ing levels are lower. For patients on pro-
longed durations of TPN, it might be
difficult to maintain the level of nursing
care required for an intensive insulin pro-
tocol. These factors will need to be con-
sidered in the adoption of an intensive
insulin protocol. However, the marked
association between hyperglycemia and
adverse outcomes suggests that tight glu-
cose control is an important aspect of the
care of patients receiving TPN.

In conclusion, hyperglycemia is asso-
ciated with adverse outcomes in patients
receiving TPN. This suggests that control
of hyperglycemia might be of benefit, but
formal clinical trials of insulin infusion
therapy for TPN patients with hypergly-
cemia should be conducted to ascertain
the glycemic targets required for optimal
clinical outcomes.
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