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Impact of Early Mobilization on Glycemic Control
and ICU-Acquired Weakness in Critically Il Patients
Who Are Mechanically Ventilated

Bhakti K. Patel, MD,; Anne S. Pohiman, MSN, Jesse B. Hall, MD, FCCP,; and John P. Kress, MD, FCCP

BACKGROUND: ICU-acquired weakness (ICU-AW) has immediate and long-term conse-
quences for critically ill patients. Strategies for the prevention of weakness include modifica-
tion of known risk factors, such as hyperglycemia and immobility. Intensive insulin therapy
(IIT) has been proposed to prevent critical illness polyneuropathy. However, the effect of insulin
and early mobilization on clinically apparent weakness is not well known.

METHODS: This is a secondary analysis of all patients with mechanical ventilation (N = 104)
previously enrolled in a randomized controlled trial of early occupational and physical therapy
vs conventional therapy, which evaluated the end point of functional independence. Every
patient had IIT and blinded muscle strength testing on hospital discharge to determine the
incidence of clinically apparent weakness. The effects of insulin dose and early mobilization on
the incidence of ICU-AW were assessed.

RESULTS: On logistic regression analyses, early mobilization and increasing insulin dose pre-
vented the incidence of ICU-AW (OR, 0.18, P=.001; OR, 0.001, P = .011; respectively) inde-
pendent of known risk factors for weakness. Early mobilization also significantly reduced
insulin requirements to achieve similar glycemic goals as compared with control patients
(0.07 units/kg/d vs 0.2 units/kg/d, P<<.001).

CcoNcLUSIONS: The duel effect of early mobilization in reducing clinically relevant ICU-AW

and promoting euglycemia suggests its potential usefulness as an alternative to IIT.
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Neuromuscular weakness in the ICU can occur within
hours of mechanical ventilation! and persist for years,
resulting in long-term functional disability.2* At least
one-fourth of patients with prolonged mechanical
ventilation*> develop ICU-acquired weakness (ICU-AW),
which can lengthen the duration of mechanical ventila-
tions7 and is associated with increased mortality.8*
ICU-AW is a clinically detected weakness in critically ill
patients in whom there is no alternative plausible cause.!
Several risk factors, including corticosteroids,* immobi-
lization,!' multiorgan failure, and hyperglycemia,'? have
been identified as potential targets to modify the incidence
of ICU-AW.

Although the exact pathogenesis of ICU-AW remains
unknown, sustained immobility and inflammation seem
to play a role. Hyperglycemia in critical illness is often a
consequence of this sustained inflammation coupled
with enhanced hepatic gluconeogenesis and immobility
causing decreased peripheral glucose uptake by skeletal
muscle.’? Hyperglycemia has been the subject of much
study, with two randomized controlled single-center
trials of intensive insulin therapy (IIT) in the medical
and surgical ICU populations demonstrating a signifi-
cant reduction in neuromuscular weakness identified by

electromyographic studies.'*!6 Subsequent post hoc
analysis suggested that euglycemia rather than insulin
dose was related to the reduction of critical illness poly-
neuropathy.”” However, multicenter studies of IIT failed
to redemonstrate the mortality benefits of tight glycemic
control and instead showed a significant increase in
mortality,'#!° cautioning the use of hyperinsulinemia to
prevent neuromuscular complications of critical illness.

Exercise is known to improve hyperglycemia in other
insulin-resistant states and has antiinflammatory effects
suggesting its possible synergistic effect in preventing
ICU-AW 2021 Therefore, we performed a secondary
analysis of patients enrolled in an early mobility trial'!
during an era of widespread adoption of tight glycemic
control. We sought to understand if increasing insulin
dose decreases clinically relevant weakness as measured
by bedside muscle strength testing. In addition, we
sought to understand if early mobilization is associated
with decreased incidence of ICU-AW when adjusting
for other risk factors for weakness. Finally, given the effect
of exercise on hyperglycemia and inflammation, we
aimed to determine if early mobilization affects glyce-
mic control and, in turn, exogenous insulin require-
ments in critical illness.

Materials and Methods

This study is a secondary analysis of a randomized controlled trial
(N = 104) of patients in the medical ICU randomized to receive physical
and occupational therapy within 72 h of mechanical ventilation (early
mobilization) or standard care with therapy as ordered by the primary
care team. Details of the entire patient population are published else-
where.!" All enrolled patients who were mechanically ventilated had
daily interruption of sedatives,? protocol-based weaning from mechan-
ical ventilation,? enteral feeding, and initiation of insulin infusion
when three blood glucose concentration measurements exceeded
120 mg/dL. Insulin infusions were titrated to achieve a blood glucose
level between 80 and 120 mg/dL throughout the ICU stay. All patients
had an assessment by physical and occupational therapists blinded to
randomization assignment on hospital discharge. Strength of three
muscle groups in each upper and lower extremity was measured by
Medical Research Council score on a scale from 0 to 5.2425 ICU-AW
was diagnosed when an awake and attentive patient had a muscle
strength sum score < 48 out of a maximal score of 60 when all muscle
groups were able to be assessed.* Total daily insulin dose was collected
during ICU stay and normalized to weight (kg). All blood glucose
measurements were recording during the ICU stay. Cumulative daily

corticosteroid doses were converted to prednisone equivalent dosing
for comparison.?

Statistical Analysis

Data were analyzed using Stata 11.0 (StataCorp LP) software. Baseline
and outcome variables were depicted as medians (interquartile ranges).
We used Wilcoxon-Mann-Whitney two-sample rank-sum test to com-
pare continuous variables and x test or Fisher exact test where appro-
priate to compare categorical variables. To avoid multiple comparisons
of continuous variables with repeated measurements, we calculated
area under the curve (AUC) for all measured glucose values as sug-
gested by Matthews et al.”7

A univariable analysis of the outcome of interest, ICU-AW, was per-
formed, evaluating the effect of early mobilization, known risk factors
for ICU-AW, and insulin dose (normalized by weight and ICU length of
stay). To assess the effect of early mobilization and insulin dose on the
occurrence of ICU-AW, logistic regression analysis was then performed,
correcting for risk factors that showed at least a trend toward signifi-
cance (P=.1) on univariable analysis and others that were linked to the
outcome on a biologically plausible basis.

Results

A total of 41 of the 104 patients demonstrated ICU-AW
on hospital discharge. Although the baseline character-
istics of patients in the control and early mobilization

treatment groups were comparable, the patients with
ICU-AW were older, had higher APACHE (Acute Phys-
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iology and Chronic Health Evaluation) II scores, and
had longer duration of mechanical ventilation (Table 1).
There was no difference in total daily dosage of prednisone
equivalents (mg/kg/d). Median AUC glucose level was
comparable among patients with and without ICU-AW,
indicating standardized application of IIT protocol.
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TABLE 1 | Univariable Analysis of Baseline and Outcome Characteristics of Patients by Incidence of ICU-AW

Characteristics ICU-AW (n=41) No ICU-AW (n = 63) P Value

Baseline characteristics
Age 59.73 (52-70.13) 49.98 (25.45-63) .002
Female sex 19 46 33 52 .55
Weight, kg 77.3 (66.7-99) 79.5 (70.5-103.4) .49
BMI 28 (24.9-32.47) 27.5 (24.99-34.34) .84
APACHE II 23 (19-25) 17 (13-21) .00001
Sepsis 36 88 51 81 .36
Diabetes 16 39 20 32 .45

Outcome characteristics
Median AUC glucose,» mg/dL 131.4 (124.2-140.9) 131.1 (120.4-145.0) .82
% Goal calories while intubated 38 (11-59) 33 (11-57) .56
No. receiving corticosteroids in ICU 35 85 44 70 .07
Daily ICU prednisone,® mg/kg/d 1.34 (0.66-2.27) 1.57 (0.55-2.94) .65
Daily ICU insulin, units/kg/d 0.11 (0.05-0.15) 0.11 (0.06-0.22) .14
Ventilator days 9.28 (5.86-13.42) 6.47 (3.21-11.68) .02

Data are No. patients (%) or median (IQR). APACHE = Acute Physiology and Chronic Health Evaluation; AUC = area under the curve; ICU-AW = ICU-

acquired weakness; IQR = interquartile range.
aMedian AUC of glucose measurements during ICU stay.
bCorticosteroid doses were converted to prednisone dose equivalents.

Based on this univariable analysis, age, APACHEII,
early mobilization, and daily ICU insulin dose (units/kg/d)
were entered as independent variables in the logistic
regression for the incidence of ICU-AW. Increasing
age and severity of illness (APACHE II) were associated
with increased odds of developing ICU-AW (Table 2).
Furthermore, early mobilization decreased the odds
of weakness on hospital discharge by 82% (P =.003).
Although patients with and without ICU-AW achieved
similar glycemic control, increasing insulin dosage was
also independently protective against the development
of ICU-AW (OR, 0.001 per unit of insulin/kg/d;
P=.011).

Although control and early mobilization patients achieved
similar enteral feeding goals and glycemic targets, uni-
variable analysis (Table 3) demonstrated that mobilized

TABLE 2 | Logistic Regression Analysis for the
Development of ICU-AW

Variable OR 95% CI P Value

Age 1.04 1.00 to 1.07 .024

APACHE II 1.13 1.04 to 1.23 .004

Early mobilization | 0.18 0.06 to 0.55 .003

Daily ICU insulin, | 0.001 | 4.62x10-¢to 0.20 | .011
units/kg/d

See Table 1 legend for expansion of abbreviations.
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patients required less insulin (0.07 units/kg/d

vs 0.2 units/kg/d, P<.0001). Interestingly, despite a
slight but nonsignificant trend toward more daily pred-
nisone dosage in early mobilization patients (Table 3),
less insulin was required to achieve normoglycemia.
Additional analysis of the risk of ICU-acquired weak-
ness stratified by insulin dose suggested decreasing risk
of weakness with increasing insulin dose and the pre-
scription of early mobilization (Fig 1).

Discussion

Hyperglycemia has been associated with poor out-
comes, including increased infectious complications,226.29
ICU-AW,*% and mortality.?'* Targeting hyperglycemia
pharmacologically to prevent these outcomes is compli-
cated by hypoglycemic events and glucose variability,
which in practice paradoxically increases mortality.!?
The benefits of euglycemia in preventing neuromuscular
complications of critical illness identified by electro-
myographic testing are clear.’> However, routine elec-
tromyographic examinations are costly, invasive, and
limited by tissue edema and patient participation with
the examination. In addition, the discriminatory value
of these examinations in identifying weakness associated
with true functional deficits is unknown. Our data sug-
gest that the incidence of clinically significant weakness
with IIT still approaches 50%. However, the addition of
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TABLE 3 | Univariable Analysis of Baseline and Outcome Characteristics of Patients by Randomization

Characteristics Control (n=55) Early Mobilization (n=49) P Value
Baseline characteristics
Age 54.4 (46.4-66.8) 57.7 (36.5-68.8)
Female sex 23 42 29 59
Weight, kg 79.6 (68.8-99) 79 (70.5-99.5)
BMI 28 (23.2-34.3) 27.4 (25.1-32.1)
APACHE II 19 (13-23) 20 (16-24)
Sepsis 45 82 42 86
Diabetes 18 33 18 37
Outcome characteristics
Median AUC glucose,» mg/dL 130.6 (122.4-141.8) 131.9 (123.9-144.8) .5
% Goal calories while intubated 34 (15-58) 37 (11-58) .99
Daily ICU prednisone,® mg/kg/d 1.1 (0.6-2.4) 1.7 (0.9-3.0) .15
Daily ICU insulin, units/kg/d 0.2 (0.1-0.2) 0.07 (0.03-0.1) <.0001
ICU-AW on hospital discharge 26 47 15 31 .08
Ventilator days 6.1 (4.0-9.6) 3.4 (2.3-7.3) .02

Data are No. patients (%) or median (IQR). See Table 1 legend for expansion of abbreviations.
aMedian AUC of glucose measurements during ICU stay; of note, morning median glucose measurements were also not different (data not shown).
bCorticosteroid doses were converted to prednisone dose equivalents.

early occupational and physical therapy is associated immobility may be a more potent risk factor for weak-
with an 82% reduction in the odds of developing ness, or perhaps the synergy of maintaining euglycemia
ICU-AW, when adjusting for other risk factors such as with mobility and the antiinflammatory effects of exer-
age and severity of illness. These data suggest that cise are highly protective.
- ¥ Control
50%
= Early Mobilization
g
a0%
2 33% 33%
£ 30
3
ES
20% 17%
10%
0%
0%
0-0.15 0.16-0.3 0.31+

Daily ICU insulin (units/kg/day)

_— e T o L g - , % vs. ' .
Difference in % with ICU-AW in control vs. Early Mobilization receiving 0-0.15 insulin units/kg/day (64% vs Figure 1 - Percent at risk for ICU-

4% p=0.02
4% P=0.08) AW at hospital discharge stratified
** Difference in % with ICU-AW in Control patients receiving 0-0.15 vs. 0.15-0.3 insulin units/kg/day (64% vs. by daily ICU insulin dose and ran-
33% p=0.04) ICU= Intensive Care Unit ICU-AW= ICU-Acquired Weakness domization group.
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Interestingly, increasing insulin dose was protective for
ICU-acquired weakness even with similar glycemic
control among patients with and without weakness.
Our findings are in contrast with a previous post hoc
analysis of an earlier IIT trial's that used nerve conduc-
tion studies and demonstrated that euglycemia and
not insulin dose was the primary effector of reduced
critical illness polyneuropathy.!” These findings are not
surprising, given that insulin-independent tissues,
such as nerves, likely require euglycemia to prevent the
increased glucose flux and oxidative stress seen in
hyperglycemic states.** In contrast, skeletal muscle
uses insulin and exercise to mediate uptake of glu-
cose, suggesting that insulin dose and mobilization
may be the primary effectors of improved clinically
apparent muscle strength. This theory is supported by
increased insulin-mediated mRNA expression of glucose
transporter-4 in postmortem skeletal muscle biopsies of
patients receiving IIT in the surgical ICU tight glycemic
control trial. 36 Although insulin dose may be associated
with reduced ICU-AW, its safety profile in critically ill
patients cautions against its use as a therapy to prevent
weakness.

Our finding that mobilized patients achieved the same
glycemic targets as control patients despite receiving
approximately two-thirds less insulin suggests that the
euglycemic effect of exercise is preserved in critical ill-
ness. Hyperglycemia in critical illness is in part a conse-
quence of decreased peripheral glucose uptake by
peripheral tissues. Glucose uptake in skeletal muscle is
compromised by insulin resistance and loss of exercise-
induced uptake during immobilization. It is conceivable
that mobilization reduces the need to administer exoge-
nous insulin as hyperglycemia is abated by increased
glucose transport in contracting skeletal muscle. Clearly,
early mobilization had a potent effect on hyperglycemia,
since a daily mobility session (average duration, 25 min)?”
was sufficient to achieve greatly improved glucose
homeostasis. Further, the metabolic effects of mobiliza-
tion appear to persist well beyond the therapy session
itself, given remarkably reduced daily insulin require-
ments in these patients. The mechanisms behind this
interesting observation require further investigation.
The pathway for contractile activation of skeletal muscle
glucose transport has been shown to be normal in
animal models of insulin resistance and in patients with
type 2 diabetes.2® Further, it appears that a single bout of
45 to 60 min of exercise in patients with type 2 diabetes
can enhance glucose transport® and insulin sensitivity
that persists up to 20 h after exercise.® Thus, the notion
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that early mobilization of patients may overcome the
insulin resistance of critical illness, improving hypergly-
cemia and possibly insulin sensitivity, has biologic
plausibility.

Our analysis has some important limitations. Secondary
analysis of these data can merely suggest associations
between insulin dose and mobilization on weakness.
The original trial of early mobilization demonstrated a
nonsignificant trend toward decreased ICU-AW with this
intervention. Although the original study was not pow-
ered to detect a difference in the incidence of ICU-AW,
this analysis presents the first data, to our knowledge,
that suggest that mobilization is associated with reduced
clinically apparent weakness and warrants further study.
Also, the original study was done in an era of increased
use of corticosteroids in septic shock, which contributed
to a high proportion of patients receiving steroids (and
likely requiring insulin). However, the dosage of corti-
costeroids did not seem to be associated with increased
ICU-acquired weakness and seems consistent with
other published data suggesting that the link between
ICU-AW and corticosteroids remains unclear.*04!
Despite an enriched population of critically ill patients
receiving steroids, we were still able to demonstrate the
possible protective association of insulin dose and early
mobilization on weakness.

Our findings demonstrate contrasting relationships
between insulin requirements, ICU-AW, and early
mobilization. Increasing insulin administration was
associated with decreased weakness, and yet mobilized
patients required less insulin and were stronger. This
paradox likely represents the tension between pharma-
cologic and physiologic approaches to the prevention
of weakness. The therapeutic index of insulin therapy is
narrow, and doses required to prevent weakness may
be at the price of patient safety. Immobile patients may
require excess exogenous insulin to overcome their
insulin resistance, and perhaps the mechanism for
reduced weakness is related to the anabolic effects of
insulin counteracting the catabolic state in critical ill-
ness. Small human studies demonstrating increased
muscle protein synthesis*? and decreased protein break-
down* suggest biologic plausibility of this hypothesis.
Thus, insulin may improve the imbalance of proteolysis
over protein synthesis induced by inflammation,
thereby preventing atrophy, a proposed mechanism of
critical illness myopathy.* However, predicting insulin
need and using hyperinsulinemia to prevent weakness
in the immobile patient are problematic in the ICU.

In contrast, mobilizing patients may physiologically
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sensitize tissues to insulin and enhance endogenous

insulin effects.

Conclusions

Early mobilization may be preferred to intensive insu-
lin therapy and appears to have higher potency in the

prevention of ICU-AW, possibly because of its dual

effects in restoring glucose homeostasis and preventing

disuse atrophy. Thus, early mobilization may provide a

physiologic mechanism for overcoming insulin resis-

ther study.

tance of critical illness and ICU-AW and warrants fur-
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