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Abstract
Blood glucose control in intensive care unit (ICU) pa-
tients, addressed to actively maintain blood glucose 
concentration within defined thresholds, is based on 
two major therapeutic interventions: to supply an ad-
equate calories load and, when necessary, to continu-
ously infuse insulin titrated to patients needs: intensive 
insulin therapy (IIT). Short acting insulin analogues 
(SAIA) have been synthesized to improve the chronic 
treatment of patients with diabetes but, because of the 
pharmacokinetic characteristics that include shorter on-
set and off-set, they can be effectively used also in ICU 
patients and have the potential to be associated with a 
more limited risk of inducing episodes of iatrogenic hy-
poglycemia. Medical therapies carry an intrinsic risk for 
collateral effects; this can be more harmful in patients 
with unstable clinical conditions like ICU patients. To 
minimize these risks, the use of short acting drugs in 
ICU patients have gained a progressively larger room in 
ICU and now pharmaceutical companies and research-
ers design drugs dedicated to this subset of medical 
practice. In this article we report the rationale of using 
short acting drugs in ICU patients (i.e. , sedation and 
treatment of arterial hypertension) and we also de-
scribe SAIA and their therapeutic use in ICU with the 
potential to minimize iatrogenic hypoglycemia related 

to IIT. The pharmacodynamic and pharmachokinetic 
characteristics of SAIA will be also discussed.
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Core tip: In this article we report the rationale of using 
short acting drugs in intensive care unit (ICU) patients 
(i.e. , sedation and treatment of arterial hypertension) 
and we also describe short acting insulin analogues 
(SAIA) and their pharmacokinetic (PK) and pharma-
codynamic profile. SAIA have been synthesized to 
improve the chronic treatment of patients with diabe-
tes but, because of the PK characteristics that include 
shorter onset and offset, they can be effectively used 
also in ICU patients and have the potential to be asso-
ciated with a more limited risk of inducing episodes of 
iatrogenic hypoglycemia.
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INTRODUCTION
Blood glucose control in intensive care unit (ICU) pa-
tients, addressed to actively maintain blood glucose 
concentration (BGC) within defined thresholds, is based 
on two major therapeutic interventions: to supply an ad-
equate calories load and, when necessary, to continuously 
infuse insulin titrated to patients needs: intensive insulin 
therapy (IIT)[1,2]. Among the most relevant risks related 
to active management of  BGC is the induction of  iatro-
genic hypoglycemia[1-4]. Endogenous insulin is a 51 amino 
acids protein formed by 2 chains (A and B chains) linked 
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by disulphide bridges: “A” chain comprises 21 amino ac-
ids and has an N-terminal helix linked to an anti-parallel 
C-terminal helix with a critical role in the tertiary struc-
ture; “B” chain comprises 30 amino acids and has a cen-
tral helical segment where it joins the N- and C-terminal 
helices of  the A chain[5]. Physiologically, insulin is released 
by the pancreas with a characteristic biphasic profile as 
response to BGC increase: a rapid phase, due to exocy-
tosis of  “ready pool” granules and associated with the 
release of  5%-10% of  the insulin contained in the beta 
cells, is activated within few minutes after an increase in 
BGC and terminates rapidly; a slow phase, due to the re-
lease of  “reserve pool” granules, and lasts longer. Beside 
BGC driven insulin release, there is also a continuous 
insulin secretion throughout the day, not associated with 
meals that accounts for about 50% of  the whole daily en-
dogenous insulin secretion[5].

As underlined by several authors and by the patho-
physiology of  chetoacidosis in diabetic patients and in 
ICU patients, to supply an adequate calories load is a 
preliminary step for optimal management of  BGC and 
should be established before insulin infusion is instituted, 
even in patients with high BGC values[1,2,6].

Currently the standard of  care for the treatment of  
hyperglycemia in ICU patients is to establish intensive in-
sulin therapy by infusing rapid (R) insulin but-and this is 
among the most important drawback of  this therapeutic 
approach-it induces some additional risk of  iatrogenic 
hypoglycemia[1]. Various strategies have been used to 
minimize the risk of  inducing hypoglycemia when IIT is 
instituted, these include: to adopt a tighter BGC monitor-
ing protocol, to target a narrower BGC range, to increase 
the supplied calories load[1,7-10].

In 2001, a large randomized controlled trial in criti-
cally ill surgical patients demonstrated that tight glucose 
control (defined as the restoration and maintenance of  
BCG at or below 6.1 ± 2.1 mmol/L) by IIT was associat-
ed with a decreased mortality and rate of  complications[6]. 
Currently, other authors demonstrated that the incidence 
of  moderate hypoglycemia was significantly increased 
when target was BGC < 6.7 mmol/L and BGC < 8.3 
mmol/L may be a reasonable target for clinical practice[8]. 
Widening the target-range BGC might reduce the risk of  
hypoglycemia and hyperglycemia developing, thus limit-
ing neuronal damage[2]. In the subgroup of  neurocritical 
care patients both hypoglycemia and hyperglycemia may 
cause extended neuronal damage and potentially long-
lasting brain injury[1,2]. These patients must therefore 
undergo strict glycemia monitoring and abnormal blood 
glucose values should be immediately corrected[1].

In this article we report the rationale of  using short 
acting drugs in ICU patients (i.e., sedation and treatment 
of  arterial hypertension) and we also describe short act-
ing insulin analogues (SAIA) and their therapeutic use in 
ICU with the potential to minimize iatrogenic hypoglyce-
mia related to IIT. The pharmacodynamic and pharma-
chokinetic characteristics of  SAIA will be discussed.

RATIONALE FOR USING SHORT ACTING 
DRUGS IN CRITICAL CARE PATIENTS
In pharmaceutical research there is a trend to provide 
short acting drugs-also called “soft” drugs-to treat critical-
ly ill patients and the unstable phase of  acute illness and 
for anesthesia/sedation and perioperative management[11]. 
The use of  short acting vasodilators (i.e., nitroglycerin) 
in the acute phase of  acute myocardial infarction, acute 
episodes of  arterial hypertension in the treatment of  the 
acute phase of  heart failure and pulmonary edema is the 
paradigm of  the need for short acting drugs in the treat-
ment of  acute illness[12-14]. Recent antihypertensive drugs 
(as esmolol) and short acting opioids (as remifentanil) are 
prototypical “soft” drugs designed to fulfill the need for 
limiting drug-related residual effects when infusion is dis-
continued[11]. These molecules frequently rely on plasmatic 
metabolism by non specific bloodstream esterases. A 
common molecular paradigm to reduce pharmacokinetic 
(PK) characteristics (including onset and half  life) is to 
modify the parent compound into a “soft” drug by adding 
an ester linkage, thus, increasing its susceptibility to blood-
stream metabolism[11]. In anesthesia new drugs have been 
developed (midazolam, propofol, desflurane) modifying 
existing compounds in order to shorten anesthesia induc-
tion and awakening times[11,15].

Antihypertensive
Sympathetic stimulation contributes to cerebral hyper-
emia during emergence from craniotomy. B-blocking 
drugs may be considered to limit hemodynamic changes 
of  neurosurgical recovery. Esmolol blunted the increase 
in cerebral blood flow during recovery from neurosurgi-
cal anesthesia[16]. Hypertensive emergencies generally 
require intravenous treatment to achieve a rapid decrease 
in blood pressure and patients admitted to these care set-
tings may be sicker than patients treated with oral agents. 
The first choice antihypertensive drug varied by treat-
ment location. In ICU nitroglycerine was by far the most 
widely used (60%); in the emergency department furose-
mide was used in 34% of  patients and nitroglycerine was 
used in 27%; perioperatively urapidil was used in 34% 
of  patients and clonidine was used in 28%[12]. While ni-
troglycerine should be used as an adjunctive therapy, the 
high rates of  use in the European registry for Studying 
the Treatment of  Acute hypertension population likely 
reflect familiarity with its use, together with its ease of  
administration, titration and rapid reversibility[12].

Analgesia-sedation 
Analgesics and sedatives are commonly prescribed in 
ICU environment for patient comfort; however, recent 
studies have shown that these medications can them-
selves lead to adverse patient outcomes[17]. The use of  
short acting medications is associated with improved out-
comes such as decreased time of  mechanical ventilation 
and ICU length of  stay[17]. Using a short-acting opioid 
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with short context-sensitive half-life in an analgesia based 
sedation protocol may significantly decrease the duration 
of  mechanical ventilation and the ICU length of  stay 
even though not significantly in long term sedation, while 
improving the achievement of  sedation goals despite a 
lower requirement for adjunctive hypnotic agents, with 
no additional costs. The context-sensitive half-life of  
remifentanil is significantly shorter than those of  other 
opiates. In the remifentanil group, the decreases in need 
for mechanical ventilation and ICU length of  stay were 
associated with a significant decrease in the use of  add-
on hypnotics, suggesting that remifentanil was faster ad-
justable to the required sedation level[18].

Regarding sedation, Clinical Practice Guidelines[19] 
recommend the use of  propofol-rapid onset of  sedation 
(highly lipid soluble and quickly crosses the blood-brain 
barrier), and rapid offset (quickly redistribution with high 
hepatic and extrahepatic clearance)-and dexmedetomi-
dine (selective α2-receptor agonist rapidly redistributed 
into peripheral tissues) over benzodiazepines fot ICU 
sedation.

Inhaled anesthetics (short acting drugs) may be ideal 
sedatives for the ICU[20] because of  their pulmonary 
elimination, limited amount of  metabolism, bronchodi-
lation and cardioprotective effects[21]. However, inhaled 
anesthetics are not widely used for sedation in the ICU, 
since most modern ICU ventilators do not readily accom-
modate an anesthetic vaporizer. The new anesthetic con-
serving device, AnaConDa (Sedana Medical™, Sweden) 
uses a syringe pump to deliver inhaled anesthetic in liquid 
form into the breathing circuit of  a standard ICU ventila-
tor. Belda et al[22] adapted a classical PK model to obtain 
an infusion scheme for the clinical use of  the AnaConDa 
with sevoflurane. Another short acting drug in ICU.

SHORT ACTING INSULIN ANALOGUES
SAIA were developed to improve postprandial glycemic 
control and to minimize BGC excursions in diabetic pa-
tients[23-25]. Due to a PK profile closer to that of  endog-
enous insulin, when physiologically released by the trigger 
of  meals, SAIA have a faster rise in plasma concentration, 
higher peak concentration and shorter subcutaneous resi-
dence time than unmodified human insulin[26]. The clinical 
use of  SAIA is associated with lower postprandial peak 
BGC as compared with rapid insulin and doesn’t increase 
the incidence of  hypoglycemia[23-25].

Currently, 3 SAIA are available for clinical use: lyspro 
insulin (Humalog®; Eli Lilly, Indianapolis, IN, United 
States), aspart insulin (Novolog®/NovoRapid®; Novo 
Nordisk, Bagsvaerd, Denmark) and glulisine insulin (Api-
dra®; Sanofi, Paris, France).

Lyspro insulin, first SAIA that became available for 
clinical use in 1996, is characterized by a change in the 
amino acid sequence of  insulin B chain-proline in posi-
tion 28 and lysine in position 29 are inverted [Lys(B28), 
Pro(B29)]-that results in a reduced self  association[27-29]. 
These changes result in an insulin molecule with a re-
duced capacity for self-association[27,28]. Proline at posi-

tion B28 near the COOH-terminal of  the B-chain of  
human insulin is important for the proper configuration 
of  a p-sheet involving residues B24 through B26. Two 
insulin molecules align along this surface in an antiparallel 
orientation to form a nonpolar dimer. At this point, the 
nonpolar dimer interacts with zinc to form a hexamer, 
the basis of  Regular insulin formulations. The sequence 
of  lysine at B28 and proline at B29 can be found in 
insulin-like growth factor Ⅰ (IGF-Ⅰ) and is thought to 
be responsible for its lower degree of  self-association in 
comparison to insulin. Accordingly, IGF-Ⅰ is the model 
upon which the structure of  lyspro is based[27-29]. As a 
result of  these modifications, lyspro exhibits monomeric 
behavior in solution, binds zinc less avidly, and displays 
faster pharmacodynamic action than human Regular in-
sulin (Humulin R®). These findings are consistent with 
the rapid absorption expected from monomeric insulin 
injected subcutaneously[27,29].

Aspart insulin, second SAIA to achieve regulatory 
approval in 2000, is characterized by a change in the 
amino acid sequence of  insulin B chain-proline in posi-
tion 28 is substituted with the charged aspartic acid-this 
reduces self-association of  the molecule, allowing only 
weak dimeric and hexameric formation and thereby rapid 
dissociation after subcutaneous injection[27,29,30]. Receptor 
interaction kinetic studies have shown that aspart insulin 
behaves essentially like human insulin with regard to both 
the insulin and IGF-Ⅰ receptor with a similar potency 
to that of  human insulin[29,30]. Aspart insulin is absorbed 
twice as fast as regular insulin and reaches a maximum 
concentration in plasma of  approximately twice that of  
human insulin. Its activity profile is very similar to that of  
human insulin[29,30].

Glulysin insulin, third SAIA to receive regulatory ap-
proval, is characterized by a change in the amino acid 
sequence of  insulin B chain-lysine and glutamic acid are 
substituted for asparagine and glycine in positions 3 and 
29 respectively-it is thought that this latter substitution 
is predominantly responsible for its PK properties[27,29,31]. 
Studies indicate that glulisine has a very comparable PK 
and pharmacodynamic profile to insulin lispro[27,29,31]. 
Overall, the bioequivalence of  glulisine is similar to that 
of  human insulin[27,29,31].

DISCUSSION
In this review article we originally report the use of  SAIA 
in critical care patients. The pharmacodynamic and phar-
macokinetic characteristics of  SAIA available for clinical 
use are described and the rationale for using shorter act-
ing insulin is presented.

Altered pharmacology in the intensive care unit
Critically ill patients, not infrequently present alterations 
of  physiological parameters that determine the suc-
cess/failure of  therapeutic interventions as well as the 
final outcome[32]. Most common and complex syndromes 
occurring in ICU affect drug absorption, disposition, 
metabolism and elimination[33]. Pharmacological man-
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agement of  ICU patients requires consideration of  the 
unique PKs associated with these clinical conditions and 
the likely occurrence of  drug interaction[34]. Rational 
adjustment in drug choice and dosing contributes to the 
appropriateness of  treatment of  those patients[35].

Adverse drug events in intensive care unit
Intensive care medicine provides great benefits to pa-
tients with life-threatening acute illness or trauma. These 
benefits are a consequence of  advancements in diagnos-
tic testing, technological interventions and pharmacother-
apy. Simultaneously, the complexity and intensity of  care 
required by ICU patients is also associated with greater 
risks resulting from care[36]. Adverse drug events (ADEs), 
including adverse reactions and medication errors, are 
harmful and occur with alarming frequency in critically ill 
patients[37].

Patients in ICUs may be at especially high risk of  an 
ADE for the following reasons[38,39]: (1) The complexity 
of  diseases; (2) Pathophysiological status characterized 
by a wide range of  changes in organ dysfunction (altering 
PKs); (3) The high number of  medications administered; 
(4) Administration of  complex drug regimens; and (5) 
Increased length of  hospital stay. Hypoglycemia and hy-
perglycemia are in the 10 top ADE in the ICU[40].

Drug-drug interactions in ICU 
Drug-drug interactions (DDIs) in the ICU are associated 
with longer ICU stays, ADE and end-organ damage[41]. 
Critically ill patients are at an increased risk of  ADE 
related to DDIs because of  the large number of  medica-
tions that they receive and PK characteristics of  the ad-
ministered medications[42].

The 10 most frequently ocurring DDI in the ICU 
include insuline/metoprolol (moderate severity rating, 
β-blockers may enhance the hypoglycemic effects of  in-
sulin) and insulin/prednisone (moderate severity rating, 
corticosteroids may diminish the hypoglycaemic effect of  
antidiabetic agents)[43].

In this context, medical therapies carry an intrinsic 
risk for collateral effects; this can be more harmful in 
patients with unstable clinical conditions like ICU pa-
tients[44]. To minimize these risks, the use of  short acting 
drugs in ICU patients have gained a progressively larger 
room in ICU and now pharmaceutical companies and re-
searchers design drugs dedicated to this subset of  medical 
practice[11]. SAIA have been synthesized to improve the 
chronic treatment of  patients with diabetes but, because 
of  the PK characteristics that include shorter onset and 
offset, they can be effectively used also in ICU patients 
and have the potential to be associated with a more limit-
ed risk of  inducing episodes of  iatrogenic hypoglycemia. 
Clinical studies addressed to assess the dosing profile and 
the safety of  SAIA when used-as intravenous continuous 
therapy- to accomplish IIT in ICU patients.
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