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Ketamine-(Dex)Medetomidine, 
Hyperglycemia, Glycocalyx, and 
Vascular Permeability

To the Editor

Guerci et al1 used an in vivo rat model of hemorrhagic 
shock to investigate the clinically relevant ques-
tion whether breakdown of the glycocalyx results in 

increased vascular permeability. They found that the induc-
tion of hemorrhagic shock increased levels of glycocalyx 
breakdown products but did not change vascular permeabil-
ity, as indicated by a similar retention ratio of 0.8 for infused 
Alexa 70 kDa albumin (Figure 3B). The dichotomy between 
glycocalyx breakdown and vascular permeability argues 
against a significant role for glycocalyx in regulating vas-
cular permeability. This conclusion is surprising because of 
the large body of literature reporting that these 2 processes 
are interconnected. What factor(s) sets this study apart? We 
suggest that one factor could be hyperglycemia in all groups 
because of the use of medetomidine in the anesthetic regimen.

Ketamine-(dex)medetomidine anesthesia is a preferred 
anesthetic regimen for small animals because of its favor-
able effects on hemodynamics. But a negative aspect of this 
regimen is the development of hyperglycemia.2 α-2-Agonists, 
such as medetomidine, not only impair insulin release from 
the pancreatic β cells but also increase glucagon release from 
the α cells.2 The decrease in the insulin/glucagon ratio results 
in decreased glucose uptake and increased glucose production 
by the liver. Although blood glucose levels were not reported, 
it is likely that they were ≥14 mmol/L. In a very recent article 
using a rat model with similar dosage of dexmedetomidine 
as was used in Guerci et al,1 glucose concentration increased 
above 20 mmol/L.3 Previous work demonstrated that increas-
ing blood glucose levels to 25 mmol/L caused increased vas-
cular permeability, as reflected by increased disappearance of 
the 70 kDa fluorescence dextran marker from the blood.4 That 
study showed that with normoglycemia the retention ratio of 
the 70 kDa marker is approximately 1.0, whereas with acute 
or chronic hyperglycemia the ratio decreased to approxi-
mately 0.8 (Figure 2 of Zuurbier et al4).

As stated above, a retention ratio of 0.8 was observed for 
all experimental groups in Guerci et al.1 It is therefore likely 
that vascular permeability was already increased in the 
sham control group before the induction of a hemorrhagic 
shock. This then offers the possibility that additional deg-
radation of the glycocalyx could not further increase vas-
cular permeability. Studies in normoglycemic animals are 
needed to adequately test this explanation of the observed 
dichotomy between degradation of glycocalyx and vascular 
permeability.
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In Response

We read with interest the comments by Zuurbier1 
on our study2 published in Anesthesia & Analgesia. 
The author suggested that hyperglycemia-

induced glycocalyx shedding secondary to the anesthetic 
regimen used would contribute to the increased vascular 
barrier permeability (VBP) in the controls of our study. 
Therefore, it may introduce a bias in the observed results, 
impairing the interpretation of the data.

To date, there is no consensus on laboratory experimen-
tal science on the anesthetic regimen used for hemorrhagic 
shock models. Each anesthetic technique has qualities 
and flaws. We acknowledge the potential negative effects 
of (dex-)medetomidine on blood glucose levels by its α-2 
agonist action, as previously demonstrated in other species. 
Nevertheless, we mitigate the impact of hyperglycemia on 
the increase in VBP.

First, we emphasized that there is a gradation in terms 
of VBP injury during shock. Thus, the injury to VBP has 
several stages, starting from glycocalyx degradation (eg, 
altered mechanotransduction), followed by microcircula-
tory disturbances, and ultimately by cell-to-cell disruption 
that alters VBP. We suggested that glycocalyx degradation 
per se is not a sufficient trigger to cause hyperpermeability 
in this model. Thus, the analysis of VBP should be integra-
tive, or it should rely on multiple parameters.

Zuurbier et al3 explored the deleterious effects of hyper-
glycemia on the glycocalyx. Interestingly, in their study, 
they used a similar (to ours) anesthetic regimen in their 
controls without noticeably experiencing hyperglycemia  
(≈5 mmol/L).3 On the contrary, while using the same strain 
of mice (C57BL/6) with the same anesthetic regimen, higher 
blood glucose levels were observed.4 Surprisingly, these 
inconsistencies between the 2 studies were not addressed in 
their comments, and they remain yet unexplained.

We measured blood glucose levels during a series of 
experiments. Although blood glucose levels may increase 
(up to 17 ± 3 mmol/L; n = 5) shortly after surgery, they 
returned to normal values (5.65 ± 3 mmol/L; n = 4) at the 
end of the experiment (≈3 hours) in the control group. Blood 
glucose levels were transiently affected, and anesthesia was 
maintained with infusion of ketamine alone in our study.
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I (ventilation without need for an oral airway) or grade II 
difficulty of FMV (ventilation requiring oropharyngeal air-
way) in as many as 12,003 patients with <3 risk factors for 
difficult airway management, FMV did not worsen in any 
of them.2 After administration of succinylcholine during 
grade III difficulty of FMV (difficult and variable ventila-
tion requiring an oral airway and 2 providers, or an oral 
airway and 1 provider using pressure-controlled mechani-
cal ventilation requiring >25 cm H2O) in 90 patients with 
<3 risk factors for difficult airway management, quality of 
FMV improved by 1 grade in 56 patients (62%) and did not 
worsen in any of them.2

In the present investigation,1 patients with predictors 
of difficult airway were excluded. However, improved 
FMV after administration of a NMBD had previously been 
reported in patients with ≥3 risk factors for difficult FMV 
and in a subgroup of patients who were difficult to venti-
late.3 The investigators’ finding of faster establishment of 
effective ventilation and a shorter time interval between 
apnea and tracheal intubation during early compared to 
late administration of rocuronium1 is of clinical relevance. 
It may well decrease the risk of periprocedural hypoxemia 
by being able to provide adequate ventilation at lower infla-
tion pressures (thereby reducing the risk of gastric disten-
tion and, in turn, of regurgitation and pulmonary aspiration 
of gastric content) and by shortening the periods of apnea 
and unprotected airway.

In an editorial a little over 10 years ago, Calder and 
Yentis4 posed the then rather provocative question of 
whether the assumed “safe practice” of having to demon-
strate effective FMV before administering a NMBD would 
actually be compromising safe practice. The evidence that 
has since accumulated (including the one provided by the 
publication by Min et al1) strongly suggests that this is, in 
fact, the case. The review panel of the 4th National Audit 
Project (NAP4) considered delayed or absent administra-
tion of NMBD in the presence of airway problems as con-
tributing to the adverse events.5 The NAP4 report includes 
the following statements: (1) “Where facemask or laryngeal 
mask anaesthesia is complicated by failed ventilation and 
increasing hypoxia the anaesthetist should consider early 
administration of further anesthetic agent and/or a muscle 
relaxant to exclude and treat laryngospasm” and (2) “No 
anesthetist should allow airway obstruction and hypoxia to 
develop to the stage where an emergency surgical airway is 
necessary without having administered a muscle relaxant.”

Existing evidence shows that NMBDs are much more 
often the solution rather than the cause of airway problems. 
They should thus be administered as early as possible. It is 
conceivable that delayed muscle relaxation is a risk factor of 
difficult FMV, and that insistence on having to demonstrate 
effective FMV before administering a NMBD promotes the 
development of a “cannot ventilate, cannot intubate” situa-
tion. If ensuring effective FMV before injection of a NMBD 
were that essential for patient safety, the proponents of this 
practice would have to perform “awake” fiberoptic endo-
tracheal intubation in all patients with the indication for 
rapid sequence induction and intubation (RSII). Obviously, 
this is not the case. Not infrequently, RSII is even performed 
in patients with risk factors of difficult mask ventilation and 

Zuurbier et al4 argued that in normoglycemia, the reten-
tion ratio of the 70 kDa marker is approximately 1.0. One 
should not overlook that we used Albumin Alexa (molecu-
lar probes; ThermoFisher Scientific, Waltham, MA) in our 
study, not dextran 70 kDa, which could be either positively 
or negatively charged and more retained within the vascu-
lar system. We could not find in the literature the retention 
ratio of Albumin Alexa. To our point of view, any compari-
sons would be irrelevant.

Finally, even if the glycocalyx was damaged slightly at 
the beginning of our experiment, also in controls, the lev-
els of glycocalyx-shed products were similar at baseline to 
the ones reported in previous studies. Besides, hemorrhagic 
shock and fluid resuscitation produced a significant increase 
in the different components of the glycocalyx, suggesting 
that if shedding was occurring at the beginning, it was very 
minimal. If VBP was further damaged after hemorrhage, we 
would have seen a significant decrease in the retention ratio 
of Albumin Alexa by the end of the experiment.
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Another Nail in the Coffin of 
the Practice of Checking Mask 
Ventilation Before Administration  
of a Muscle Relaxant

To the Editor

The well-performed investigation by Min et al1 con-
firms numerous previous findings documenting 
improved ventilation after the administration of a 

neuromuscular blocking drug (NMBD). It contributes to the 
overwhelming evidence that in patients without an indica-
tion for “awake” fiberoptic intubation, the administration of 
a NMBD can be expected to never worsen but to frequently 
improve the quality of facemask ventilation (FMV). After 
administration of a nondepolarizing NMBD during grade 
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