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j Hypoglycemia: PerGeptlon of NeurogenIc 

(Predominantly Ch~l.irergic) Rather 
 I 

!
Than Neuroglycopenic Sympt0111S 

also mediate nypoglycemia. aware­
, I!.A TOWLER. c/:· flA \ -UN. 5. CRAFT. ond P. CR'r'ER ness: Adienergic inechaDisms midi­

[)htbL'It:~ -12: /7y/-yS. NY;' ,~tt..,9itR-.~r ,n.e1!J'ogep}c.sympt91llS .,such 
.:~ :§pakirig' and:,tremulousness, heart. . . . . . . . . . . . . . . . . . . . . . . . . . . 
p'oundirig; . ana .anXiety and nervous­
n·ess~ HyppglyceIllia"a:\viu:eries's"is 
l-,u:¥.~iY; ,if'not .. ~:X.CIusive.lY;:clue ~tP.

, Summary and Commentary by Walter P. Borg, MD, 
and \Villiam V Tamborlane, MD ,.paJ:t.eJ!~·:a~ili.~Y)o pe;rceive· .' . 

pr~t.neUrogenic ra~er than neurogly'­' Objective. To study how to reproduce glycemia with panautonomic adrenergic 
,c~p:~nk.,sY!J1pto1llS ...l hypoglycemi;J·rdatcd symptoms. objec­ and chIorinergic blockade using phento­

tiv.:!: discern neurogenit: (autonomic) lamine. propranolol. and atropine. 
t from neuroglycopenic symptoms. and Cognitive function tests. which mea­
! ;Iddrl'~s whether hypoglycemia aware- sured global cognitive function. aHen­ 0.00 I l. anJ anxiety and namusness (P < 

111.:.'.' I, the result oj per~·ei\'t.'J neurogenic lion. and memory. and hormone and 0002), Significant nellrogcni<: choliner­

or llL'uroglycopenic symptoms. melabolic measurements were also per­
 gil' symptoms included ~vvC::ltin!! (P < 

formed during each study. Blood pres­ 0.00 I). hunger (P < 0.00 I I. imu tin!.!ling Q~si9n. R'lIldomiud controlleJ study. sure and heart rale were monitored (p =0.(09). Significant n=u!'\}gIY~'9peni~ 

.ljects. Ten he.lithy young adults (7 throughout. symptoms, thOse prouu..:eu by h.~o­


men. :I women. ~~--~9 years of age). glycemia but not redU'::fJ by panalJto­
Results. Significant (analysi$ of vari­
nomic blockade. incluue,! warmth (P <Measurements. Hypoglycemia aware­ ance P < 0.00 I) treatment effects on 
0.001). weakness (P ::; 0.0 I I J. 'difficultyn"" (i.e .. il ,ubj..:ctivL' perception of low hypoglycemia awareness were noted. 
thinking and confusion (P =0.00-+). and blnoJ glUcose). 16 hypoglycemia-related The mean ± SE score for this symptom 
tiredness and drowsine:--:; (P = 0.003),

,ymptums. anJ J unrelated control symp­ did not change during euglycemia but did 

tums were measured on four occasions in increase dming hypoglycemia (2.1 ± Conclusions. The author:-- concluded 

r;lnd~)m sequence. The four occasions OA). This increase was not reduced sig­ that chOlinergic mechani$m~ mediate an 

were as follows: 1) during clamped eug· nificantly by adrenergic blockade (1.6 ± important. previously uncharacterized 

Iycemia (~S m:v! [90 mg/dJj); 2) during 0.5) but was reduced significantly and component of the neurogenic symptoms 

clamped hypoglycemia (-2.5 mM [45 substantiall y (-70%) by panautonomic of hypoglycemia and hypoglycemia 

mg/dl]J: J) during clamped hypo­ blockade (0.6 ± OJ). awareness. Hypoglycemia awareness is 

glycemiil with combined 0:- and jj-adren­ Significant neurogenic adrenergic largeiy.. perhaps exclusi\ely. the result of 

.... rgic blockade (phentolamine and symptoms included shaking and tremu· whether patients perceive neurogenic 

propr:ulO!oIJ: and 4) clamped hypo- lousness (P < 0.001), heart pounding (P < rather than ncurogJycopenic symptoms. 


. . . . . . . . . . . . . . . . . . . . . . 
·C 0 M MEN TAR Y· 

In the' mid· J9~Os. the glucose damp. technique was adapted as a <:aused by mild-to·moderately reduced blood g!,:cose levels are 
test 10 "sse;;;; the response to hypoglycemia.' This paved the way mediated by lH.:tivuting the autonumic 1ll:I'VOth ~: stell!. Crver's 
!or numerous studies th'lt have greatly enh.mced our knowkdge group in St. Louis. frum which this papt.'r com" .... has re-tc;med 

«huut factors thaI intllH:nce the n::sponse to and recognition of these "neurogenic" symptoms. 

hypoglycemia. Towler and colleagues' sllluy is an cl\ccllent However, many warning symptoms (i.e .. s\\cating. hunger. 

o.illnpir: of how the clamp technique can be combined with and tingling) appear to be mediated by choliner>:ti<:. rather than 


I 

_.Slttler complex infusion protocols to more precisely determine adrenergic, mechanisms because panaulonomic-blockade sup­

lich components of the autonomic nervous system contribute pressed these symptoms but adrenergic blockade alone did not. 

~Ylllptomatic hypoglyl:emia awareness. Surprisingly, the same response pattern wa~ :--een for the more' 

Tell or fifteen years ago. hypoglycemic symptoms would global· symptoms of low blood glucose. Adreneroic blockade 


have been broadly divided into early adrenergic warning symp­ alone substantially decreased other symplom;,. such as shaldng 

hUllS nnd subsequent neuroglycopenic symptoms if blood glu­ and hean pounding. " 

....\}SC It:vels continued to fall. This study confirms that symptoms These findings nre Jifficult to interpret tx:cause the blocking 
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agents directly affect the central nervous system. which could 
~ake hypoglycemia harder to recognize. Towler's study illus­
trates this by the changes observed in cognitive function when 
blocking agents were infused before blood glucose was 
reduced. To overcome this obstacle. David Kerr, MD/ who was 
a member of our group. used the glucose clamp procedure in a 
different way. He directly ex-amim;d the effects of the rise in 
cou nterregulatory hormon:.~!=>rf·symptoms scores in the 
absence of hypoglycemia. . .. '. 

Kerr compared hypoglycemic symptoms scores in 10 healthy 
subjects during a hypoglycemic clamp (plasma glucose lowered 
from 5.0 to 2.8 mM) with those during a euglycemic clamp com­
bi n..-:d wi th exogenous epi nephrine. norepi ne phri ne. cortisol. 
glucagon, and growth hormone infusions to mimiC the plasma 
hormone profile observed during the hypoglycemic clamp 
study. Although the hormone infusions caused adrenergic symp­
toms to increase, as they did during the hypoglycemic clamp, 
hunger, sweating, and "feeling low" did not increase. 

These data are entirely consistent with Towler's. His data 
also showed the importance of activating endogenous choliner­
gic mechanisms. The exogenous infusions of norepinephrine, 
which functions as a neurotransmitter. probably had little physi­
ological effect. 

A strength of this study is that the investigators addressed 
clinically relevant questions using a scientifically rigorous study 
design Nevertheless. no one study can cover all the bases. For 
exa,;1ple. determining how cholinergic blockade alone affected 
the responses to hypoglycemia would have been interesting. 
Another caveat is that compared with how accurate many of the 
measurements in this study are. the symptoms scores are subjec­
tive and Imprecise, and the scores during hypoglycemia 

increased only modestly (1-2 POlnts on a '-POlO! scait'). 
The study results tend to downplay the imponancc of adren­

ergic symptoms in recognizing "feeling low" In nondlaoctH: 
subjects. Would the same be true for patients v.nh IIhul:n­
dependent diabetes mellitus (IDOM). who ha,'c hau ample 
opportunity to relate such adrenergic symptom~ to to\\ bluod 
glucose readings on their monitors at horne') With experienc:e. 
even patiems who lack neurogemc syll1ptom~ ll1a; be abte to 
detect early neuroglycopenic symptoms. such a.'; tllIlli.;u!t; 
thinking. before more severe cerebral irnp:!ll"Incnb IrHCnc:n,: 

If the rise in plasma epinephrine !t','e!s that :l,xolllpames 
hypoglycemia is not critically illlponall! r,)r reCv;efll/.ln;! 11'. Pl.'­

glycemia in patients with diabete:-.. U,)e~ th~lt Il1lpl;- riu; ~;dr~I;"f 
gic blocking agents can be: safely USCU In patlcrHs v.I[11 !DD\I' 
The ability of these agents to block responsl\'e II1crea~es in ti.lUV 

acids and lactate. and presumably other aspects of enuo~enoll~' 
counterregulation. argue such a conclusion. • -
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Summary and Commentary by Irl B. Hirsch, MD 

Objective. To determine the cognitive sion was initiated at 8:00 a.m. At the 
threshold for patients with poorly con­ beginning of the study, blood glucose 
trolled insulin-dependcOl diabetes melli­ was clamped at 5.1 mM (92 mg/dl). 
tus (lDOM). decreased to 3.5 mM (63 mg/dl), and 

decreased again to 2.5 mM (45 mg/dl). A 
Subjects. Ten nondiabetic volunteer 

meal was consumed. and blood glucose 
subjects and 14 age-matched IDDM 

levels rose to baseline and then to post­patients with poor glycemic control 
meal levels. A control study with blood (HbA Ic 11.0 ;:!: 0.5% [upper limit of nor· 
glucose levels clamped at the basal level mal 6.5%]). 
was performed to control for practice 

Measurements. A stepped hypo­ effects and the effec(s of fatigue. 
glycemic clamp with a constant insulin The primary measurement was the 
infusion and a variable rate glucose infu- P300 event-related potential. a measure 

IN BRIEF 

·:';t~I',~H~~~'·"P'..'··i"'" -'. " 
i1 ~;1)iis;s.hldY~cl>ncltideci ;that patients 

., witK;poOrly;confrolled. IDDM and 
rriat~hed control;subjects have similar 

::C?$,~Eiye:im.p~~.IlI}.ent .atblood. glu­
'j cose~l'ey6Is~between.3:5·and 2.5 rru\1 I 
c·(~~i;~~:~4·~:·~:g/~t):· Cqgriitive dys- I 
.fun·ctlOnwas.:measured with P300 I 
event-related potential and reaction I 
ti rne:'!ijfesP9I1seto vi,sual·stimuli. I 

.Th~~~: lIl~asu~ements of neurogly- ! 
·~.<<ip.~nra;:ar.e.::,mor.e~se:nSitiYe than I 
-i:~api~§~hlj. ~!WRt9pi~~~oreS.and cog­
,~:nltlv~;fuI!ctibn~tests;;.Differences in I 

"sttiaY9~sign'n:i'i:iYexprain why this I 
study's results differ from those of r 
other reports. i 

of cognitive function and reaction time in 
response 10 visual stimuli. The P30{J 
latency reflects the senjory and cognilivt" 
processing time associated with decision 
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