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Hypoglycaemia unawareness in Type 1
diabetes and its management

H advvapio avoyvoglong emxreipevng vwoyilvropiog ivor
oL %o ahAd ouyvA U SLoyLYVOOXROUEVT] ETLITAOKY TOU LVOOUAL-
voBepamevouevov dwapritn. Moel vo #ataoteéyet ™y Twn Tmv
TOOYSVIWV, 0ONYDVTAS OUYVA O OVEQYID 1| OTTWAELL TG AOELAG
odnynong rat empBdrlovrag ueydlo Yuyohoyrd pdaon og 6An Ty
owoyEvela. Zg oty TV e1oynon Bo ovlntiom v cuyvotTo
oUTS TS EMITAORYS xa TV TaBoyEveld e, Oa meprypdpm v
€0€VVa TTOV QEIYVEL TG WTOQEL VAL VITOOTQOPEL 0TS TO OVVIQOUO
%ol Ba avapeefd oty mBbavémro ™S TESANYNS TS EAAEWYNG
OVOYVAOQLONG THG VITOYAUROLUIOC.

O Frier 6pwoe v aduvapio avayvooLlong g VTOYAUROLUIOS
oav «aduvapio. ouveldNTNS AvVIMYNGS 1j AvayvmELoNS TS EVOENS
g vroylvrauiog»!. ‘Opwe, wao amd Tig SuoroMeg omy cupug-
vioe Tov ogLopov eivar 1 EMAenn otabenc Twig oto enimedo g

The inability to recognise impending hypoglycaemia is a com-
mon but often under-recognised complication of insulin treated
diabetes. It can devastate the lives of those affected, often leading
to unemployment or the loss of a driving licence and imposing
huge strain on the whole family. In this talk I will discuss how com-
mon it is and its pathogenesis. I will describe the work demon-
strating how the syndrome can be reversed and speculate on the
possibility that hypoglycaemia unawareness might be preventable.

Frier has defined hypoglycaemia unawareness as the “ina-
bility to consciously perceive or discern the onset of hypoglycae-
mia” and classified it as either normal, partial or absent!. Howe-
ver, one of the difficulties in agreeing a definition is that the level
of awareness is not fixed. Different studies have reported
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oVTIMYMG. AQrETES UEAETES AVEPEQAY EVIVTMOLOKA
TAEAGUOLO. TOCOOTA EAMMELYMNS OVOLYVAHQLONG VTTOYAUROIL-
ulog wov rupaivovron el to 20-25%.

O modyovtog Tov VoxeLTaL TS TadoguoLlolo-
viag g EMEYNS AVAyVMOELONG TG VITOYAUROLUIOS El-
vou 1 petafoiny] €EAQTNON TOU eYREPUAKROU LOTOV
amd ™y yAvrotn. H duvordmro tov eyx€paiov vo
XONOLUOTOL|OEL ROl dALES TOUWITES VAES OIS TOL YOhOL-
AT ROL TIG RETOVES RATA THV OLAQKRELL TNG VITOYAV-
rnoupiag €xel deuyBel mewpapatind oALd notd v ddo-
AELOL TV RMVIROV ETELCOSIMV 1 CUYREVIQWON QUTWV
TOV VADV elvor ToM youn dote vo uoovv va dia-
0Q0UOTIOOVY ®ATOL0 oNUavTLKO Q6ho. Kabwg ueudve-
T M YAUrGDn og tuég wdtw twv 72mg/dl (4 mmol/l)
%o M eyre@olxty Aertovpyion apyiCer vo amelheita,
EVEQYOTOLEITAL WL QEOUN PUOLOAOYLRMWV CUVVTIXODV
UNYOVLOUGY PE OTOYO TNV ETLOTEOPY] TS YAURGING OTaL
QUOLOLOYLRA eTtimedal.

O\ puehéteg oe mepauaTotwo £delEav otL eyrepa-
Mni] TeQLoyy mov aviyvevel ta emimeda YAurAIng non
gvBvveTo yLoL TNV €VapEn TV PELOVMV QUOLOLOYLHAV
QITOVTHOEWY OTHV VITOYAUROLUio evtomiCeTan u€oa otov
vtoBdlano, ®oL 1 oot ev ouveyelo eveQyomolel To
QUTOVOUO VEVOLXO OVOTNUA RO EXADEL TLG AVTLOQUOUL-
OTWES (OVTAYOVIOTLRES TNG LVOOUALVNG) opudveg. Adu-
Voo OQUTAV TV VEURMVWV 1] VEVQMVIXMV 0dMV VO
OTAVTIHOOVV OTHV VTOYAUXROLUIOL UTTOQEL VO €XEL OOV
OUVETELO. ALTOTOOTY TMV OQUTOVOUMY OITAVTOEMV %O
TEG®ANON aduvauiag avoyvmdELONS TNE VITOYAUXALUIOGC.

H evepyomoinon touv avtdvouou vevprol cuoTy-
HOTOG TTOOXOAEL TV €xAvon Gyl uovo adevalivg ®o
vOQUOQEVAAIVNG 0TS TOV PAOLS TV ETLVEPOLIIMV CAAG
EVEQYOTIOLEL MO TTEQUPEQLRES (PUOLOAOYIHES OVTLOQAL-
OELG TTOV TTANQOQOQOUV Toug 0oBeVElS Yo TV ueiwon
™G YAURGLNG %o Tovg odnyolv o MyYn UETQWV TELY
ot ™V peliwon Tov emItEdoU oUVEIdNOY|g Tovg. AVTd TO!
CUUWTTTOUOTO TTOU OVOUALOVTOL oTOVOUa 1] OQEVEQYL-
%A meQAaufavouy TV e@idmOom, ToV TEOUO %ol TO -
oBnpo TOAUEY. AAAC CUITTOUOTO, OTTMS 1) OTTMAELD TG
HOVOTNTOC YLOL CUYREVTOWON ®OlL 1] BGAMOT TS QaoNg
elvan amotéheopa g eyrepolniic duolettovpyiog Ao-
YO TG VEVQOYAUXOTEVIOS GAMG UITOQOTY %ol autd Vo
TOELOOTOOOUV TOL ATOUOL YO TLS KOUNAES TLUES TNG
yAUrOInG. Aol T VEVQOYAUXOTEVIRG CUWTTHUOTOL
OVTLITQOCMWITEVOUV (oL OLAPOQETIRY TTOLHOPUCLOAOYLXY
draduaoto ovyva avayvmeitovial oav EexmoLoty oud-
oa oupuTtoudTmv and toug aobeveig. Ta emimeda yiv-
%GNG OTOL OO0 EUPOVICOVTOL OUTES OL ATTAVTOELS RO
ot OLdpOoQES OUAdES CUUTTMUATWY RO 1) OYEOT TOUS UE
oV 0VO0 ™G eYREQaMxrNg duoiertovgyiog elval xolot-
1O OTOLYE(O YO TNV ROTAVENON TS AVATTVENS TG adu-
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surprisingly similar numbers with hypoglycae-
mia unawareness of around 20 to 25%.

The factor underlying the pathophysio-
logy of hypoglycaemia unawareness is the me-
tabolic dependence of glucose to cerebral tiss-
ue. The potential of the brain to utilise other
fuels such as lactate and ketones during hypo-
glycaemia has been demonstrated experimen-
tally but during clinical episodes their concen-
tration is probably too low to play a significant
role. As blood glucose falls below 4mmol/l and
cerebral function is threatened, an array of
physiological defences is activated in an at-
tempt to return the glucose level to normal.

Animal studies suggest that glucose sen-
sing responsible for initiating the major phy-
siological response to hypoglycaemia is loca-
ted within the hypothalamus which then acti-
vates the autonomic nervous system and rele-
ase of counterregulatory hormones. A failure
of these neurones or pathways to respond to
hypoglycaemia might prevent autonomic res-
ponses and produce hypoglycaemia unawa-
reness.

Discharge of the autonomic nervous sy-
stem not only releases adrenomedullary adre-
naline and noradrenaline but also activates
peripheral physiological changes that alert pa-
tients to a falling glucose and drives them to
take action before cognitive ability is compro-
mised. These symptoms called autonomic or
adrenergic include sweating, tremor and pal-
pitations. Other symptoms, for example loss
of concentration and blurring of vision are the
result of cerebral dysfunction due to neurogly-
copenia but may also warn individuals that
their blood glucose is low. Since neuroglyco-
penic symptoms represent a different patho-
physiological process they are often recogni-
sed as separate group of symptoms by pati-
ents. The glucose concentrations at which the-
se responses and different symptom groups de-
velop and their relationship to the threshold for
cerebral dysfunction are crucial to under-
standing the development of hypoglycaemia
unawareness.

In normal subjects and diabetic patients
who recognise hypoglycaemia, release of adre-
naline (reflecting initial activation of the au-
tonomic nervous system) occurs at a glucose
of around 3.6 mmol/I>. If glucose is lowered
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VOUIOG 0VOrYyVAQOLONS TG VITOYAUROLUEOS.

e puolohoyrd dtoua xou og duafnuxroic aobe-
velg mov avTlhauPavovrol Ty voyAvxopio, n éxlvon
a00eVOMVNG (TTOU OVTOVOXAG TV CLOYIXT] EVEQYOTTOIN-
01 TOV CUTOVOUOU VEUQLXOU CUOTIUOTOC) TOQATNQE(-
Tou 08 TES YAurdng mepl ta 65mg/dl (3,6 mmol/1)%.
Edv n yhuoxoln pewwBel miéov tav 57,5 mg/dl (3,2
mmol/l), apy{Covv »au eupaviCovral TEQLPEQLRES OVTL-
0pdoelg 6mmg TEGUOE ®ow EQPIOQWON uakl ue evioyvon
Tov ovurttoudtov. To entmedo ouveidnong apyiCer na
neldvetan oe Tpég el ta 54 mg/dl (3 mmol/l) xouw emi-
devavetal (e TNV TeQAUTEQ® Uelmon g YAuratng. Av-
70 delyvelL GTL TOL ATOUOL, TTOU UITOQOVV VAL OVOLYVIQICOUV
TNV VITOYAUROLULC, TTOQOVOLALOUV ETOOHY EVEQYOTTOIM-
01 TOV QUTGVOUOU (IOTE VO TEOXANBOTY GUUTTTOUOTOL
LY OO TV EUPAVLON TNG EYREPAMAIS OVOAELTOVQ-
viag, TaQEYOVTAS TOUS £T0L TOV YQOVO YLoL TV Aym UE-
TOMV YLOL TV AUENOT TG YAURGING OTO OLiUoL TOUG.

AvtiBeta, oL 00Beveic pue aduvauio avayvaolong
™G voyAvxauiag eugpaviCovv dratapayy otov ovdo
EVARENGS TV AUTOVOUMY CUUTTTOUATWY T, 0ol oy (-
Covv og WxrEOTeQRES TES YAURSING, el Ta 45 mg/dl
(2,5 mmol/l). "Exoi, agov n eyrepolxy Aettovgyio
eMLOELVAOVETOL TTQOOJEVTIRA e TV UEIMON TG YAURO-
Tng »ow 10 emimedo oUVEIdNONG UELDVETOL, TV OTLYUT
7OV oL 0.oBeVElg aVOTTHOOOUV TO CUUTTWOUOTO ATTO TO
QUTGVOUO, €YOUV ONUOVTLXY] OLATaQOYY] TOU EMLITESOV
ouveldnong ywa va cvumepLpeefoty ratdAnial. “E-
VOGS TORAYOVTOS ®OLVOS 0€ GAOVS TOug AoBEVEIS e o-
duvapio. avayvmeLong TS VToYAUrRaLUiog VoL 1 HeL-
MUEVT OTTAVTION TOV CUTOVOUOU VEVQLXOU OUOTHUOTOG
oty vroyhvxroupic €ToL dote o yAuraurog ovdog ue-
TaromiCetan o€ younhotepa emimeda. Apov 1 eveQyo-
moinon tov awtévopov NZ givan ®eiowo otolyeio oty
QUOLOAOYLXY] AUUVOL ROTA TNG VITOYAUROLULOLS, OL UELM-
HEves amovtijoels ouvdgovton ne apufAuuéves (Wno-
TEQEC) AVENOELS TV AVTLOQOTLOTIXWDY OQUOVAIV, LOTInG
™g adpevahivig. Zto dropa ue aduvouic VdoyeL L-
oyvEY| ovoyétion uetagld g dudpxelag tov duafritn
%O TG AdUVOUIOS avaryvaQLONG TS VITOYAUROLUOGC.
Ou Pramming »ow ouv. avépepav emummolaoud g adv-
vauiog avayvaolong g vroyivrowuiog 40% oto 20
xoovia dudpretag drapntn oe ouddo ardumv pe Tomov
1 daprim*. Extdg amd myv didorela 0 GAAOg #ipLog
TOQAYOVTOS TOOXRANONG AOUVONIOG OVayVHQELONG VITO-
vhvroupiog elvar 0 avoTnEog YAvrouurog €Leyyog.
Thv dexnaetio Tov ’80, 11 Amiel €de1Ee dtL aoBeveig Tov
Beltimoay Tov YAuroumuxo Toug EAEYYO ®OTd TV dLdQ-
%ELOL EVTATIXOTTOMUEVNS Bepameioag eupdvicoy diata-
QO OTLS OVTLEQUOULOTIXES AL CUWTTOUATIXES OITOL-
vijoeig omv vioyAvrauuio®. H Swatapoyi gdvnxe va

further to 3.2 mmol/l, peripheral responses
such as tremor or sweating start to develop
together with an increase in symptoms. Co-
gnitive ability starts to deteriorate at around 3
mmol/l and worsens as blood glucose falls.
This suggests that individuals, who can
identify hypoglycaemia, develop sufficient au-
tonomic activation to generate symptoms be-
fore cognitive dysfunction supervenes giving
them time to take action to raise their blood
glucose.

In contrast, patients with unawareness
demonstrate a re-setting of the threshold for
the onset of autonomic symptoms which are
initiated at a lower glucose concentration, a-
round 2.5 mmol/l. Thus, since cerebral functi-
on worsens progressively as glucose falls and
cognitive ability deteriorates, by the time pa-
tients develop autonomic symptoms, they are
too cognitively impaired to behave appropri-
ately’. A factor common to all patients with
hypoglycaemia unawareness is a diminished
autonomic response to hypoglycaemia such
that the glycaemic threshold is shifted to a
lower concentration. Since autonomic activa-
tion is a crucial component of the physiologi-
cal defence to hypoglycaemia, reduced re-
sponses are linked to attenuated rises in coun-
terregulatory hormones particularly adrena-
line. Thus those with hypoglycaemia unawa-
reness generally demonstrate reduced adrena-
line responses during hypoglycaemia.

There is a strong association between dia-
betes duration and unawareness. Pramming et
al reported a prevalence of unawareness of
40% at 20 years duration in a group of people
with Type 1 diabetes*. Besides duration the
other main factor causing unawareness is tight
glycaemic control. In the 1980s, Amiel showed
that patients who improved glycaemic control
during intensive therapy developed impaired
counterregulatory and symptomatic responses
to hypoglycaemia’. The defect appeared to be
a resetting of thresholds of activation at a lo-
wer blood glucose and it now appears that this
was caused by antecedent hypoglycaemia. We
found that lowering glucose to around 3
mmol/l for 2 hours in normal subjects halved
the adrenaline response and reduced sym-
ptoms during a further hypoglycaemic episode
on the following day®. The same effect has
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opelhetal og emavoUBULoN TV oVdWV eveQyomoin-
oNg o€ YOUNAGTEQES TLUES YAVRGLNG OlUaTOS RO TDQO
7oL poiveTo otL ogeithovtav o€ ponynBeioa voyiv-
roupio. Borjrape 6t n pelwon g yAurding yoow oto
54 mg/dl (3 mmol/l) yia 2 t3eg g PUOLOAOYLRA dTOUOL
uelmwoe 0to MOV ™V artdvinon g adeevaiivng xo
UELMOE TOL CUUTTOUOTOL XOTA TNV dLdExEL0. GAAOV VTTO-
yAurouuxoU enelcodiov v emduevn nuépal. H dia
enidpoon moQatEYOnKe og dafNTind ATOUd OV KoL 1)
dudpreld g mopapével acapns. “Etolr emavaiapfa-
véueva emeloodLo UWITOEEL vaL TROoXaléoovy €va avlo
2UrAO LE TEO0deVTINY EEAOOEVN O TV CUTEVOUWY O-
UUVTLRADV UNYOVLOWMVY RO TEMXO OTTOTELECUAL THY 0LOV-
VOLULOL OVOLyVARLONG TNG VITOYAUROLULOLS.

To otoweio mov delyvouv St N yedvia VITOYAU-
®noupia ot Coa ®ow 0Tov dvOpmo owEdvouy TG00 TV
€XPOOOT TOV UETAPOQEMV YAUROTNS GO0 RO TV TTQO-
oMym YAUrOING amd Tov eyrEQPALo VITOdNADVOLY Eval
uBavS TaBoEUOLOAOYLHG PNYOVIoUS. ZVUQOVA e av-
™ TV VOO, EXEIVOL OL VEVQWVES TTOU gVBUVOVTOL
YLOoL TV EVOREN TNG OUTAVOUNS ATtdvVTONG avTldQOUY o€
moonynOeioa vroyhuraipion ue adEnom g ExpEaong
UETOPOQEMV YAURGLNG RO TG HUTTOQUXNG TEOCANYMS
yAuroing. “Etol enduevo emeloddo viroyAvrouiog dev
UoQel vo. TQOXAAETEL ETTOQATY) EVOOVEVQOVLXY| UTTOYAV-
AHOLULOL YLOL TV EVEQYOTO(NON ATAVTNONG UE OTTOTENE-
oua UeLwUEvn evepyomoinon tov autévouov NZ xon
aduvapio avoyvoeLong g vroyAvrowuias. ‘Oumg o
oo TS adUVaplES AT TS VITeBeong elval 1) ATOTU-
xlo texunolmong ueTafolav oToug YAUROLOUETOPOQE(S
UETA OIS VITOYAUROLUIO WXONG OLAQHELOLS: OTTOULTOUVTOL
meplodoL nuep®v M xou efdouddmv ot avtibeon pe tg
ONUOVTIXES PUOLOLOYLRES UETAPOLEC TTOU TEOXAAOU-
VTOL oTS VITOYAURALUIL ALYV Qadv.

Ou Davis xaw ovv. mootewvay €vay eVOAOXTIXG Un-
Xoviouo mov Pooitetar oe ®xMvirég peléteg oe un-dvo-
Pnund dropa. Zovropn €yyvon xoQuiolng (yio meo-
%®ANOT CUYRQIOWWMV OUYREVIQDOEWY L€ CUTES TTOV TT0L-
pateolvton og vroyAvroupion AGYym voouhivig) mo-
ROAED OLOTOQOYUEVES OVTLQQUOWOTIRES ®OL OLUTO-
ONTROASQEVEQYIHES ATAVTOELS O ETOUEVY] TEGHANOY
vroyhrawiog’. Enl mhéov, dev mapamionoay dorago-
XN OTLG UTOYAUROULMAES PUOLOLOYIXES QTOVTNOELS UETA
omd mponyndeioa vroyluroupio 0g droua pe vooo Tou
Addison mov dgv umogotv va owErjoouv v xurhogo-
povoa ®oTLOAN. H ®0oTlloAN UmoQel v #omooTeiheL
™V ovumodnTng vevpouetafipaon xou €Tl vo adoavo-
TOWOEL TNV 006 TG OV VEVONG TG VITOYAVROULUIOS Ol
tov mharytoxothaxd vrobdhopo (VMH) xaw g v ov-
veyela evepyomoinong Tov avtévouov. H axoprg ovu-

BoAn g avEnong g ®oETLdAng oty maboyEveon g

148

been demonstrated in diabetic subjects
although its duration remains unclear. Thus
repeated episodes may cause a vicious spiral
of progressively impaired autonomic defences
and eventual hypoglycaemia unawareness.

The evidence that chronic hypoglycaemia
in animals and man increases both the ex-
pression of glucose transporters and cerebral
glucose uptake suggests a possible pathophy-
siological mechanism. According to this hy-
pothesis, those neurones responsible for ini-
tiating the autonomic response respond to an-
tecedent hypoglycaemia by increasing glucose
transporter expression and cellular glucose
uptake. A subsequent episode of hypoglycae-
mia then fails to produce sufficient intraneu-
ronal glycopenia to trigger a response leading
to diminished autonomic activation and hypo-
glycaemia unawareness. However among the
weaknesses in this argument is the failure to
demonstrate changes in glucose transporters
following hypoglycaemia of short duration:
periods of days or weeks are required in con-
trast to the major physiological changes pro-
duced by hypoglycaemia of a few hours.

Davis et al have proposed an alternative
mechanism based on clinical studies in non-
diabetic subjects. A brief infusion of cortisol
(to produce comparable plasma concentrati-
ons to those observed during insulin-induced
hypoglycaemia) produces impaired counter-
regulatory and sympathoadrenal responses to
a subsequent hypoglycaemic challenge’. In ad-
dition, they observed no impairment of hypo-
glycaemic physiological responses following
antecedent hypoglycaemia in subjects with
Addison’s disease who cannot increase circu-
lating cortisol. Cortisol can suppress sympa-
thetic neurotransmission and so might dam-
pen the pathway of VMH sensing of hypogly-
caemia and subsequent autonomic activation.
The precise contribution of increases in cor-
tisol to the pathogenesis of hypoglycaemia un-
awareness still needs to be established but
could offer an opportunity for therapeutic in-
tervention.

The inability to recognise impending hy-
poglycaemia and its association with impaired
adrenomedullary responses causes a major
risk of severe hypoglycaemia in those affected
of between 3 and 6 times compared to those
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QdUVOUIOS OVOyVARLONG TG VItoYAvroupiag xoetdieTon
TEQUUTEQW TEXUNQIMWON OMA UTOQEL VOL TTQOOPEQEL ULOL
guraLpia yia Begoevtiny] ToEupoon.

H aviravomro avoyvolong emreiinevng vmo-
vAurouiog ®ow 1 ovoyEToY TS Ue ToBoAoYIRES Aol
VINOELS TOV PUELOU TV emVeEEQLOimV avEdveL Tov co-
Bood ®ivouvo PoQeLds VTOYAVRALUICS OTOVS TOOGPAN-
0€vteg natd 3-6 POEES GUYHELTIXA UE TO ATOUOL UE PU-
OLoAOYLRY] OVOLYVOIQLOM).

H axoifiig auwtia e aduvauiog avayvoolong mg
VIOYAURALUIOG TOQAUEVEL AyVmoTy. ‘Oumg, N ToQot-
onon 6t ovvropeg meEI0OOL VITOYAVRALUIOS UTOQOUV
V0L TQOROAEGOUV OLATOQAYES OTNV PUOLOAOY XY AUUVOL
o€ eMOUEVO. ETELOOALOL DEIYVEL OTL O UNYAVIOUSS Elvo
UAAAOV AELTOVQYWHAS TTOQA 0QYOVIXOGS, TOUAG)LOTOV
otV aEy1. AvTto €)EL oAV AOYIXY] OUVETELD TNV TOQU-
doy| OTL 1 ATOQUYY VITOYAUROLUIOS UTTOQEL VO OVOL-
OTEEYPEL OWTES TS OLaTOEOYES. AuTO €xel amodeLyBel
Toa o€ dLdpoQa ®EVTQO.

Ou Fanelli now ovv. vaéfolav oe modyQauuo. o-
TouyNg vroyAvrauuwy 8 aobeveic ue Tumov 1 dwa-
BTy ®xow aduvauio avoyvadeLong Twv vroyluraudve,
O\ aravtijoelg omv vroyluxaupuio extundnxay xotd
™mv €VOoQEN ™G TaparolovBnong, uetd 2 efdouddeg
%o petd 3 uijveg. O ovdol g yYAuroTng yuo v oiEn-
01 TV CUWTTOUATOV 0TTd TO AUTGVOUO oL THG OdQE-
voahivig uetoviiOnray amd 42 zow 51 mg/dl (2,3 xou
2,8 mmol/l) avtiotoya og 56 now 63 mg/dl (3,1 »ow 3,5
mmol/l) avtiotolyo pe ouaAoToinon UEQLRADV ATTAVTY -
oewv péoa ot 2 gfdouddes.

Metd and agyw oElohdynon, ov Cranston xow
OUV. EQAQUOCAY TTQOTEYYLOY CTOPUYNG TWV VITOYAUHOL-
wv og 12 aoBeveic pue aduvauio avoryvooLong, we oxi-
UOL TOMOTTADY EVEGEMV LVOOUAIVIG, OUYVI| TTOLQOXOAOU-
Onon Tov TV ™S YAUROTNS %ot ETap TwV aoBevav
ue v opudda TovhdyLotov wa good ™mv efdoudda’. Ou
OUYYQOUPELS OXOMATOUV TNV QVAYXY YLO. OUCLOOTIXY
ETOVERTAOEVON RO TO YEYOVOS GTL XoeLdotnray 3 wij-
VEC Y0 TNV ETUTEVEN TOV 0TSOV Twv 3 efdouddmv pe
TMion asrovoio voyluroawpiag. H emaveEéraon petd
oo Ty eAeiBepn vroyAvroupuy mepiodo dev €0elEe
uetafforr] tov emmédwv YAUrOTng oto omolo TaQoTH-
pouvtay gyxepoinr] duokertovpyia oto 51 mg/dl (2,8
mmol/l), Spwg ta enineda oto omoia oL aobeveis avii-
houfdavoviay To TEWMTA CUMWTTOUATO UETATOTIOONKE
oand 42 mg/dl og 61 mg/dl (2,3 mmol/l og 3,4 mmol/l).
IMopatienoav eniong AVENUEVES ATTOVTNOELS THE 0OQE-
VOAIVYG, VORASQEVOAIVNG %O TNG CUENTIXS OQUOVNG.

Avtég nau dhheg peléteg damiotmony vTooTEOWPY
™G aduvapiog avayvmeLong g VIToYAuxaLtuiog, Tov-
AaxLotov ev HEQEL, o€ 2-3 WVES, OXOUN ROl O ATOUO

with normal awareness.

The exact cause of hypoglycaemia una-
wareness remains unknown. However, the ob-
servation that brief periods of hypoglycaemia
can induce defects in physiological defences to
subsequent episodes indicates that the mecha-
nism is functional rather than structural, at
least early on. It then follows that avoidance
of hypoglycaemia might reverse these defects.
This has now been demonstrated in different
centres.

Fanelli et al undertook a programme of
hypoglycaemia avoidance in 8 patients with
Type 1 diabetes and unawareness.8 Responses
to hypoglycaemia were assessed at baseline, 2
weeks and 3 months later. Glucose thresholds
for increases in autonomic symptoms and a-
drenaline moved from 2.3 and 2.8 mmol/l re-
spectively to 3.1 and 3.5 mmol/l with some
responses recovering within 2 weeks.

After baseline evaluation, a hypoglycae-
mia avoidance approach was undertaken by
Cranston et al in 12 unaware patients, with
multiple injections, frequent glucose monito-
ring and at least weekly contact with staff®.
The authors comment that substantial re-edu-
cation was needed and that it generally took 3
months to achieve the goal of 3 weeks total
freedom from hypoglycaemia. When patients
were re-tested after the hypoglycaemia free
period, the glucose concentration at which co-
gnitive dysfunction became impaired was un-
changed at 2.8 mmol/l while the level at which
patients first noted symptoms had shifted
from 2.3 mmol/l to 3.4 mmol/l. They also no-
ted increased adrenaline, noradrenaline and
growth hormone responses.

These and other studies demonstrate re-
versibility of hypoglycaemia unawareness, at
least in part, over 2-3 months, even in those
with longstanding unawareness. What is not
reported is whether some patients were exclu-
ded due to a failure to prevent hypoglycaemia.
Informal discussion indicates that this occur-
red in at least two of the studies and one of the
centres which now offers a hypoglycaemia a-
voidance programme as a clinical service, re-
ports that up to 50% of those enrolled are un-
able to complete the course (personal com-
munication).

Nevertheless, the following components
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UE LorEOYEOVLIoL aduvouio. Avto mov dev avapEQonxe
Sumg elvon edv peowoil aobeveis amorhelobnray.
Avemionua paivetal 6t mpdyuatt ovveERn o dVo Tov-
AGxLotov amtd Tig UELETES na €Vl OTTO TA REVTQQ, TOU
TOEA TEOOPEQPEL TEOYQAUUATO ATOPUYTS VITOYAUXAL-
WAV 00V ®AVIXY| VITNEEDTX, avapEQEeL GTL £0G ROl TO
50% twv petexdvimv advvatel vo TEAEUDOEL TO TEO-
yoouuo (rpoowmxry emxowvavia). Ilapgdha taita, To
TOQARATO OTOLYE(D PaiveTal OTL Elval onuavixd: ov-
VN o (e Tov aoBevi), TOMOTAES HeTOoELS YAU-
2OING AUOTOS TEQUAMAUPOVOUEVIV HOLL VURTEQLYAV UE-
TONOEMV UE AVOTNEOUS OTGYOVS OTLS TLUES YAURGING.

H HbAlc avEndnre oe Sheg tig uehéteg mov meQL-
YOAYOLE TTOQOTAV®, AV RO ALOTUOVTO, ot GUMS TTLO
TEGoPATN UEMETY AVEPEQE VITOOTEOPT] TG aduvouiog
OVOLYVAOQLONS TNE VITOYAUROLUIOS UE ROOTOS ONUAVTLAY
avEnon e HbAlc. "Ouwg, »auio amd owtég dev avri-
TEOOMITEVE ONUAVTLNY EMLOEIVMOON TOU YAVROLUHOU
elEyyov. ZuvoypiCovtag, 1 aduvapio avayvooLong g
VTTOYAVROLUEOS UTTOQEL VO OLVOLOTQOUPEL, OXOUT ROl OTOL
droua ue poroyedvio duafntn. H mpoogyywon eivou 1
TOAU neydln gooviida alhd aol avogEQeTal HOvVo
ue Altyovg aoBeveic mbavov (omg eivar uéoa otg du-
VOTOTNTES TOV TEQLOOOTEQWV UOVAMV.

Mt evohhoxtiny TEOOEYyLon YLl TV omola V-
TAQYEL ETIONE TELQAUOTLRY VITOOTHOLEN elval 1 xONOL-
womoinon g exmaidevong yia mv advvauio ovoryve-
oLoNG ™E YAUrSIng ainatog [blood glucose awareness
training (BGAT)]. To mpdypauua mov fooiCetar ot
ovdmtugEn deElomjtwv mov mpwtoepdouooav o Cox
zaL ovv. dddonel otovg aobevels Tov TEOmO avayvd-
QLONG TS YAUXOTNES aluaTog TOVS 0 GAES TS TWES UE
™V Bondela TV cuuTTOUATWV, TOV ETLTEOOV ATGd0-
o1 Toug oL ™S Yuxrig tovg dudBeong. Avtol ot
€0eVVNTES TElevTaia dLomioTmoay TV dLaTijonon Twv
00QEVOMVIXAV aTAVTHOEWY Og UmOoyAuxauics Uetd
and eviamry woovhMvoBepameion o aoBeveic mov
vtofMBnrav oe avtv Ty exmaidevon. Opmg, 1 ex-
motdevon 0ev UTGEETE VO UELWOEL TAL VITOYAVRALUMHA
EMELOGOLO CUYXQLTLRG e TNV opdda EAEYYOV.

Enuovtikol elvol row dAAoL TaEdyovies. Apov 1
VurTEQWYY] VIoyAuroupia elvar ovyvi tote T dTopo
7OV VTOPAMMOVTOL O EVIATLXOTOLNUEVY LVOOUAMVODE-
pamela TEEMEL VA ®AVOUV TTEQLOOWMA VURTEQLVEG |LE-
tofoeg. Ou Bolli xau ovv. notédel&av v aitepn
empEEmela TV atopwy pe emineda HbAlc wxrpdtepa
oV 6% OV OVATTUEN OVETAQUMDV QUOLOAOYLRMV
QUUVTLRMY UNYOVIOUW®Y KATA TG VITOYAUXROLUIOG %o
advvapio avayvaoione e vroyhnawuiog!?. Tpdter-
vav Tuég otoyovs HbAlc peta&d 6-7%, mov ehayroto-
TTOLOUV TOV %{VOUVO QdUVAUIOLS OVOLYVAQLONS TNG VITO-
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appear important: frequent patient contact,
multiple blood glucose testing including mea-
surements at night and strict glucose targets.
HbAIlc rose in all the studies described above
albeit insignificantly although a more recent
study reported reversal of unawareness at the
expense of a significant increase in HbAlc.
However, none of these represented a major
deterioration in glycaemic control. In summa-
ry, hypoglycaemia unawareness appears to be
reversible, even in those with diabetes of long
duration. The approach is labour intensive but
since it would probably involve only a few pa-
tients could be within the scope of most units.

An alternative approach for which there
is also experimental support is the use of blo-
od glucose awareness training (BGAT). The
skills based programme pioneered by Cox and
colleagues teaches patients to identify their
blood glucose at all levels using symptoms,
performance cues and moods. They recently
demonstrated preserved adrenaline responses
to hypoglycaemia following intensive insulin
therapy in patients who underwent this trai-
ning. However, the training failed to reduce
hypoglycaemic episodes compared to con-
trols.

Other factors are important. Since no-
cturnal hypoglycaemia is common then those
undertaking intensive insulin therapy need to
make occasional measurements during the
night. Bolli and colleagues have pointed out
that those with a HbAlc level of below 6% are
particularly likely to develop impaired physio-
logical defences to hypoglycaemia and hypo-
glycaemia unawareness!’. They have propo-
sed an HbAlc target of between 6-7%, which
minimises the risk of hypoglycaemia unawa-
reness without increasing vulnerability to mi-
crovascular complications. The place of quick
acting insulin analogues in preventing or
reversing hypoglycaemia unawareness has yet
to be determined although there are theore-
tical reasons why they may be useful. When u-
sed as part of a basal bolus regimen, fast a-
cting analogues reduce episodes of hypoglyca-
emia, especially during the night in those with
tight glycaemic control'!. This did not preser-
ve endocrine or symptomatic responses to hy-
poglycaemia in one controlled trial. However,
the question of whether rapid acting analo-
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vAvrauiog xweig vo avEAvouY TNV ETLQEETELN OTLS L
RQOCYYELORES ETUTAOAREC.

H 6€om tov avdloywv tvoouhivyg tayeiog dpdong
oty TESAYN 1 VITOOTEOEPY] THE adUVaNiaS OVOrYVAQL-
ong ™ vroylvroupiog dev €xel dtacapnviodet eni Tov
TOQOVTOG AV %KoL VLAY OoVY BewEnTLrol AGyoL Tov vIo-
otneitouv ™V xenowdtntd Tovs. ‘Otay ¥oNoLUoToLov-
VTaL 0oV UEQOS OXHUOTOC BAOHNS HOL ROTC DOELS XO-
O YNONS WOoOUAIVIG, TO AvAAOYO TayElaS OQAONS UEL-
@OVOUV TOL EMELOOOLD VIToYAvrouuiog WOimg ®atd v
OLAQKELOL TNG VURTOS OTA ATOUC UE CUOTNEO YAVROLLUL-
#6 Eheyyo'l. Te wa eheyyduevn pehém Suwe dev ma-
oaTnENON®e SLOTHENON TWV EVOORQLVIXMV 1] CUUTTM-
UOTHAV AovTioemy oty voyAvroaiio. ‘Ouwg, o
EQMTNUO OXETLRA UE TNV dUVATSTNTA VTOOTQOPNS TS
AdUVAULOLS OVOLYVOQLONS UTTOYAUXALUIOS UE TNV YO1ioN
TV avdloywv tayeiog dpdong amarteitar vo eEgTa-
00l ueBodnd oe pehétes pe omotd oyedLAoUS.

Mo ToQopoLo. oTEATNYLXY Ue TV XoNon GAAng
TEOCEYYLONS TEQLAauPdveL Ty ouveyn vroddola €y-
Xvon woouvhivng [continuous subcutaneous insulin in-
fusion (CSII)] »atd v Odudorelo g virtag. Avtd
UELWOE TOL VITOYAURALUKRA ETELOOOLOL RO PEATIOOE TIG
OVTLOQOTLOTIXES KO OUUTTTMUOTIRES OITAVINOELS OTNV
vroyAvroupio og 14 aoBeveic pe Tomov 1 Swofrjm 2. H
VYA domdvn TOV avIAM®Y LYOOUAIVNG, €T TOV TaQO-
VTOG, EQLOQICEL TNV YEVIREVON TNS XONONG TOUS CAAG
aUTES WToEel vau elval yorolueg ota droua pe wWaite-
00 TEOPAUOTOL VURTEQLVAV VTTOYAVROULULOV RO odV-
VOLUEOLS OVOLYVAQLOT|S TOVG.

TuumeQdopata

H advvapio avoyvaoglong g vroylvrapiog Bo
TOQAUEIVEL €VOL UEYAAO EUTTOOLO OTNV CVTLUETOITLON
TOV LvoovMvoBepamevduevou drafijty yio 600 didotn-
0L TOL CUOTHIOTA TOQOYHS LVOOUAIVNS Ba elval atehn.
Ayvoouiue v oxopn mtaboyEveld Tg av xoL OyeTiCe-
TOL OOLPMG UE TV UEYAAT OLAQHELDL KOLL TNV VITOTQOTILA-
Covoa vmoyivrawio. O pecoxolthaxog vrobdiapog
dradoapatiCer mBavov raiglo QOAO OV YEVEDH TWV
CUWTTTOUATWY XOL 0TV EUPAvIon Tou ouvdpduov. H
XONoN €MV BEQUTEVTIHMV TAQAYOVTWV YLO TNV O
TOTEOTMY M VTOOTEOPY TG AOUVAUINS AVOYVMDQOLONG
NG VTTOYAVROLUEOLS TAQX TTAEOV EIVal EVAG QEAMOTINGS
HOXQOYOOVIOG 0TdY0S. ‘Opmg, €l Tou TOQOVTOS (Lt
XONOWUN TEOCEYYLON €lvaL 1 ELo0YmYT] EXTOdEVONG
7ov Pfaolleton OtV OVATTUEY HOVOTHTMV avayvVdQL-
ONg UE OTOY0VE YAUROTNE, Tov Ba amoteémovy Ty Bro-
KNULRA CUUTTTOUATIRT VITOYAURaLuia xou Bo duatnoouvv
v HbAlc pueta&o 6 xou 7%.

gues have additional benefits in reversing hy-
poglycaemia unawareness needs to be tested
in a formal study.

A similar strategy but using an alternative
approach involves continuous subcutaneous
insulin infusion (CSII) at night. This reduced
hypoglycaemic episodes and improved coun-
terregulatory and symptomatic responses to
hypoglycaemia in 14 patients with Type 1 dia-
betes!?. The current high cost of insulin
pumps has limited their general use but they
may be useful to those with particular pro-
blems of nocturnal hypoglycaemia and unawa-
reness.

Conclusions

Hypoglycaemia unawareness will remain a
major barrier to the management of insulin tre-
ated diabetes as long as insulin delivery systems
remain imperfect. We remain ignorant of the
exact pathogenesis although it is clearly asso-
ciated with long duration and recurrent hypo-
glycaemia. The ventromedial hypothalamus
probably plays a critical role in the generation
of symptoms and the development of the syn-
drome. The use of specific therapeutic agents
to prevent or reverse unawareness is now a rea-
listic long-term aim. However at present a use-
ful approach is to introduce skills based trai-
ning with glucose targets, which avoid bioche-
mical symptomatic hypoglycaemia and main-
tain HbAlc between 6 and 7%.
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