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CoCyaunCTblE 3ABONMEBAHWA TONOBHOIMO MO3TA.

B pamkax COBETCKO-(MHJIAHOCKOr0o [0rosBopa 0 COTPYAHUYECTBE
B 00/1aCTVN MEAMLIMHCKOIA HayKW, 340aBOOXPaHEHUS W COLMasibHOro
obecnevyeHnss [0roBop 0 COTPyAHUYecTBe B 06/1aCTU  HEBPOJSIOrUU
U HelApoxupyprum mexay TapTyCKMM roCyHUBEPCUTETOM U Xerb-
CUHKCKUM YHWBEPCUTETOM nognucaH B HosA6pe 1973 roga B . Tan-
JHe. T1o 3TOMy [0roBopy B COBMECTHbIX Hay4YHbIX WCC/1eA0BaHUNAX
CTa/IM MPUHMMATb Yy4yacTue K/IMHMKA HEBPOJIOrMA N HEAPOXMpYprm
TapTyckoro rocyHuBepcuteTa (3aB. npod. 3. Paypgam), KAMHMKA
HeBposlorn  (3aB. Mpodh. 3. KuBasio) M KIMHUKA HEpOXMpyprnmv
(3aB. npodgp. X. Tpoynn) XesibCMHKCKOro yHmBepcmTeTa. CorsacHo
rnoAnvcaHHOMY [0roBopy 3arnslaHMpoBaHbl COBMECTHble WUcC/lea0Ba-
HVS MO COr/1acOBaHHOM MporpaMMe Mo M3YYEeHWH0 pacrpocTpaHeHUs
M (aKTOpoB PpUCKA OCTPbIX COCYAUCTbIX 3abosieBaHWMIA  FOSI0BHOIO
Mo3ra B 3CTOHCKOMA CCP U1 B duUHNSHANKW, a TakKxke ucciegoBaHus
psga BOMPOCOB MNaToreHesa, MNporHo3a W Jie4eHWs, B TOM 4ucrie U
XUPYPrnyeckoro siedeHnss aTux 3aboneeBaHmii. C 1973 no 1980 rop,
npoBeseHoO BCero 5 COBMECTHbIX CUMMO3NYMOB B TaslinHe,
TapTy 1 XenbCUHKW, rae 06CYXAa/UCb pe3ysibTaTbl MPoBeAEHHbIX
vccnenoBaHNIA, CorslacoBbiBa/iINCb MNporpamMmbl  Aa/ibHelAWMX paboT.

Ha Ill 3acegaHumM CMeELLaHHOA COBETCKO-(hMH/ISAHACKOIA KOMMUC-
CUN M0 COTPYAHNYECTBY B 06/1aCTV 34paBOOXpPaHEHUs, MeAULIMHCKOLA
HayKn W counasibHoro obecrieyeHusi, MNpoxoauiBLLUEM B CEHTAGpe
1978 r. B XeNbCUHKM Mo, COBMECTHbIM MpeacefaTesibCTBOM 3aMecTu-
Tena MwuHucTpa 3gpaBooxpaHeHums CCCP E. . HoBukoBoA 1
MOCTOSAHHOIO 3aMecTuTesNiIl MUHMUCTpa CcouMasibHOro obecrneyveHns u
3apaBooxpaHeHna ouHnsHoum Ko Typo, ¢ oTyeTaMu 0 NpoBefeH-
HbIX COBMECTHbIX Hay4YHbIX WCC/1eA0BaHUAX M0 HEBPOSIOTUM N HELApO-
Xvpypruy BbicTtynanu npod. 3. Paygam (3CCP), mpod. X. Tpoynn
(PvHnaHana) mn npogp. O. BanbTumo (PuHNaHAuA). Komuccus
pewumna, 4To COTPYLAHMYECTBO MO HEBPOSIOrMN U HEAPOXUPYPrnm
Mexay TapTyCKUM FOCYHUBEPCUTETOM U XeSIbCUMHKCKUM YHUBEPCU-
TEeTOM MPOBOAUTCA YCMEWHO U MJ1040TBOPHO, MOSTlyYeHO MHOF0 HOo-
BOA MH(OPMaLLMK, TMOSIE3HOIA A/18 pasBUTUA TeopUM U MNPaKTUKK
MeaumHbl Kak B CCCP, Tak v B ®duHNaHOuW. Pe3ynbTaTrbl COB-
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MECTHbIX WCC/IEA0BaHUIA B 00eMx CTpaHax ony6sinkoBaHbl B 6osiee
yeM 20 cTaTbsX B MECTHbIX W MEXAYHapOAHbIX >XXYypHasnax.

HacToAwmiA COBMECTHBIA COOPHUK codepXUT 19 craTeid, B KOTO-
pbIX paccMaTpmBaloTcA MNpobsieMbl  3AMUOEMUOSIONAN, MaToreHesa,
MPorHo3a W XMpYpruyeckoro JslieyeHUs OCTPbIX COCYAUCTbIX 3abosie-
BaHUIA OJIOBHOFO MO3ra.

JInyHble KOHTaKTbl CreunasincToB 06enx CTpaH, O03HaKOMJIeHUEe
C K/MHWYECKOIA W HayYHO-UCC/e0BaTe IbCKOA paboToA  /levebHbIX
yypexxaeHnia  3CToHCKOMA CCP 1 ®PUHAAHAMW  CNOoCcOBCTBYOT  JyY-
weMy B3aUMMOMOHUMAaHWIO, pPasBUTUIO HOBbIX Hay4HbIX WOEA U
YIIydLIEeHUIO  fle4ebHO-MPonUIaKTUYECKOA paboTbl B 06enx cTpa-
Hax. MwuHuUcTepcTBo 3ApaBooxpaHeHns CCCP ©n  MuHUCTeEpCTBO
COLUMasIbHOro 06ecreyeHns ©n 34paBoOXpaHEeHUns PUHNAHOUN  BCA-
YeCKN NoAAepKMBa/IN COTPYAHUYECTBO B 06/1aCTU  HEBposiorMn 1
HelApoxvpyprun. OT MMEHU CAeuUasIMCTOB ISCTOHCKOMA CCP n ®unH-
NAHOUW, MPUHUMAKLWMX y4yacTue B COTPYAHWYECTBe, Mnepefard  Mmc-
KPEHHIOI  6narogapHocTb  MuHUCTPY  3apaBooxpaHeHusa CCCP
B. T1. leTpoBckomy, 3amecTuTes/ o MMHUCTpa 34paBoOXpaHeHus
CCCP E. WN. HoBukoBoiA, pekTopy TapTyCcKOro rocyHmBepcuTeTa
A. A. Koony, MocTofAsHHOMY 3amecTuTesito MuMHUCTpPa CoLMa/ibHOro
obecrieyeHnss U 34paBooxpaHeHMs PuHNsHaMM K- Typo. Ocobo
Xo4eTcsas OTMETUTL 3acnyru [eHepasibHOro AupeKTopa HauVoH&as 1b-
HOro JdenapTtamMeHTa 34paBooxpaHeHWs ®UHNAHAUM  npodeccopa
3. KuBasio, KOTOpbIA ABAS/ACA WHALMATOPOM W aKTUBHbBIM  WCMIOSI-
HUTESIEM NporpaMmMbl Hallero coTpyaHWYecTBa.

CoTpyAHUYECTBO CreunasincToB TapTyCcKOro rocyHmsepcuteTa u
XenbCMHKCKOr0 YHMBepcuTeTa B 06/1aCTU  HEBPOSIOFUW W HELAPo-
XVpYprun npoao/bkKMTCs M B nocnegyowye rofbl B 061acTu cocy-
[VCTOA NaTosSIorMM rosI0BHOI0 MO3ra.

Mpoteccop, OOKTOP Med, Hayk,
3aBeaytolLMIA Kadeapoia HeBpo-
Jiorvv N HelApoXmpyprum

TapTyckoro rocyHmsepcuTeTa
3. Paypawm.



In the framework of the Soviet-Finnish agreement about coo-
peration in the field of medical science, public health and social
maintenance, the agreement about cooperation in the area of neu-
rology and neurosurgery between Tartu State University and
Helsinki University was signed in Tallinn in November 1973.
According to this agreement the Neurological and Neurosurgical
Clinic of Tartu State University (Chief of the Clinic Prof. E. Rau-
dam), the Neurological Clinic (Chief of the Clinic Prof. E. Kivalo)
and the Neurosurgical Clinic (Chief of the Clinic Prof. H. Troupp)
of Helsinki University started to participate in joint scientific in-
vestigations. In accordance with the agreement concluded and on
the basis of an agreed programme, joint investigations were
planned in the field of the distribution and the risk factors of
acute vascular diseases of the brain in the Estonian SSR and in
Finland as well as investigations concerning a number of prob-
lems of the pathogenesis, prognosis and treatment (including sur-
gical treatment) of these diseases. In the period of 1974 to 1980
five joint symposia were held in Tallinn, Tartu and Helsinki,
where the results of the conducted investigations were discussed
and programmes of further studies were agreed upon.

At the third session of the mixed Soviet-Finnish comission on
cooperation in the area of public health, medical science and
social maintenance in Helsinki in September 1978 conducted
under the joint chairmanship of the Deputy Minister of Public
Health of the U.S.S.R, E. I. Novikova and the Permanent Deputy
Minister of Social Care and Public Health of Finland
K. Puro. Prof. E. Raudam (Estonian SSR), Prof. H. Troupp (Fin-
land) and Prof. O. Valtimo (Finland) delivered reports on the
joint scientific investigations carried out in the field of neuro-
logy and neurosurgery. The Commission decided that cooperation
in the area of neurology and neurosurgery between Tartu State
University and Helsinki University was being conducted with
success and good results and that much fresh information had
been obtained for the development of medical theory and practice
both in the U.S.S.R. and in Finland. The results of joint investi-
gations in both countries had been published in more than
twenty papers of local and international journals.



The present joint collection contains nineteen reports dealing
with the problems of epidemiology, pathogenesis, prognosis and
surgical treatment of acute vascular diseases of the brain.

Personal contacts of the specialists of both the countries,
acquaintance with the clinical and research work of the medical
institutions of the Estonian SSR and Finland have contributed
to a better understanding, to the development of new ideas and
to the improvement of medical and prophylactic work in both the
countries. The Ministry of Public Health of the U.S.S.R. and the
Ministry of Social Care and Public Health of Finland
have in every way supported the cooperation in the field of neu-
rology and neurosurgery. On behalf of the specialists of the
Estonian SSR and Finland, who have participated in this coope-
ration, | convey sincere gratitude to the Minister of Public Health
of the U.S.S.R. B. P. Petrovsky, the Deputy Minister of Public
Health of the U.S.S.R. E. I. Novikova, the Permanent Deputy
Minister of Social Care and Public Health of Finland K. Puro,
the Rector of Tartu State University A. J. Koop. In particular |
would like to mention the merits of the General Director of the
National Department of Public Health of Finland Prof. E. Kivalo,
who was the initiator and active performer of the programme of
our cooperation.

Professor, M.D. Chief of the
Chair of Neurology and Neuro-
surgery of Tartu State Uni-
versity
E. Raudam



INCIDENCE OF STROKE IN THE ESPOO-KAUNIAINEN
AREA, FINLAND, AND IN TARTU, ESTONIA, SOVIET UNION

K. Aho, R. Zupping, R. Fogelholm, E. Raudam, M. Roose

University of Helsinki, Tartu State University

Cerebrovascular diseases (CVD) belong to the most common
diseases in the developed countries. At present every eight Euro-
pean who dies has CVD as the principal cause of death (WHO,
1974). Data on the incidence of strokes, however, are scanty. In
different studies the incidence varies between 90 and 260 per
100,000 annually, the average value being near 200 (Aho, 1975).
Included in these figures are also those patients who already had
had a stroke earlier and had a new attack of stroke during the study
period. Comparison of the results of different studies is often
hampered by the lack of age adjustment, and even if this has
been performed, the standard population varies in different stu-
dies. In many studies the concept of stroke has also been defi-
ciently defined.

In the present study we compared the incidence of stroke,
defined by the same criterions, in the Espoo-Kauniainen area,
Finland, and in the city of Tartu, Estonia, by using the population
of Finland in the 1970 census as the standard population. Our aim
was to clarify the starting-point in developing co-operation
between the neurologic departments of Helsinki and Tartu uni-
versities in the research field of cerebrovascular diseases.

Material and methods

The diagnosis numbers 430—436 of the International Classifi-
cation of Diseases were included in stroke exept number 435 —
transient ischaemic attacks. In this way were included subarach-
noid haemorrhage, intracerebral haemorrhage, embolic and throm-
botic brain infarctions and acute non-specified cerebrovascular
diseases. As a criterion for distinguishing transient ischaemic
attacks from brain infarctions was the duration of symptoms and
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signs: if these lasted less than 24 hours, the disease was regarded
as a transient ischaemic attack; if they lasted longer, it meant a
brain infarction. The type diagnosis of stroke was determined in
both study areas by a neurologist who utilized the results of all
examinations of the patients. In the Espoo-Kauniainen area the
study was performed prospectively by the register method of the
World Health Organization (WHO, 1971). All the persons in the
study population who fell ill with a stroke during the years 1972
and 1973 were tried to be ascertained as completely as possible.
The health care personnel of the study area was informed of the
study and they were asked to enter in the register all cases, also
those who were solely under treatment at home. The main stress,
however, laid on an active search for cases: during the whole
study period the hospitals of the study area were regularly visited
and cases were asked for. The death certificates were checked
every two weeks during the study period and one year after it.
Registered were also those patients who already earlier had had a
stroke and had a new one in the study period. In the present
material, however, only those cases were included whose first
stroke occurred in the study period. In counting the incidence
figures the mean of the population in 1972 and in 1973 was used.
The mean population was 113,100 persons. The method and
results have been described in detail earlier (Aho, 1975).

In Tartu the study was performed retrospectively by surveying
the files of the Outpatient Department and the Departments of
Neurology and Neurosurgery of the Tartu Clinical Hospital from
the years 1970 to 1973. Included were only those patients whose
first stroke occurred in the study period. The Outpatient Depart-
ment also supplied data on cases seen by doctors at home visits.
The death certificates of the population under study were also
surveyed. In counting the incidence figures the population of

Table 1

Age and sex distribution of the study papulations in per cent

Espoo-Kauniainen Tartu
Age group
(years)
Males Females Males Females

— 19 35 32 32 25
20—29 21 21 19 17
30—39 17 16 16 14
40— 49 13 12 13 14
50— 59 7 9 9 10
60— 69 5 7 7 10
70—79 2 3 3 7
80- 0.3 0.7 1 3
Total 100 100 100 100



Tartu on 1 January 1970 was used, when it constituted 90,459
persons. Also the results earlier published on Tartu (Zupping
and Roose, 1976), were taken into consideration. The distribution
of age and sex of the populations are presented in Table 1

The population of Espoo-Kauniainen, especially the female
population, is clearly younger than that of Tartu.

The direct method was used in age adjustment (Armitage,
1971). The standard population was the population of Finland in
the 1970 census (males+females combined).

Results

In the Espoo-Kauniainen population 286 persons had a stroke
during the two-year study period. Of them, 244 had not had a
stroke earlier and they were accepted in the present study. In
Tartu 667 persons had their first stroke during the study period

Table 2
Age and sex distribution of the cases
Espoo-Kau niainen Tartu
Age group
(Years)
Males Females Total Males Females Total
20—29 5 2 7 2 2 4
30— 39 2 9 ik 6 1 7
40— 49 13 13 26 21 10 31
50— 59 23 17 40 27 26 53
60— 69 43 27 70 62 73 135
70— 79 21 40 61 70 ' 170 240
80- n 18 29 46 151 197
Total 118 126 244 234 433 667
Table 3

The distribution of the different types of stroke in per cent

Espoo-Kau-

Diagnosis niainen Tartu

(N=244) (N-667)

Subaraehnoid haemorrhage 17 6.5
Intracerebral haemorrhage 17 135
Brain infarction 61 80
Acute, nonspecified stroke 5 _
Total 100 100



of four years. The age- and sex-distributions of the materials are
given in Table 2 and the diagnostic distributions in Table 3.

Two-thirds (66%) of the patients in Tartu while only one third
(37%) of the patients in Espoo-Kauniainen were 70 years or
older, that reflects the difference in the age structure of the
two study populations (Table 1).

338 (51%) of the patients in Tartu and 95 (39%) of those
in Espoo-Kauniainen died during the first three months after
the onset of the stroke. Figure 1 depicts the age-depended inci-
dence of stroke in males and in females in the populations stu-
died. Table 4 presents the total incidences of males and of fema-
les in the study populations as age-adjusted.

Table 4

Total incidence of the first attack of stroke per 100,000 annually in the study
populations; the population of Finland in the 1970 census as the standard for
age adjustment (males + females)

Espoo-Kauniainen Tartu
Not age- . Not age- .
adjusted Age-adjusted adjusted Age-adjusted
R incidence R incidence
incidence incidence
Males 108 202 145 190
Females 107 147 216 139
Total 108 169 185 157
Discussion

The age-adjusted total incidence, 169 in the Espoo-Kauniainen
area and 157 in Tartu, was in both populations of the same mag-
nitude as most earlier studies. It was especially close to the inci-
dence in Rochester in 1955 to 1969, which was 164 per 100,000
annually (Matsumoto et al., 1973). Only the first attack of stroke
was included in that study. In both populations the incidence of
males was higher than that of females in most age-groups
(Figure 1). Also the age-adjusted total incidence was clearly
higher in males (Table 4). The same trend of sex difference has
been evident also in the death statistics (WHO 1974) aswell as in
many other incidence studies although its significance has been
belittled (Kurtzke, 1969). The sex difference, however, is minimal
compared, for example, with that in the coronary heart disease,
where the high incidence of males especially in the young age-
groups is a characteristic feature.

The prospective study in Finland and a retrospective one in
Estonia gave nearly identical results. The small existing diffe-
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Figure 1 Age- and sex-dependent incidence of stroke in Tartu
and Espoo-Kauniainen

rences may be explained even by methodological differences; it is
more difficult to find very mild cases by the retrospective than
by the prospective method.

Especially in the older age-groups the incidence seems to be
of the same magnitude in both the study populations. In females
under 50 years of age the incidence was higher in the Espoo-
Kauniainen that in the Tartu population. This probably depends
on the exceptionally high incidence of subarachnoid haemorr-
hage in Finland, which is also confirmed by the fact that 17%
of the total material in Finland and only 6,5% in Estonia had
subarachnoid haemorrhage. In earlier studies the incidence of
subarachnoid haemorrhage has been 16.8 in Finland and 8.2 per
100,000 annually in Estonia (Pakarinen 1967, Raudam and
Tomberg, personal communication 1974). Figure 1 also shows that
50- to 70-year old Finnish males have a little higher incidence
than the Estonian males of the same age-groups.
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The higher fatality rate during three months after onset of .the
disease in Estonian patients depends on the higher mean age of
the patients since high age raises the fatality rate of stroke
(Marquardsen, 1969). Despite small differences, we can conclude
that the total incidence of stroke on both banks of the Gulf of
Finland is very similar in magnitude. We stress, however, that
differences in the study methods may have exercized an influence
on the results.
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3ABONIEBAEMOCTb WMHCY/NIbTOM B 3CMNOO
N KAYHUAWHEHE (®VMHANAHAUNSA) U B TOPOAE TAPTY
3CTOHCKOW ccCP

K. Axo, P. UynnuHr, 3. Paygam, M. Poo3e, P. ®oresnxonbm.

Pe3tome

3a60n1eBaeMoCTb MHCY/IbTOM OblUla yCTaHOB/IeHa MPOCNEKTUBHO
B ®duHNsHoMm B ropogax 3dcnoo m KayHumaiiHeH B 1972- 1973 ro-
Obl WU peTpocnekKTUBHO B ropoge TapTy 3cToHckoiA CCP B Teue-
HVe 4-x net (1970— 1973 rr.) B wuccregoBaHve BKIKOYaIN JLLb
rnepBuYHoe 3abosieBaHNE WHCY/1IbTOM.

3a ykasaHHble nepuogbl B 3cnoo u KayHuabiHeHe 3a6onenu
MHCcynbToM 244, a B r. TapTy 667 »utenein. CTaHgapTu3oBaHHas
3a60/1€BaEMOCTb UHCY/IbTOM B 3cnoo UM KayHumaiiHeHe 6buia 202
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cny4vas Ha 100000 HaceneHus O MY>XYUH v 147/100000 Ana KeH-
WWH, a B I. TapTy, Co0TBETCTBEHHO 190/100000 cpean MY>XUMH
n 139/100000 cpegn >XEHLWMH. 3TU AaHHble XOpPOLWO COOTBETCTBYHOT
JaHHbIM, MOSIYYEHHbIM B APYIMX aHasloruyHbIX wuccnegosaHusax. Mo
CpaBHEHUIO € OCTOHCKOMA CCP HEeCKOs/IbKO MMOBbIWEHHAs 4acToTa
MHCy/bTa B 3cnoo u KayHuabiHeHe MOXeT ObMMb CBfi3aHa C MeTo-
ONYECKVMU  pa3HULAaMKN, BJISAIOWLMMU  Ha WHTeprnpeTaumio pesysib-
TaToB.

YacToTa pas/iMyHbIX (OPM WHCY/IbTa OKasasiaCb OTHOCUTESIbHO
CXOOHOIA B [BYX uccneAyembix CTpaHax, 3a WCK/YeHvem 3abone-
BaeMoCTU CcybGapaxHongasibHbIM KpoBomsnusaHmem (CAK)- [Mocneg-
Hee Habnwganocb ModTM B 3 pasa dawe B DPUHASHOMKN, YeM B
3cToHCKOA CCP. B03MOXHO, 4TO TaKas Bblcokasa 4actoTa CAK
cpegn (UHHOB 4YacTUYHO CBfi3aHa C 60os1ee  MOJSIOAOMA CTPYKTYpoii
HaceneHns nccneaoBaHHbIX PailAoHOB PUHASHAMN.

JleTanbHOCTb 3a TPM MecAua Mnocne Hayana 3abosieBaHUs 6blia
HECKONbKO 6osiee Bbicokasd B I TapTy (51%), yem B 3crnoo u
KayHvaiHeHe (39%), oudeBMOHO 3Ta pasHULA 00bAcHAeTcs 6oree
BbICOKMM CpeAHUM BO3pacToM 060/1bHbIX WHCY/IbTOM B 3CTOHCKOMA
CCP.
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CEREBROVASCULAR DISEASE IN TARTU, ESTONIA, USSR,
1970 THROUGH 1973; FREQUENCY, PROGNOSIS AND
POPULATION SELECTIVITY

M. Roose, R. Zupping

Tartu State University

In the last two decades cardiovascular diseases have been
the subject of great common and scientific interest. The published
reports and international epidemiologic studies have mainly dealt
with the coronary heart disease. After the coronary heart disease
and cancer, vascular diseases of the brain are now the third
leading cause of death in most developed countries, account for
a major amount of disability. Rehabilitation and treating of a
stroke once it has occurred are obviously less rewarding than
attempts at prevention. Differences in cerebrovascular epidemio-
logy among various countries may suggest the existence of power-
ful environmental influences and can be used to formulate etio-
logical hypotheses.

Epidemiologic data on cerebrovascular diseases (CVD) are
far from complete. Until 1965 knowledge of the epidemiology of
CVD was based mostly on retrospective studies, mortality data,
autopsy or other often inadequate or nonrepresentative statistics.
Only during the last decade have prospective population studies
of the morbidity of CVD been performedl 2 Population surveys
provide the best available information on the incidence and rela-
tive frequency of the major types of CVD.

Some evidence suggests wide geographic variations in the
incidence and mortality from CVD. The rates of death from
stroke show wide variations between different countries and also
within countries. Among countries Japan has a rate considerably
higher, and Mexico considerably lower than the United States;
Canada and Ireland have rates that are about the same as those
in the white population of the US2-4 In the US death from CVD
is most common in the south central and south Atlantic states and
least common in the south-western and the Rocky Mountain
states3-4 5. It has been shown that the higher mortality from CVD
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reported in the south-eastern states is due chiefly to a greater
frequency of cerebral hemorrhage and hypertension 6. A study of
hospitalized stroke patients revealed that the incidence of stroke
is higher in the high stroke death rate areas in the US 7.

Autopsy studies have also revealed geographic variations
in the frequency of cerebral atherosclerosis. The highest
frequency of cerebral atherosclerosis is found in the Japanese and
Finnish populations and lowest in the Polish population; the
Norwegian, Greek, Italian and Minnesota populations, show fre-
quencies between these extremes 89 The highest average involve-
ment of the cerebral vessels is also found in the Finnish popu-
lation 9

So far, there have been only a few community-based studies
on the incidence of CVD and the results of these do not show
remarkable differences between different geographic
areas 10 n>12>13

This study was undertaken to establish the incidence and mor-
tality for various types of stroke in the population of Tartu,
USSR. The Tartu Outpatient Clinic and the Neurological and
Neurosurgical Departments of the Tartu Clinical Hospital pro-
vide essentially all of the neurological care for persons living
in Tartu. Therefore, identification is assured of practically all
Tartu residents in whom a serious illness has been diagnosed.
This includes diagnoses made in the hospital, at the time of an
outpatient clinic visit or a house call, or at autopsy for all medi-
cal care units in Tartu.

Methods

All medical records for the population of Tartu, which were
kept at the Tartu Outpatient Clinic and Neurological and Neuro-
surgical Departments of the Tartu Clinical Hospital, were
reviewed for the period 1970 to 1973, and those with a diagnosis
of brain infarction, transient ischemic attacks (TIAs), cerebral
hemorrhage or subarachnoid hemorrhage (SAH) were identified.
Almost all patients were seen by a neurologist during the first
day after the onset. The medical records were examined in depth
to identify the presence of other significant diseases and the
length of survival.

Patients who were residents of Tartu and who had an onset
of their first stroke in the study period were included in the
determination of incidence. Only the first stroke was considered
when determining incidence. For mortality studies, patients were
included who had a stroke and died during the stated years.
Death certificates were reviewed to find any cases of stroke
diagnosed for the first time at autopsy.
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The diagnosis of the type of cerebrovascular disease was based
on the information available in the clinical or autopsy records.
Cerebral infarction was diagnosed in cases with a rapid onset of
focal neurological deficit persisting for more than 24 hours and
with a clear cerebrospinal fluid or without signs of meningeal
irritation. No effort was made to distinguish between cerebral
thrombosis and embolus.

TIA was diagnosed if there was a history of focal neurological
dysfunction lasting for 24 hours or less. Attacks solely of aphasia,
monoparesis, hemiparesis, hemihypesthesia and/or monocular
visual loss were considered to be carotid attacks. Vertebrobasilar
attacks were defined as consisting of two or more of the following
symptoms: diplopia, dysphagia, dysarthria, vertigo, numbness of
the face, and motor and sensory alterations in one or more limbs.

The diagnosis of a cerebral hemorrhage was based on some or
all of the following symptoms: localizing neurological signs, dis-
turbance of consciousness, meningeal irritation, bloody spinal
fluid, and autopsy confirmation. SAH was distinguished from an
intracerebral hemorrhage by the lack of localizing neurological
signs or by autopsy.

For convenience, cerebral infarction, cerebral hemorrhage and
SAH collectively will be referred to as cases of stroke. TIAs will
be analyzed separately.

The data on the sex and age distribution of the population of
Tartu were obtained from the census data on January 1, 1970.
The total population in Tartu at the same time was 90,459.

Results

A total of 786 cases were included in the study; without the
cases of TIA the number was 667. Forty per cent of the patients
were hospitalized in the Neurological or Neurosurgical Depart-
ments. Cerebral infarction from all causes accounted for 80% of
all cases of stroke, intracerebral hemorrhage accounted for 13.5%
of the cases and SAH accounted for 6.5%.

Incidence

Table 1 shows the number and incidence rates for stroke
according to age and sex for the population of Tartu.

The incidence rates for stroke were higher for men than for
women in each age group over the age of 30. At the same time
the rate was increasing significantly in each older age group.
The rate of persons was 184/100,000 population per year.

The number of cases and average annual incidence rates for
cerebral infarction are shown in Table 2
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Table 1

Number of Ca”es and Average Annual Incidence of Stroke per 100,000
Population, Tartu, 1970— 1973 *

Men Women Total
Age group
(year)
No. Rate No. Rate No. Rate

20—29 2 6 2 6 4 12

30— 39 6 22 1 3 7 13

40— 49 21 97 10 35 31 62

50— 59 27 197 26 131 53 158

60— 69 62 579 73 372 135 445

70— 79 70 1,520 170 1,268 240 1,329

80— 89 40 3,020 136 2,760 176 2,839

90— 99 6 6.250 15 3,440 21 3,950
Total 234 223 433 165 667 184

Rates are based on the population on 1 January 1970.

Table 2

Number of Cases and Average Annual Incidence Rates for Cerebral Infarction
per 100,000 Population, Tar.tu, 1970— 1973*

Men Women Total
Age group
(years)
No. Rate No. Rate No. Rate

20—29 1 3 1 3 2 3
30— 39 3 1 1 3 4 7
40—49 1 51 4 14 .15 31
50— 59 20 146 13 63 33 98
60— 69 47 440 53 270 100 324
70— 79 62 1,349 145 1,077 207 1,149
80— 89 31 2,345 120 2,600 151 2,435
90—99 6 6,250 14 3,210 20 3,760

Total 181 176 351 134 532 147

* Rates are based on the population on 1 January 1970.

The overall incidence rate for cerebral infarction was
147/100,000 population. It increased with age up to the oldest
age group and was higher for men than for women.

Table 3 shows the number of cases and average annual
incidence rates for cerebral hemorrhage and SAH.

The overall incidence rate for cerebral hemorrhage was
25/100,000 population and the one for SAH was 12/100,000 popu-
lation. The rate for cerebral hemorrhage increased up to the age
of 80—89 and the rate for SAH also increased up to the age of
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Table 3

Number of Cases and Average Annual Incidence Rates for Cerebral Hemorr-
hage and Subarachnoid Hemorrhage per 100,0000 Population,
Tartu, 1970— 1973 *

Cerebral hemorrhage SAH
Age group
(years)
No. Rate No. Rate
20—29 3
30— 39 9 4 1 2
40—49 7 14 8 18
50— 59 n 33 9 27
60— 69 27 89 9 30
70— 79 21 116 12 66
80— 89 22 360 3 48
90— 99 1 188 — _
Total 91 25 44 12

Rates are based on the population on 1 January 1970.

70—79. There were no significant differences in the rates for men
and women.

The incidence rate for TIA was 33/100,000 population per year
(Table 4).

Table 4

Number of Cases and Average Annual Incidence of TIA per 100,000
Population, Tartu, 1970— 1973*

Men Women Total
Age group

(years)
No Rate No Rate No Rate
20—29 0 0 1 3 1 1
30—39 1 4 0 0 1 2
40— 49 3 14 8 28 n 22
50—59 8 58 12 61 20 60
60— 69 12 112 26 132 38 125
70— 79 1 239 23 170 34 188
80— 89 5 378 8 167 13 213
90— 99 0 0 1 229 1 188
Total 40 36 79 3B 119 33

* Rates are based on the population on 1 January 1970.

The rate of TIA was higher in men only in the older age
groups. In 66% of the cases transient ischemia was in the
carotid arterial system and in the vertebrobasilar arterial system
in 34% of the cases. During the follow-up period of one to three
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; years completed stroke developed in 10% of cases, in most cases
I it occurred during the first year after the first attack.

Frequency of hypertension

| The prevalence of hypertension (blood pressure values more
| than 160/95 mm Hg) in the total material was 46%. Hypertension
I was diagnosed in 44% of cases with cerebral infarction, in 15%
I of cases with TIA, in 65% of patients with cerebral hemorrhage
land in 30% of patients with SAH.

| Other associated diseases

f The most common associated diseases in cases of cerebral
I infarction were atherosclerotic coronary diseases (33%), periphe-
I ral atherosclerosis (7%) and diabetes (4%). In patients with
I cerebral hemorrhage these diseases were diagnosed as follows:
latherosclerotic coronary artery diseases in 13%, peripheral athe-
| rosclerosis in 7% and diabetes in 2% of all cases. A comparati-
vely high prevalence of coronary artery diseases (25%) and

peripheral atherosclerosis (12%) in the present material was
j established in patients with TIA. The prevalence of coronary
j artery diseases was lowest (11%) in the cases of SAH.

Survival

| Probabilities of survival for the four years after the onset of
j various types of stroke are based on 1to 4 year follow-up of the
j cases recorded during the years 1970 through 1973. The highest

fatality rate for all types of stroke was found during the first

month, after that period the fatality was much lower. The one-
Jmonth survival for cerebral infarction was 54%, for cerebral
j hemorrhage 28% and for SAH 62%. One-year survival for cere-
j bral infarction was 44%, for cerebral hemorrhage 25% and for
I SAH 58%. During the following four years the survival for all
| types of stroke decreased nonessentially.

Mortality rate
I
j The mortality rate for stroke for this population was 98/100,000
| per year.

Discussion

There are many reports on the frequency of stroke but only a
j few are useful for deriving estimates applicable to the whole
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population. It is well known that estimates of the incidence of
stroke from mortality statistics cannot be expected to correspond
to those derived from morbidity surveys in the total population
of a community. The information based on the data from a parti-
cular clinic may not be the same as that for the entire community
because of the selection bias of the hospital. Therefore, only com-
munity-based studies can give us a true picture of the incidence
of stroke and its subtypes among different populations.

The data of the incidence of stroke in various communities
are given in Table 5.

Table 5
Incidence of Stroke in Different Communities
. Age-
Population . .
. Study Inci- adjusted
Community period of study dence inci-
area
dence *
Rochester, Minnesota 4 10 28250 194 190
Rochester, Minnesota 10 15 32600 154 164
Middlesex, Connecticutil 1 83000 230 170
Carlisle, England 5 7 71100 143 119
Mid-Missouri, USA B 1 78000 258 198
North Dakota and
Moorhead, Minnesota I7 2 94000 217 242
Espoo-Kauniainen, Finland B 2 113100 126 —
Hisajama, Japan 1 4 6521 127 —
Tartu, Estonia, USSR 4 90459 184 168

* Age-adjusted incidence according to the population of the USA in 1960.

It is seen that the incidences of stroke in Rochester, USA, and
in Tartu Estonian SSR, USSR, are very similar. In other commu-
nities, except for Carlisle, England, the Espoo-Kauniainen area
of Finland and Hisajama, Japan, the incidence is a little higher.
However, in these studies the number of unknown types of stroke
is comparatively high, which makes one suspect that cases other
than stroke also have been included in the study. The comparati-
vely low incidence found in the Espoo-Kauniainen area of Fin-
land might be explained by the young structure of this population.
The studies in Hisajama and Carlisle, which assessed the lower
incidence of stroke as well, have excluded the younger age groups
of the population and the outpatient fatal cases of stroke.

It must be said, however that the data on the incidence rates
in different communities are not exactly comparable because of
the different age structure of the population studied. To over-
come this, every investigator should reconstitute the series using
the same standard population. The age-adjusted incidences of
stroke are very similar in most communities (Table 5).

The incidence of TIA in Tartu is very close to the data repor-
ted from Rochester — 33 and 31 per 100,000 population per
year 18 respectively.
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The percentage of cerebral infarction among all strokes is

\ similiar in  Rochester, Framingham, Goulborn and Tartu

| .(Table 6).
Table 6
Percentage Distribution of Various Types of
Stroke in Different Communities
Cerebral
infarction Cerebral Un-
Community hemor- SAH Known
Throm- Embo- rhage
bosis lism
Rochester, Minnesota 10 75 3 10 5 7
Rochester, Minnesota 4 79 10 6 5
Framingham,

Massachussetts 2 63 15 4 18 -
Connecticut, USA1 50 36 14
Hisajama, Japanl 63 25 6 6
Goulburn, Australia 12 73 19 6 2
Espoo-Kauniainen, Finland 61 16 15 7
Tartu, Estonia, USSR 80 13,5 6,5 —

The percentage of cerebral hemorrhage is lowest in Framing-

I ham. The relatively high percentage of SAH in the structure of
j stroke in Framingham and Espoo-Kauniainen is obviously partly
associated with a younger population included into these studies.

In summary, the data concerning the incidence of CVD and

its subtypes, dependence on age and sex, and the mortality rate
in Tartu are close to the corresponding data reported so far from
other countries.
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OCTPblE LUEPEBPOBACKYNAPHbLIE 3ABOJIEBAHWNA
B FOPOLE TAPTY 3CTOHCKOW CCP B 1970— 1973 IT.:
SABONEBAEMOCTb N NCXOA.

M. N.-®. Poose, P. X. LynnuHr

Pe3ome

OcTpble LEepebpoBacKysIsIpHbIe 3ab0/1eBaHUSA  ABASAOTCA  OAHOIA
M3 OCHOBHbIX MPUYNH CMEPTHOCTU B GOJIBLUMHCTBE PasBUTbLIX CTpaH.
Lenbio HacTosweii paboTbl ObU10 YCTAHOB/IEHME 4YacTOTbl  3ab0-
NeBaMoOCTU WUHCY/IbTOM W ero OoTAeflbHbIMW  (hopMamMm, a Takxe
NEeTa/IbHOCTM UHCY/IbTa B . TapTy C OGWEIA 4YUC/IEHHOCTbIO Hace-
neHva 90459 »wtenein B 1970 rogy. B uccnepoBaHue BK/IOYEHbI
BCe CJlydaun WHcy/fbTa B I TapTy 3a 1970— 1973 rogpl.

BbisicHMNocb, 4To 06wan 3abosieBaeMOCTb WHCY/ILTOM B I. Tap-
Ty cocTaBuna 184+ 14 cny4vaeB Ha 100000 HaceneHwa B rog, npwu-
YEM 3HAUMTEsIbHO Yaule 60M1eM MY>XUYMHbI, YEM >KEHLUMHbI. AHaIN3
CTPYKTYPbl MWHCY/bTa MOKasasl, 4YTO MHMapKT Mo3ra 3HaunTesibHO
npesa/IMpoBasT Haf, ApYrvMy (opmMamMm WHCY/bTa, cocTaBnas 80%
cny4yaeB 13 HUX. BHYTpPMMO3roBble KpPOBOWU3/IUSAHUA  PaBHAIUCH
13,5% wun cybapaxHoHOa IbHblE KPOBOU3MUAHUA — 6,5% un3 Bcex
C/ly4aeB WVHCYSIbTa.

3abos1eBaeMoOCTb MHMapKTOM Mo3ra cocTaBnsna 147 cnydaeB
Ha 100000 HaceneHus B roa. B aHamHese y 26% 60/bHbIX WHbap-
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XKTOM MoO3ra Habsiiofanincb aTaky TPan3MTOPHOIA MLLEMUM TOJSI0BHOIO
,Mo3ra. O6uian 3a60/1eBaeMOCTb BHYTPUMO3rOBbIM KPOBOU3SIUSHUEM
Mokasaniacb 25+ 5 cnyuvaeB, a cybapaxHOMAA/IbHbIM KpPOBOWU3/INA-
Huem — 12+5 cnydaeB Ha 100000 HaceneHus B ropa.

B nepuwog HabnwogeHuns 6bu10 gmarHoctmposaHo 119 cnydvaeB

TPaU3NTOPHOIA ULIEMUM [OSIOAHOI0 MO3ra Cco cpegHelA udacTtoToid 33
«cfydada Ha 100000 HaceneHus B rod, NMpuyém 66% npucTynos 6buUn
B CUCTEME COHHbIX apTepuiti n 34% — B BepTebpobasmIsApHOLA cucTe-
me. 3a 1—3-reTHMiA nepuod HabMAEHUS MLWLEeMUYECKOe pasMsirye-
1Hve rosI0BHOrO Mo3ra BO3HMK/0 B 10% c/lyyaeB Tpau3UTOPHOIA
(VueMn B OCHOBHOM B Te4yeHMe rofa rocsie MepBUYHOIA aTaKMu.
; O6bwan neTasibHOCTb WHCY/IbTa B OCTPbIA MNepuog 3abosieBaHuns
AcoctaBunia 49+2%, OT/INYAACL 3HAUUTESIBHO MPU OTAESbHBLIX dop-
yMax UHCYs/ibTa — 72+5% npuv KpoBOU3NTUAHUM B MO3r, 46+2% npu
{nHpapkTe mo3ra n 39+8% npn cybapaxHoMgas/IbHOM KpPOBOWU3IUA-
HUN. 3a 4-NETHAA KaTaMHe3 CYLIeCTBEHHO MOBbICU/1aCb CMEPTHOCTb
topean 60sIbHbIX, MNepeHeclnx WHMapKT Mo3ra. B To ke Bpewms
|obwas neTasibHOCTb BHYTPUMO3F0BOro M cybapaxHoMAasibHOro Kpo-
| BOVBVSHNIA M3MEHWIacb HecyLLLeCTBEHHO.



EPIDEMIOLOGY OF PRIMARY SUBARACHNOID
HEMORRHAGES IN THE ESTONIAN SSR

T. Tomberg
Tartu State University

In the last decade cerebrovascular diseases have been the
subject of epidemiologic studies, the majority of which have dealt;
mainly with the incidence and the mortality of stroke as a whole
and the diagnostic distributions of stroke types as well. Less
attention has been paid to the epidemiology of different subtypes
of stroke.

Primary subarachnoid hemorrhages (SAH) have been the sub-
ject of several community-based studies, according to which they
comprise 5—18% of the different types of stroke (1—6). In Tartu,
the Estonian SSR, SAH were 6,5% of the total number of stroke
(7). The earlier epidemiologic studies have revealed geographic
variations in the frequency of SAH, the reported incidence varying
between 5.5— 19 cases per 100,000 population per year (6,8—13).

The purpose of the present study was to assess the incidence
and the prognosis of primary subarachnoid hemorrhages among
the population of the Estonian SSR.

Methods

The present series comprised all diagnosed cases of primary
SAH among the population of two towns (Tartu and Parnu) and
5 rural districts during an eight-year period, 1966— 1973, in-
clusive. All medical records, which were kept at the Neurological
and Neurosurgical Departments of the Tartu Clinical Hospital,
the Tartu Out-patient Clinic, the Parnu Hospital and District
Hospitals as well as autopsy minutes from the Departments of
Pathology and Department of Forensic Medicine and death certi-
ficates were retrospectively reviewed for the period from 1966
through 1973, and those with a diagnosis of primary SAH were
identified. The cases of secondary SAH due to hypertensive intra-



jcerebral hemorrhage, head injury, blood dyscrasias, brain tumors,
etc.,, were omitted. Only the first hemorrhage was considered
Iwhen determining the incidence. Our criteria for case-identifi-
} cation corresponded to those used by Pakarinen (11). The etio-
I logy of SAH was ascertained in 78% of cases by cerebral angio-
' graphy and/or autopsy.

The data on the Sex and age distribution of the study popula-
;tion were obtained from the census on January 1, 1970. The total
j population included in the study was 391, 403 individuals in 1970,
\ which comprised about 30% of the population of the Estonian
1SSR at that time.

Results

The total number of identified cases of SAH during 1966—
; 1973 was 274. The incidence of SAH for the town population
I (Tartu and Pé&rnu) was higher than for the rural population
I (Table 1), but this difference was not statistically significant. The
j rate per year did not vary significantly during the eight years
| studied.

Table 1

Number of cases and average annual incidence rate for SAH per 100,000
population in 1966— 1973

Incidence
Area
No. Rate
Tartu 84 11.6
Parnu 46 11.4
5 rural districts 144 7.0
Total 274 8.7

Women predominated among the patients, but the incidence
mrate for women was only slightly higher than for men (Table 2).
] After the standardization of the data (indirect method, the age-
specific incidence rate for the population of Tartu has been consi-
dered as a standard) in contrast, the incidence was higher in men
than in women, although not significantly.

Table 2 shows also the increasing incidence rate for SAH
in older age-groups of both sexes. The age-specific incidence rate
in men achieved its maximum in earlier age-groups (50—59
j years) than in women. 624 per cent of all the cases were
between 40—69 years. The mean age was 52.9 years (49 years in
men, 55 in women).

SAH was caused by the rupture of an aneurysm in 41% and
j by arteriovenous malformation in 3.7% of all cases in whom
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Table 2

Age- and sex-specific annual incidence rate for SAH per 100,000 population of.
Tartu and Péarnu, 1966— 1973

Age Male Female Total

<20 0 0.6 0.3
20—29 5.5 31 4.2
30— 39 10.7 5.3 7.9
40— 49 14.6 9.9 11.9
50— 59 42.6 20.0 30.5
60— 69 17.5 30.6 25,9

70< 27.1 46.4 41,6
Total 10.7 12.2 11.5

Standardized
rate 12.6 10.8 11,4

angiography or autopsy was performed. Localization of the aneu-
rysms was as follows: anterior cerebral, anterior communicating
artery — 29.4%, middle cerebral artery — 25.9%, internal carotid
artery — 24.7%, vertebro-basilar system — 12%, non-differentia-
ted localization — 9.4% of the cases. Multiple aneurysms were
found in 7% of the cases.

Among the patients with SAH caused by a ruptured aneurysm
persons of younger age predominated — 84% of the cases were
younger than 60.

During the acute period of illness (8-week period) 46% of the
patients died, 44% recovered well and 10% had some neurological
deficiencies. Sudden’ death occurred in 32.5% of all the fatal
cases, without these cases the case fatality rate was 31%. The
case fatality rate depended on the etiology of SAH — it was
much higher in patients with the rupture of an aneurysm (68%)
than in patients with an arteriovenous malformation (12.5%) or
in SAH cases of unknown causes (36%). The case fatality rate
was also higher in cases of aneurysms of the vertebrobasilar
system and of the middle cerebral artery, it was lowest in patients
with internal carotid artery aneurysms.

The number of early recurrences of SAH was significantly
higher in patients with a ruptured intracranial aneurysm (35%)
than in others (13.5%). The incidence of recurrent hemorrhages
increased within the second week of the disease. The case fatality
rate in the case of a recurrent hemorrhage was 85% and in the
initial hemorrhage — 35%.

During 1966— 1973 altogether 134 patients had died from the
first or the recurrent SAH. The mortality rate for SAH for our
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total population was 4.3/100,000 per year without any significant
—differences between two sexes. The mortality rate was increasing
in olider age—-groups, whereas it was remarkably higher in patients
Jover 50 than in patients under 50 (9.6 and 2.1/100,000 per year,
I respectively).

Life-time table analysis gave a 86.5% probability for a year’s
:survival, 80.1% for three-year survival and 77.4% for five-year
«survival.

Discussion

The results of this study show that the incidence of primary
SAH in Estonia is remarkably similar to the frequency of SAH
in other countries (Table 3).

Table 3
Incidence of SAH in different communities

. Population Inci-

Community Study years of study area dence

Rochester, Minnesota 4 1945— 1904 30,425 10.6

Oslo, Norway 8 195MN— 1954 400,000 6.0

Carlisle, England 4 1955— 1961 71.101 10.9

Netherlands 9 1950— 1°C2 400,000 7.8

Goteborg, Sweden 15 1956— 1959 9.0

Helsinki, Finland 1L 1954— 1961 439.750 15.7

Iceland 122 1958— 1968 185,505 8.0

Pecs, Hungary 13 1959— 1968 136,556 55
Fargo, Moorhead and North

Dakota, Minnesota 2 1965— 1966 94,037 17.0

Espoo-Kauniainen, Finland 6 1972— 19-3 113.100 195

Estonia, USSR 1966— 1973 391,403 8.7

However, the incidence of SAH in Finland as reported by
Pakarinen (11) and Aho (6) and in the U.S. (2) is higher than
lin Estonia. A higher incidence of SAH among the urban than the
jrural population was found also in lIceland (12) and Hungary
I (13), which is probably due to some hypodiagnostic of the disease
among the rural population.

The incidence of SAH increases with age, but in the present
fstudy the incidence rate in elderly age-groups was relatively
.higher than it has been reported from other countries, while, on
jthe contrary it was lower in younger age-groups (11, 12, 14).

Our study revealed no clear sex difference in the incidence of
SAH, but the age-specific incidence rates show that among men
j SAH occurs at a younger age than among women.

The frequency of arterial aneurysms in the present series was
relatively low due to incomplete angiographic examinations —
usually only unilateral or bilateral carotid angiography was per-
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formed, but the percentage of arteriovenous malformations was
in agreement with the earlier reports (8, 11).

Our material includes a large number of patients dying before

admission to hospital, this explains a considerably high case
fatality and mortality rate in the present series. The mortality is
especially high during the initial period of SAH with a maximum
in the first and the second week of the disease due to the frequent
recurrences at that time. Although the risk of death decreases
later, the estimated late mortality was also considerable.

10.

11.

12.

13.

14.

15.
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SNUAEMMONOTNA CNOHTAHHDIX
I CYBAPAXHOUAOANbHBIX KPOBOWU3NUAHWUN
j B 3CTOHCKOW CCP

! T. Tombepr

I Llenbto JaHHOMA paboThl ABMAMOCE M3YYEHWE pacnpocTpaHeHUs
I[v nporHo3a CAOHTaHHbIX cyb6apaxHOMAa/IbHbIX  KPOBOU3IUAHWUIA
1(CAK) cpegn HaceneHuss 3cToHckoiA CCP. MccnepgoBaHma npoBe-
[eHbl peTpocneKTUBHO ib 2 ropogax (Tapty m MapHy) mn B 5 cenb-
CKNX paiioHax 3cToHckoiA CCP B TeueHme 8 net (1966— 1973 rr.).
JBcero 3apeructpmpoBaHo 274 nepBuYHBLIX C/lyyaeB cnoHTaHHbIX CAK,
JuTo cocTaBnsAeT B cpegHem 8,7 cnydaeB Ha 100000 HaceneHus B rof,
(11,5 cny4aeB cpegn ropoackoro v 7,0 criydaeB cpedn CebCKOro
HaceneHwus). 3aboneBaemocTb CAK He oTnm4yasniack No nosy 60sb-
HbIX, HO YyBe/MyMBasiaCb C BO3pacToM, o0cobeHHO nocne 50 JeT.
OTMedasniacb OTHOCUTESIbHO BblcOKas 3abosieBaemocTb CAK cpeam
HacesleHVA MOXXW0ro Bo3pacTa. JdtuosiornyeckumMmn taktopamm CAK
B 41% cny4aeB OKasa/lINCb apTepuasibHble aHeBpusmbl U B 3,7%
C/ly4yaeB — apTepMmoyBEHO3Hble aHeBpPU3MBbI.

CmepTHOCTL OT crnoHTaHHbIX CAK coctaBuna 4,3 criydaeB Ha
1 100000 HacernieHus B roA, JleTasibHOCTb B OCTPOMA U MOAOCTPOLA
ctagun CAK Obuia 46%, npuyem 32,5% uucnia ymepLumx cocTas-
N7 C/lyYanm CKOPOMOCTUMDKHOIA  BHEBO/TIbHUYHOIA CMEPTH.

Begywieihn npuunHoiA neTtasnibHoro ucxoga CAK aBnsawTcs paH-
HVEe 1 MNo3gHWE peuuamBbl KPOBOU3JTUAHUA, KOTOPble Yalle Habso-
[aTcsa BO BTOpOLMA Hederne 3aboneBaHus. MporHo3 CAK sBnsieTcs
3HaunTesIbHO 6Gosiee Heb1aronpuATHBLIM  MNpY pa3opBaBLUMXCA apTe-
pyasnibHbIX aHeBpm3amax, 4em npu CAK gpyroia stuonormn. MeTogom
BbIUMC/IEHNSA Tab/ML, CMEPTHOCTU YCTaHOBJ/IEHO, YTO BEPOATHOCTL Bbl-
XUBaHUSA B TedyeHve MepBoro roga nocsie octporo nepmoga CAK
coctaBnsgeT 86,5% wu B TeueHue naToro roga — 77,4%.



RISK FACTORS IN STROKE

M. Roose

Tartu State University

Cerebrovascular diseases play an important role in the struc-
ture of morbidity, mortality and disability of the population.
Despite of an increased understanding of the pathogenesis of
brain lesions in stroke during the last decade, the results of
treatment and rehabilitation of this disease show little improve-
ment. The brain tissue is very sensitive to hypoxia and usually
irreversible damage to the brain tissue develops far before any
treatment can be initiated. The best answer to this devastating
illness is a preventive approach. Epidemiological investigations
have begun to identify highly vulnerable persons and the factors
which predispose stroke. An epidemiological study for ascertaining
risk factors may be retrospective and prospective. The former is
more economical, quicker, furnishes a larger number of cases and
the preselection of cases, lack of uniformly applied criteria and
is less tedious to carry out. However, it suffers from the bias of
an excess of incomplete, unplanned and unstandardized obser-
vations.

A prospective study is more cumbersome, costly and slow to
yield results. Prospective studies allow planned observations and
relate antecedent population characteristics to the development of
disease many years later K

The purpose of this retrospective study was to assess the role
of some factors which may predispose brain infarction. It was
hoped that the investigation might give valuable information on
the etiology of brain infarction in the Estonian population.

Methods
The study is based on 249 patients with brain infarction and
52 patients with cerebral hemorrhage admitted to the Neurological

and Neurosurgical Departments of Tartu Clinical Hospital. The
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diagnosis of each case was confined to history, to clinical and
neurological examinations and in 20% of cases to cerebral angio-
graphy. Cases with proved cerebral embolism of cardiac origin in
young patients were excluded. In the history of 34% of the
patients, were transient ischemic attacks. The study material
consisted of 135 females and 114 males at an age of 35 to 96
years in cases of cerebral infarction, and 28 females and 24
males at an age of 33—79 years in cases of cerebral hemorr-
hage. The control group consisted of 190 persons without evi-
dence of cerebrovascular disturbances in history and clinical
examination. Most of them were hospitalized for the treatment of
diseases of the peripheral nervous system. There were 103 females
and 87 males at an age ranging from 31 to 81 years.

All the subjects under study were asked for the incidence of
stroke in the family (parents, brothers, sisters) and cigarette
habits. The arterial blood pressure, the height and weight were
measured in all cases. Cholesterol, beta-lipoproteins, glucose and
hemoglobin were measured in the blood. ECG was registered in
all patients. The glucose tolerance test was performed in 31 cases
with cerebral infarction and in 23 controls. Biochemical and meta-
bolic evaluations were made during the third week of illness.

Results

The high blood pressure is clearly the most important risk
factor in stroke. The percentage of cases with an elevated blood
pressure (Table 1) among the patients with cerebral infarction

Risk factors in stroke

Table 1
. Cerebral Cerebral
Risk factor Control infarction hemorrhage
Blood pressure * 160/95 mm Hg 13+2 50+3* 524 7%
Systolic and diastolic blood pres-
sure 160/95 mm Hg 5+2 29+3* A2+ T7*
Systolic blood pressure ~ 160 mmHg 3+1 13+2* 6+3*
Diastolic blood pressure » 95 mm Hg 4+ 1 742% 4+3
ECG abnormalities 26+4 66+3* 534+7%
Blood sugar 120 mg % 6+2 2343% 20+6*
Cholesterol ~ 240 mg % 33+4 A44+3* 54+8*
Beta-lipoproteins ~ 55u 38+4 48+ 3* 35+7
Hemoglobin ~ 100% 1442 36+3* 26+6*
female 3+2 20+3* -
male 28+5 55+5 -
Stroke in the family 12+2 17+3 19+6
Cigarette habit 28+3 33+3 44+8
female 4+2 4+2 12+8
male 57+6 68+5 73+10
Overweight 48+6 38+4 40+8

* P < 0,05



and cerebral hemorrhage was considerably higher than in the
control group, i.e. 50 + 3% in cases of cerebral infarction,
52 + 3% in cerebral hemorrhage and 13 + 2% in the control
group, respectively.

The difference was present in all age-groups. The mean values
for the systolic and the diastolic blood pressure were also signi-
ficantly higher in stroke patients compared to the controls
(Table 2). In patients with stroke simultaneous elevation of both
the systolic and the diastolic blood pressure and of the systolic
pressure alone were revealed (Table 1).

Table 2
Mean values of risk factors in stroke
. Cerebral Cerebral
Risk faktor Control . - hemorr-
infarction
hage
Systolic blood pressure mm Hg 136+2 158+0* 165+6*
Diastolic blood pressure mm Hg 83+1 92+1* 97+3*
Blood sugar mg % 95+1 114+4* 115+7*
Cholesterol.mg % 223+3 242+4* 244+8*
Beta-lipoproteins u. 52.3+1,3 58.3+1.4* 53.0+3.0*
Hemoglobin % 89,5+0.5 96.0+0.5* 93.0+1.0*
female 85.0+1.0 91.5+1.0* —
male 94.0+1.0 101.5+8.5* —
* P < 0.05

The ECG abnormalities were revaled in 66% of cases with
brain infarction, in 53% of cases with cerebral hemorrhage and
in 26% of the controls. (Table 1). Myocardiac ischemia and
arrhythmia were more characteristic of patients with cerebral
infarction, and left ventricular hypertrophy was typical of sub-
jects with cerebral hemorrhage.

The percentage of cases with an elevated blood glucose level
(above 120 mg %) was significantly higher in patients suffering
from stroke, i.e. 23% in brain infarction and 29% in brain hemorr-
hage against 6% in the controls. (Table 1). A statistically signi-
ficant increased mean blood glucose concentration was established
in cases of stroke as well (Table 2). The disturbances of glucose
metabolism were much more frequently revealed by the glucose
tolerance test. An abnormal test was found in 46% of cases with
cerebral infarction compared to 17% in the controls. (P<0.05).

Among the blood lipid abnormalities elevated cholesterol
values (above 240 mg %) were more frequently observed in all
stroke patients compared to the controls, while elevation of the
lipoprotein content (above 55 u) in the blood was characteristic
only of ischemic stroke (Table 1). There were no differences in
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the lipid level between men ~nd women and they were not corre-

lated with the age of the patients. However, it must be noted
| that the percentage of elevated lipid values was quite high also
I in the control group. The mean values for blood cholesterol and
beta-lipoproteins were also significantly increased in stroke
patients compared to the controls (Table 2), both in men and
women.

The percentage of an elevated blood hemoglobin content
(above 100%) was significantly higher in patients with stroke
(Table 1), i.e. 36% in cases of cerebral infarction, 26% in cases
of cerebral hemorrhage and 14% in the controls. It was a cha-
racteristic finding in all the age-groups.

In families of patients with cerebral hemorrhage and infarction
stroke occurred somewhat more frequently than in families of the
f control subjects, respectively, 17% in cases of cerebral infarction,
i 19% in cases of cerebral hemorrhage and 12% in the controls.

No significant differences were found in smoking habits and
in the relative weight between the stroke and control groups.

Next, the frequency of various combined risk factors in cases
of «brain infarction was studied. The following factors were con-
sidered: hypertension, ECG abnormalities, blood glucose, beta-
lipoproteins and hemoglobin. It was found that two or more
factors occurred considerably more frequently in the patients with
stroke than in the controls (P<0.05). Combination of three
factors was observed almost 10 times and of four factors 30
times more often in patients with brain infarction than in the
i controls (P<0.05). Almost 40% of stroke patients had three or
more associated factors whereas this was revealed only in 3% of
the controls (P<0.05).

j Discussion

This study has revealed a number of factors which are signi-
ficantly associated with stroke. However, uncertain the final
i answer is, certain precursors for stroke such as hypertension,
] ECG abnormalities, carbohydrate disorders, hyperlipidemia and
an elevated blood hemoglobin level, are important. Of these
>factors hypertension is clearly the most important contributor to
] stroke234 It is known that hypertension, besides accelerating
atherosclerosis, may precipitate strokes by impairing the cardiac
; function as well as an mechanically damaging diseased vessels
or by reducing the cerebral blood flow.
Most victims of stroke are already ill with cardiac diseases,
. having several kinds of ECG abnormalities.5 It has been estab-
J lished in the present study that coronary heart diseases and seve-
| ral kinds of ~arrhythmias mainly predispose subject to the deve-
I lopment of ischemic stroke, whereas left ventricular hypertrophy,
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usually caused by permanent hypertension, is most of all associat-
ed with cerebral hemorrhage. All these cardiac impairments,
being the results of atherosclerosis and hypertension, weaken
myocardiac action, diminish the cardiac output and the cerebral
blood flow, contributing to the development of ischemic stroke.
Atrial fibrillation and other dysrythmias are mainly associated
with embolic stroke

It has been established that'impaired carbohydrate metabolism
is associated with an increased risk of stroke K Diabetes is clearly
associated with the disease both large and small vessels 6, with
multiple lipid abnormalities and with obesity and hypertension.
Thus, it is not suprising that impaired glucose tolerance has
often been observed in stroke patients, both in our material and
in the reports of other investigators 7.

There is a good deal of evidence to link certain serum lipid
patterns to atherosclerosis. However, studies of serum lipids in
persons with cerebrovascular disease have not always shown
higher serum lipid values89 Our results, which established
hyperlipidemia in stroke patients," are in agreement with mjny
other reports 210 Strong association of lipids with cerebral infarc-
tion can be demonstrated only in those who are under 50 when the
lipids were measured n.

An elevated blood hemoglobin level may also be cited as a
possible stroke precursor. Presumably it is the consequence of an
increased propensity to thrombosis and hypertension, since the
hemoglobin content of the blood influences its viscosity, dyna-
mics of the flow, and its clotting characteristics. The result of
both our investigations and several other studies confirm it3-12

It seems reasonable to conclude from this and from other
studies that at present the key to the prevention of stroke is early
detection and control of hypertension and cardiac impairment. To
assess the efficiency of correction of other risk factors in the pre-
vention of stroke, some more data should be available. However,
the magnitude of the problem compels us to evaluate the possi-
bility of lowering the stroke incidence.
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PAKTOPbI PUNCKA WVHCYNbTA
M. N.-®. Poose

Pe3tome

WHcynbT He sIBAsieTCA CNeacTBMEM  04HOF0  MaTosIorMyeckoro
(hakTopa, a pesysibTaTOM LESoro psiga AO/IMTeSIbHO pa3BMBatOLLLMXCS
MaTosIOrNYEeCcKNX W3MEHEHUEA B opraHuame. [M03TOMYy MOXHO C yBe-
PEHHOCTbIO CUMTaTb, UTO YMEHbLUEHWA 3a60/1EBAEMOCTU MHCY/1bTOM
MOXXHO [0CTUYL NUWb MyTEM pPaHHEIA MpoUMIaKTUKW. NS 3Toro
HEO6X0AMMO BbISBUTL (haKTOpbl PMCKAa, HAa OCHOBE KOTOPbIX MOXHO
YCTaHOBUTb /NLEA, MNpeapacrosioKeHHbIE K UHCY/bTY.

B HacTosweid paGoTe YCTaHOB/IEHbl (aKTOPbl, CBsI3aHHble C
WHCYNbTOM cpedyl HacerieHust T. TapTy. Bcero wuccriegoBaHo 249
60/TbHbIX C ULLIEMUYECKMM WHCY/IbTOM U 52 60/IbHbIX C BHYTPUMO3I0-
BbIM KpOBOM3MIUsHMEM. KOHTposibHas rpynmna coctosisia u3 190 fny,
Yy KOTOpPbIX B aHaMHe3e U K/IMHWUYECKM PacCTPOLACTB MO3FOBOF0 Kpo-
BOO6paLLEHNA He BbISBUIOCH.

Hanbosiee cylIeCTBEHHbIMU (aKTopamMu, CTaTUCTUYECKU [A0CTO-
BEPHO CBSI3aHHLIMU C MLUEMUYECKUM WHCY/IbTOM, SIBU/IUCL MOBbILLEH-
Hoe apTepuasibHoe [JaBfieHWe, pacCTPoOMACTBa CEPAEYHOMA aeAaTesb-
HOCTW, OTpaXaBLUMECH B pPas3/IMUHbIX MaTO/IOMMYECKUX W3MEHEHUNAX
3K, paccTpoiAcTBa YyrneBogHoro o6MeHa, BblpaKaBLUMecsl B MOBbI-
LWEHUM YPOBHS caxapa KpoBU W B TMOHWKEHHOA TOMEPaHTHOCTU K
yrneBofamM, HapylleHUs JSIMNUAHOro o6MeHa, BbIABMSBLUMECA B MO-
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BbILLEHUW COAEpPXaHUs XoslecTepyHa U 6eTa-/mMnospoTenaoB B Kpo-
B/, U MNOBbIWEHHasA BA3KOCTb KPOBW, OTpa)aBLUascs B MOBbILEHUN
YPOBHA remorsiobvHa u 4mcna 3puTpouUTOB B KPOBMU.

Mpu mM3ydyeHUN 6OJSIbHBLIX C KPOBOM3SIMSIHMEM MO3ra BbISIBUSIOCH,
YTO MpVM remopparvyeckoM MHCY/IbTe ObUM Te XKe (aKTopbl PUCKa,
YTO U NpU WNHpapKTe Mo3ra, HO OT/IMYa/IUCb OT MOCNeaHUX ULb
60/1ee BbICOKAMUW MOKa3aTeNiaM1 apTepuasibHOro OasrieHnss 1 6onee
HU3KOIA 4acToTOIA HapyweHnin 3K .

Pe3ynbTaTbl paboThbl MOKa3bIBalOT, YTO MNpy BbIpaboTKe W BHen-
peHUU MpohUIIaKTUYECKUX METOA0B WHCY/bTa 0c060e BHUMaHue
cnenyeT yAenaTb BbISB/EHMIO (AKTOPOB pUCKa WHCy/bTa cpeau
HacesleHUsl, B 4YaCTHOCTWM B MOJI0OM BO3pacTe.
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PROGNOSIS OF STROKE

0. Waltimo, M. Kaste, K Aho

University of Helsinki

In 1971 an international cooperative stroke register project
was started under the auspices of the World Health Organization
(WHO). The purpose of this project was to gain information
about the incidence, course and prognosis of stroke in selected
communities in different parts of the world. One of these stroke
registers was that of Espoo-Kauniainen area in South Finland,,
where the register was active in 1972 and 1973. Two previous
reports 12 deal with the incidence and early prognosis of stroke
patients in this register. The aim of the present study was to
analyze the long-term prognosis of these patients.

Methods

A prospective study of all new stroke cases in the Espoo-Kau-
niainen area (population 113,100) in South Finland was carried
out in 1972 and 1973 by the WHO stroke register method (for
details see Aho and Fogelholm, 1974,1 and Aho, 1975 2). Alto-
gether 286 stroke patients could be established. The prognosis
of these patients was evaluated. At the turn of the year 1976 to
1977, after a median follow-up period of four years, a question-
naire was sent to all surviving patients to elicit their state of
health and/or disability. All patients could be traced. The chi-
square test was used in statistical comparisons.

Results

Within the two-year registration time 286 stroke patients were
found. The basic information concerning the type of stroke, age
and sex distribution (Table 1), incidences (Table 2) and case
fatality three months after the onset of stroke (Table 3), has pre-
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Ta

Type of stroke, median age and sex distribution (Aho 1975) 2

Type of stroke

SAH
ICH
INF
NUD

All

Incidences

Type of stroke

SAH
ICH
INF
NUD

Male
Med. age N

44 14
58 19
64 93
70 1
64 137

Med. age N

Female

52 30
64 27
71 82
71 10
69 149

(Aho 1975)2

Study population

Male Female
129 25.6
17.5 23.0
85.4 69.9
10.1 8.5

125.8 127.0

Total Male
19.5 141
20.3 24.1
77.4 134.7

9.3 19.8

126.4 192.7

Total

Med. age N

49 44
63 46
67 175
70 21

66 286

Ta

per 100,000 annually of different types of stroke

Age adjusted

Female

331
35.0
123.0
151

206.2

ble 1

%

15

61
8

100

ble 2

Total

23.9
29.7
128.6
17.3

199.5

Table 3

Case fatality three months after the onset of stroke according to age and type
of stroke (Aho 1975) 2

Type of stroke

viously been reported by Aho.2 61%
the ischemic brain infarction (INF) group, and 15%
the subarachnoid.hemorrhage (SAH) and

SAH
ICH
INF
NUD

All

< 65 years

16/34 (47%)
16/26 (62%)
4/65  (6%)
1/3  (33%)

37/128(29%)

~ 65 years

3/10 (30%)
17/20 (85%)
49/110(45%)
8/18 (44%)

77/158(49%)

hage (ICH) groups,, respectively, while in 8%

38

Total

intracerebral
of the cases the

19/44 (43%)
33/46 (72%)
53/175(30%)
9/21 (43%)

114/286(40%)

and 16%

of the patients belonged to

to

hemorr-



type of stroke could not be specified (NUD). The incidence, age-
adjusted to the population of Finland, was about 200/100,000/year.
The three-month mortality in the age-group under 65 years,
37/128 (29%), was significantly lower than that of the age-group
over 65 years, 77/158 (49%) (P<0.05). This was especially
marked in brain infarction (PCO.0005). The highest mortality
was found in old patients with an intracerebral hemorrhage and
the lowest mortality, in young patients with an ischemic brain
infarction.

After a median follow-up period of four years, 177 patients
(78 men and 99 women) had died. Thus the four-year mortality
was 62% (Table 4). The age was here an even more significant

Table 4

Case fatality after a median follow-up period of four years according to age
and type of stroke

Type of stroke <65 years 65 years Total
SAH 19/34 (56%) 7 /10 (70%) 26/44 (59%)
ICH 17/26 (65%) 17/20 (85%) 34/46 (74%)
INF 20/65 (31%) 83/110(75%) 103/175(59%)
NUD 1/3  (33%) 13/18 (72%) 14/21 (67%)
All 57/128(45%) 120/158(76%) 177/286(62%)
Table 5

Causes of death

Before 3 months After 3 months Total
Cerebrovascular dis. 93 25 118
Cardiovascular dis. 18 22 40
Malignancy 1 6 7
Violent death - 2 2
Miscellaneous 2 8 10
Total 114 63 177

(P<0.01) determinant of mortality than in the three-month fol-
low-up period. Here, 57/128 (45%) of those under the age of 65
had died, against 120/158 (76%) of the patients aged 65 years or
older. Here too, the highest mortality was found among old
patients with an intracerebral hemorrhage and the lowest morta-
lity among young patients with- an ischemic brain infarction. The
mortality had changed very little in the group of intracerebral
hemorrhages, but in the group of ischemic brain infarction it had
nearly doubled the three-month mortality.



Table 6

ADL of ithe survivors after a median follow-up period of four years

ADL category

Type of stroke Total
1 2 3

SAH 18 0 0 18

ICH 7 4 1 12

INF 50 13 9 72

NUD 2 2 3 7

All 77 19 13 109

ADL category: 1= Fully independent
2= Requires assistance in ADL
3= Totally disabled

The causes of death are shown in Table 5 The primary cere-
brovascular disease was the major cause of death within 3 months
after stroke, but nearly an equal number of deaths vere due to
cerebrovascular and cardiovascular causes thereafter.

After a median follow-up period of four years there were 109
survivors (59 men and 50 women). 71 had had their stroke
before the age of 65, and 38 patients had been older than 65 at
the time of stroke. The survivors were divided into three cate-
gories according to their activities of daily living (ADL): 1 Fully
independent in ADL, 2. Those who required assistance in ADL,
and 3. Totally disabled. The survivors’ prognosis regarding ADL
can be seen from Table 6. 71% of the survivors were fully inde-'
pendent; that is, all patients with previous SAH, but 69% of those
with an ischemic brain infarction were also fully independent.
21% of the survivors had returned to work.

Discussion

The incidence of stroke in Finland is about 200/100,000/year,
which is high compared with most other community studies.35
The incidence of SAH in particular is much higher than has been
reported from other countries. Pakarinen6 in 1967 reported an
incidence of SAH in Helsinki 16.8/100,000/year. In the present
study this incidence is even higher: 23.9/100,000/year. Nearly two-
thirds of the patients had a brain infarction, a fact which is com-
mon to most previous studies.

The mortality in the acute stage (within three months) was
40%. This is fairly low, but it does not differ markedly from ear-
lier reports.7-10 The low mortality may perhaps be due to the
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young age structure of our material. Young age was especially
favourable in connection with brain infarction, the difference in
mortality between the younger and older age-groups being highly
significant.

The mortality after a median follow-up period of four years
was 62%. It had not changed much in the subarachnoid or in the
intracerebral hemorrhage group, but it had doubled in the brain
infarction group. This is in agreement with the results of Abu-
Zeid et al. (1978) 10 based on a material of 1,484 stroke cases
observed for 30 to 48 months in Manitoba, Canada. Most of the
deaths in hemorrhagic stroke occurred during the first weeks,
and if the patient survived, he would be considered to have pas-
sed the serious stage. The same was true of patients with SAH
caused by a single intracranial arterial aneurysm.1l Patients with
brain infarction continue to run a risk of dying higher than the
general population. In the present series, 31% of the patients
under 65 years of age with brain infarction had died within 4
years. This is close to our previous series,2 where 23% of the
patients having a brain infarction and a verified unilateral occlu-
sion of the internal carotid artery had died after a median fol-
low-up period of 53 months. The median age was also low in
this material: 53 years. However, in our previous series of middle
cerebral artery occlusion and brain infarction 13 the 2.5-year mor-
tality was 14%. This was most likely due to the fact that in this
series the patients were quite young (mean age 44 years) and
all had an occlusion of middle cerebral artery, which supplies
only part of one hemisphere.

The causes of death within three months are mainly cerebro-
vascular, but after three months nearly as many patients die of
cerebrovascular as of cardiovascular diseases. This was also
reported in the previous series 12,14,15 and shows a close relation-
ship of stroke and heart diseases.

The studies concerning functional recovery after stroke have
shown that about half of the patients who survive become inde-
pendent in self-care.

Summary

A prospective study of all stroke cases in the Espoo-Kauniai-
nen area (population 113,100) in South Finland was carried out
during 1972 and 1973 by the WHO stroke register method. 286
stroke patients could be found; 61% of them had a brain infarc-
tion, 16% an intracerebral hemorrhage and 15% a subarachnoid
hemorrhage. The total incidence was 200/100,000/years after age-
adjustment of the results to the population of Finland. Especially
high was the incidence of subarachnoid hemorrhage, 23.9/100,000/
year. The mortality within three months was 40% and that after
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a median follow-up period of four year was 62%. The mortality
was highest in old patients with an intracerebral hemorrhage and
lowest in young patients with a brain infarction. The causes of
death after the acute stage were cerebrovascular as often as
cardiovascular. After four years, 71% of the survivors were fully
independent in ADL and 21% had even returned to work, and
about 10% need institutional care.’§ I7 In the present study, after
a median follow-up of four years, 71% were fully independent in
ADL and 21% of the survivors returned to work. This confirms
to our previous results.11-13 The most favourable result was seen
among patients with a subarachnoid hemorrhage, which is in
agreement with our previous series I and the worst, among
patients with an intracerebral hemorrhage. It is conceivable that
the good result in ADL is partly due to the fairly young age
structure of our series. It can be concluded that the mortality of
stroke is still high, but the survivors have a relatively good prog-
nosis regarding their activities of daily living.
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MPOITHO3 MNHCYNbBTA

0. Bantumo, M. Kacte, K Axo

Pe3tome

B toxXHOIA OUHASHOMM B ropogax dcnoo u KayHumaiiHeH B 1972—
1973 ropgax no Mmetody peructpa BO3 6b1710 nMpoBeseHO MNpocrek-
TUBHOE unccnenoBaHne 3ab60/1eBaeMOCTU UHCY/IbTOM. Bbino ycTaHOB-
NeHo Bcero 286 60/IbHbIX WHCY/IbTOM, B TOM 4ucsie 61% 60/1bHbIX
C WHMapKTOM Mo3ra, 16% 60/1bHbIX C BHYTPUMO3rOBbIM KpPOBOW3-
nmsaHueMm n 15% 605bHbLIX ¢ cybapaxHougasibHbIM KPOBOU3MTUAHUNEM.
O6wasa 3abosieBaeMOCTb WHCY/IbTOM paBHANacb 200 cny4daam Ha
100 000 HaceneHns B rog (cTaHOapTU30BaHHas Ha BO3PacTHYHO
CTPYKTYpY BCero HacesieHnsa ®PunHnaHanmn). Oco6eHHO BbICOKOA OKa-
3a/s1acb 4YacToTa CcybapaxHOMAa/IbHOr0 KpoBOU3AMAHUA — 23,9 cny-
yaeB Ha 100 000 HaceneHusa B rog. JleTa/iIbHOCTb B TedeHuWe nep-
BbIX 3-X MecsaugeB rMocsie 3aboneBaHnsa 6blna 40% w 4depes 4 roga —-
62%. JleTa/lbHOCTb OKasajiaCb HavBbICLIEA cpean 6osiee cTapLiunx
60/IbHbIX C BHYTPMMO3r0OBbIM KPOBOU3/IUSHUEM U Haubosiee HU3KOIA
cpean 6onee MosiogblX 60/bHbLIX € WMHGpapKTOM Mo3ra. [lpuunHota
CMepTU B OCTPOM nepuofe 3abosieBaHUA OblUIM KaK LepebpoBacKy-
NnsApHble, TakK W KapAanoBackysisipHble 3abosnieBaHuUsa. Yepes 4 roga
71% GOMbHbIX, TMEepPeHecWnX WHCY/bT, O0Ka3asinCb Crnoco6HbIMU K
caM0o06CNYXXMBAHUK U He HYXXAa/INCb B TMOCTOPOHHEA MoMoOLLK,
21% 60/IbHbIX BEPHY/CA K MpexHeia paboTe.
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PROGNOSIS OF PATIENTS WITH INTERNAL CAROTID
AND MIDDLE CEREBRAL ARTERY OCCLUSIVE DISEASE.

T. Tomberg
Tartu State University

The occlusive lesion of the cervical arteries and their main
branches plays an important role in the pathogenesis of brain
infarction. However, the severity of cerebrovascular disorders
depends on various factors and may greatly vary in different
cases 1-5. So far, in the studies dealing with the prognosis of
stroke, little attention has been paid to the survival and functio-
nal recovery of patients with internal carotid and middle cerebral
artery occlusion.

The purpose of this study has been to analyze the short- and
long-term prognosis of patients with verified internal carotid and
middle cerebral artery occlusive disease.

Methods

We have analyzed the case histories of 83 patients with veri-
fied occlusive lesion of the internal carotid artery (ICA) or middle
cerebral artery (MCA). All the patients had been admitted to the
Department of Neurology, Tartu Clinical Hospital in 1967— 1973.
The clinical diagnosis of each case was confirmed by an angio-
graphical examination or at autopsy. Out of the patients, 39 had
occlusion and 16 — stenosis of the ICA near the carotid bifurca-
tion, and 28 patients had occlusion of the MCA. Seven patients
had a bilateral lesion of the arteries. The age of the patients
at the onset of symptoms varied from 30 to 96 years. The mean
age in women was 63 and in men — 53 years.

The median follow-up period was 6 years. Information about
the follow-up period was obtained by means of a detailed ques-
tionnaire or at personal examination of the patients. The data were
obtained in 50 cases of 60 survivors after the acute period of
their illness. The patients were divided into four categories accor-
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ding to prognosis: group | — fully independent in their activities
of daily living (ADL), group Il — persons requiring assistance
in ADL, group IIl — totally disabled and group IV — died
during the follow-up period. The probability of 5-year survival
was estimated by means of a life-time table analysis.

Results

The age and sex distribution of the patients is presented in
Table 1 Table 1 shows that men predominated among the
patients, whereas the predominance of men was especially re-
markable in the younger age-groups.

Brain infarction was present in 72 cases (in 69 cases in the
territory of the MCA and in 3 cases in the territory of the
anterior cerebral artery), 8 patients suffered from TIAs and
1 patient had no symptoms at all.

Table 1
Age and sex distribution of the (patients with ICA and MCA occlusive disease

Age Men . Women Total
<20
20— 29 —. _ _
30— 39 9 1 10
40— 49 9 2 n
50— 59 19 5 24
60— 69 16 1 27
70< 2 .9 1
Total 55 28 83
% 66 34 100

The majority of the patients with TIAs had stenosis of the
ICA only. During the acute period of cerebral infarction 23
patients died (34%)- The casefatality rate was much higher in
the case of MCA thrombosis compared with ICA thrombosis
(48% and 27%, respectively). At the end of the acute period of
disease the number of seriously disabled patients was similar in
these two groups of patients (32% and 34%). 39% of the survi-
ved patients with ICA occlusion and 20% of the patients with
MCA occlusion were free of symptoms. 13 patients of 16 subjects
with ICA stenosis were well-recovered and only 3 had neurologi-
cal signs.

The bilateral lesion of the carotid arteries or of their branches
was associated with a more unfavorable short-term prognosis, (out
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of 7 patients with a bilateral lesion 5 patients died during the
acute period of brain infarction).

An important role in the early prognosis seems to play the
state of the collateral cerebral circulation as seen in the angio-
grams. In 78% of the patients who had died during the initial
stroke, the collateral circulation was not seen from the angio-
grams.

There was a certain correlation between the age of the patients
and their short-term survival rate. Among the patients under 60
years for men and 55 years for women the case fatality was 2.5
times lower than among the rest.

During the follow-up period 12 patients died: 6 of them during
the first, 3 — during the second, 2 — during the third and 1 —
during the fourth year after the initial stroke.

Causes of death were: a recurrent stroke in 9 cases and a
progressive deterioration of the cerebral circulation and of the

cardiovascular system — in 3 cases. 6 patients died of other
causes — 2 of the coronary heart disease, 2 — of a malignant
tumour and 2 — of some unknown causes.

The 5-year recurrence rate of stroke was 18%.

Table 2

Distribution of the survived patients with ICA and MCA occlusive disease
according to prognosis groups

Group n %
| 9 18
1 12 24
11 n 22
v 18 36
Total 50 100

Table 2 shows the distribution of the survivors according to

prognosis groups.
Table 3

Distribution of the patients with hypertension (> 160/95 mm Hg) according
to the prognosis group

Group n % *
| 2 22

1 3 27
11 5 27
v 5 28

* Percentage of the total number of patients in each group.

46



The life-time table analysis gave an 89% probability of the
survival of the first year and a 72% probability of that of the
fifth year after ICA or MCA thrombosis.

Hypertension (< 160/95 mmHg) was measured in 13 patients
during their hospital stay. In the present material hypertension
was of no prognostic value (Table 3).

The survivors were divided into 3 age-groups (<40, 40—59
and 60 < years). Table 4 shows the distribution of the patients
according to age and prognosis.

Table 4

Distribution of the survivors according to the age and prognosis groups

Age
Group <40 40—59 60 <
n % * n % * n % *
| 2 22 6 28 1 5
11 3 33 5 24 3 16
11 2 22 4 19 5 26
v 2 22 6 28 10 53
Total 9 — 21 — 19 —
* Percentage of the total number of patients in each group.
The percentage of groups IlIl and IV was higher among the

patients aged 60 years or older compared with those younger
than 60 years (P<0.05). The percentage of the group | decrease
with increasing age with statistically significant differences bet-
ween the age-groups under 60 years (< 40 and 40—59 years)
and over 60 years (P<0.05).

Discussion

In the present series the patients had ICA or MCA occlusive
disease in different degrees (unilateral stenosis or occlusion or
bilateral lesion of the arteries), but the small number of the
cases has not allowed us to analyze the longterm prognosis
separately in each group of the patients. For that reason our
results are not fully comparable with those based on an analysis
of the highly selected material.

In the present study men prodominated among the patients,
which agrees with previous reports6-7, but the mean age of our
patients was much higher than has been reported earlier6,7. The
relatively old age-structure of the series may be partially respon-
sible for the results obtained.



The case fatality rate in the acute stage was 34%, which is
higher than has been found by other authors 6-7. The risk of death
was associated with the degree of the occlusive lesion, it was
higher in patients with a bilateral lesion of the arteries as well
as in MCA occlusion where the possibilities of the collateral
circulation are not favourable. The case fatality rate was lower
and the functional recovery was better in patients with the ste-
nosis or occlusion of the ICA.

Compared with the data of other investigators34-89 the pro-
bability of survival in the present series was relatively favourable.
The life-time table analysis gave a 72% probability of surviving
the fifth year. However, a similar probability of survival (78%)
has been reported by Waltimo et al.€ and Kaste et al.7 in patients
with ICA and MCA occlusion.

The main cause of death was cerebrovascular disease (a recur-
rent stroke) followed by coronary heart disease.

The functional recovery of the patients in this series was not
so good as reported earlier6 7. This might be due to the old age-
structure of the patients studied. The results of this study indi-
cate a more unfavourable outcome for the patients of older age:
the percentage of the patients fully independent in ADL or requi-
ring some assistance in ADL was significantly lower among the
patients over 60 than .in younger age-groups. The early and late
case fatality rate among the patients over 60 years was also much
higher than among the rest. It can be explained by the more
adequate state of the cardiovascular system and by better possi-
bilities to compensate for the functional deficiency at a younger
age.

As stated by other authors6, hypertension was of no prog-
nostic value.
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MPOFHO3 BOJIbHbIX C 3AKYMNOPKOW BHYTPEHHEW
COHHOW W CPEAHEW MO3roOBOW APTEPUMN

T. Tomb6epr
Pestome

C Uesfibio N3y4YeHUs TeYeHUs M MPorHosa npyv BepupULUPOBaHHbIX
OKKJ/TH03MPYHOLLMX MOPaXXeHUAX BHYTPEHHEIA COHHOMA WU cpegHelA MOo3-
roBoi/i apTepuin MnpoaHasiIn3MpoBaHbl K/IMHUYECKNE W KaTaMHEeCTU-
yeckme paHHble 83 60/IbHbIX, FOCMUTa/IN3NPOBaHHbIX B HEBPOJIOrn-
YecKoM oTAenieHUn TapTYCKOM KJ/IMHUYECKOMA 60/IbHULbI B 1967—
1973 rr. Mpooo/mKNTeNbHOCTL KaTamMHe3da 6Obuia © cpegHem 6 reT.
CpegHuiA Bo3pacT Yy MYX4YMH 6bln 53, y XeHWWH 63 roga. 16 60/1b-

HbIX VMeNn CcTeHo3, 39 60/1bHbIX — 3aKyMNOpPKY BHYTPEHHEIA COH-
HOLA apTepun, a 28 60/bHbIX — 3aKyrnopKy cpegHeii MO3roBoi
apTepumn.

KnuHnyeckoe TeudeHWe OCTPOIA CTagun MOPKEHUIA MarucTpasib-
HbIX apTepuiA Mo3ra okKasaJsiocb Haubosiee 6/1aronNpUATHBLIM  MpU
CTeHo3e BHYTPEHHEIA COHHOLA apTepunm U Hambosiee HebnaronpuaT-
HbIM — NPV OKKJ/IH03UWN CPeaHEeA MO3roBOiA apTepun U Mpu ABYCTO-
POHHEM MOpPaXXEeHWUW apTepuia. JleTanlbHOCTb B OCTPOLA  cTaguu
Tpomb6o3a cocTaBssa 34%.

B oTganieHHbIA nepuod 3aboneBaHuMs 18% BbINMCaHHbIX 60/1b-
HbIX CTa/IN MpPakKTU4YecKn 340p0oBbIMU, 24% 60MbHbLIX UMENN CTOMAKMNE
oCTaTOYHble ABMEHUS cpefHeld TsxecTu H 22% 60/IbHbIX OKasa/uchb
TSHKENbIMUA VHBa/IMAAMMN, KOTOPble HYXAa/IMCb B MOCTOPOHHEA Mo-
Moy, 24% 60MbHbLIX YMeEpSiM K3-3a HOBOF0 yXyALEHUS MO3F0BOro
KpoBooGpaweHns B pasHble CPOKW MOC/ie MEepPBUYHOI0 WHCYJIbTa,,
a 12% 60NbHbIX yMepau Mo Apyrum npudvHamMm. MeToaoM:BblvnUc/ie-
HUA Tabsiny, CMEpPTHOCTM YCTaHOBJIEHO, YTO BEPOATHOCTb BbDKMBa-
HMS B TeYeHVe MepBoro roga HabswaeHus paBHsAeTcs 89% u B Te-
yeHue nAToro roga — 72%.
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CEREBRAL GAS EXCHANGE AND CEREBROSPINAL FLUID
ACID-BASE BALANCE IN PATIENTS WITH CEREBRO-
VASCULAR DISEASE

A.-E. Kaasik, R. Zupping
Tartu State University

The main purpose of this paper is to give a review of the
results gained in some rather extensive studies of various arterial
and jugular venous blood concentrations and also investigations
into the CSF parameters in patients with two common types of
stroke. These results have formed the basis of several reports
presented at the meetings of neurologists from the State Uni-
versity of Tartu and from the University of Helsinki. Furthermore,
these data have been printed both in the Soviet scientific publi-
cations and abroad. Therefore, only the most important results
are described here and very few details are given on the study
material, methods, etc.

Material and methods

Investigations were carried out in a series of 54 consecutive
Tion-selected patients with intracerebral hemorrhage and a similar
group of 157 patients with an ischemic type of stroke, i. e. brain
infarction. The patients’ conditions showed various degrees of
severity; during the acute stage of the disease 28 persons with
intracerebral hemorrhage and 37 patients with brain infarction
died.

The arterial (A) and internal jugular venous (VJ) blood
samples were analysed for pH, pCO02 bicarbonates and p02 by
using the Radiometer electrodes and the Astrup technique. The
CSF pH was measured with a Radiometer electrode; the CSF
pC02 was derived by means of a modified Siggaard-Andersen
nomogram for pK= 6.13. The actual bicarbonate of the CSF
was calculated with the help of the Henderson-Hasselbalch equa-
tion. All samples were also analysed for lactate and pyruvate con-
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centrations. These analyses were performed with the colorimetric
methods of Barker-Summerson and Friedemann-Haugen, respecti-
vely. Statistical processing was performed by the use of an elect-
ronic computer /cf. 1,2/.

Results

The data given in Table 1 indicate that the most common find-
ing in these patients was a considerable decrease in CSF bicarbo-
nate, pC02 and pH with a concomitant increase in both CSF
lactate and pyruvate concentrations.

Table |
CSF acid-base parameters and lactate-pyruvate values (x+m)
Control group Cerebral . _Brair_1
hemorrhage iniarction
pH 7.338+0.005 7.306+0.006** 7.337+0.003
pC02 mmHg 46.3+0.6 41.1+0.8** 41.7+0.5%*
HCOrmEq/I 23.5+0.3 19.5+0.5** 21.1+0.2**
p02 mm Hg 41.2+1,4 39,1+ 1.7 41.5+1.3
La- mEq/1 2.03+0.12 5.11+0.29** 3.12+0.15**
Py- mEq/l 0.079+0.004 0.157+0.008** 0.110+0.003**
La-/Py~ 26.0+1.2 33.0+1.3** 28.2+0.8

** pCO.0l

The CSF lactate increase was correlated to the decrease of
CSF bicarbonate (r= —0.631 in cerebral infarction and —0.675
in brain hemorrhage) /3, 4/. In the patients with brain infarction
the decrease of CSF pCO02 was about equal to the drop in the
HCOI concentration and, therefore, the CSF pH remained un-
changed. However, in the intracerebral hemorrhage group the
decrease of the bicarbonate concentration substantially exceeded
the shift of the CSF pCO02 and this led to non-compensated
metabolic acidosis, i. e. to a decreased pH. Repeated investigations
showed that CSF lactacidosis was of the greatest intensity
during the very first days of the disease; thereafter is gradually
decreased, but the CSF lactate values were often considerably
higher even at the end of the second week from the onset of the
disease.

Table 2 gives the arterial and jugular venous blood acid-
base values recorded in both groups of the patients investigated.
These results indicate that a rather noticeable respiratory alka-
losis was present both in the cerebral venous and in the arterial
blood. The table gives the actual bicarbonate recordings whereas
the standard bicarbonate and the lactate-pyruvate values were
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Control group

Cerebral hemorrhage

Brain infarction

* p< 0.05
** p< 001

Arterial and jugular venous acid-base parameters (x+m)

pH

7.409+
0.003

7.470+
0.006**

7.440+
0.003**

Arterial
HCOI pco?
mm Hg mEq/1
40.0+ 24.5+0.3

0.6 0.3
32.5+ 231+

0.8** 0.5
33.5+ 22.7+-

0.6** 0.3*

p02
mm Hg

101.7+
19

81.0+
2.0**

79.2+
1.0**

pH

7.360+

0.005

7.408+
0.007**

7.387+
0.004**

pCor
mm Hg

48.4 +
0.7

38.8+
1.0**

41.1 +
0.6**

Jugular venous

HIro7
mEqg/1

26.2+
0.5

23.0+
0.6**

23.6+
0.4**

p02
mm Hg

43.0+

36.5+
1.1%*

355+
1.2%*

Table 2

(A—V)02
vol %

6.15+
0.20

7.23+
0.20**

7.49+
0.10**



normal, i. e. there were no considerable non-respiratory changes
in the general acid-base balance. Hence, arterial hypocapnia was
of a primary respiratory origin, i. e. was caused by pulmonary
hyperventilation. However, Table 2 indicates that the patients
were moderately hypoxic. Although the absolute decrease of
cerebral venous p02 was slightly less pronounced than in the
arterial blood, the results of the studies suggest that venous
hypoxemia was caused by an increased consumption of oxygen
from the blood unit circulating through the brain vascular net-
work, i. e a remarkably reduced CBF. A drop in the mean cere-
bral venous p02 from 43 mm Hg in the control group to 35.5 mm
Hg in the brain infarction group and to 36.5 mm Hg in the intra-
cerebral hemorrhage group seems to be physiologically more im-
portant than the decrease of the arterial p02 from 101.7 mmHg
to the corresponding values of 79.2 mm Hg and 81.0 mm Hg.
Furthermore, this conclusion derives also from the investigation
of cerebral arteriovenous oxygen differences based on the mano-
metric measurements of the total oxygen content, where the
changes in the cerebral arteriovenous difference directly reflect
the CBF alterations, although reciprocally /5—7/. Table 2 indi-
cates that the decrease of the 02 content was more marked in the
cerebral venous than in the arterial blood. The A—V oxygen dif-
ference was, therefore, increased and this was especially notice-
able in case of a good recovery.

The analysis indicated that the extent of changes in various
values was in a close relation to the clinical course of the disease
and to the severity of brain damage. CSF metabolic acidosis to-
gether with hypocapnia and hypoxemia of both the cercbral venous
and the arterial blood were, in comparison with the survivors,
remarkably more pronounced in patients with a fatal outcome. In
the intracerebral hemorrhage group the mean CSF lactate con-
centrations were 4.294=0.38 mEqg/1 for survivors and 5.884=0.39
mEqg/1 for Tionsurvivors, respectively. The corresponding values
for patients with brain infarction were 290=1=021 mEqg/l1 and
3.584=0.17 mEg/1l. The highest CSF lactate values were recorded
in deeply comatose patients with hemorrhagic strokes where the
mean value was 7.744=0.54 mEq/1l.

The mean values for the whole series indicated that low cere-
bral venous p02 in patients with stroke was connected with an
elevated CSF lactate concentration (Tables 1 and 2). However, a
special analysis revealed the existence of an ambiguous relation
between these parameters. If the cases with a relatively good
condition and with a favourable outcome of the disease were
analysed separately, the study revealed the existence of a con-
siderable reciprocal correlation between the decrease of the
cerebral venous p02 and the increase of the CSF lactate concen-
tration (r— —0.559 in patients with hemorrhagic stroke and
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r= —0.490 in the group of brain infarction). An entirely diffe-
rent situation was disclosed in the group of patients whose
condition was grave due to an extensive damage to the brain.
These patients were comatose and had a clear clinical picture of
brain stem involvement. In this group a severe CSF lactacidosis
coincided with a considerable increase in the cerebral venous
p02 to hyperoxic values and with a remarkably reduced A—V
oxygen difference (r=0.708 in patients with hemorrhagic stroke
and r= 0.711 in the group of brain infarction). In several cases
there was a good correlation between the deteriorating course of
the disease and the corresponding decrease of cerebral (A—V) 02
The conclusion is that in this condition the metabolic demands of
the brain decreased relatively more than the CBF, which led to a
state of the “luxury perfusion”. Another expression of the
“luxury perfusion” is the increase of jugular venous p02to super-
normal values, i. e more than 43 mm Hg. If this factor was kept
in view, a special analysis revealed that the patients with intra-
cerebral hemorrhage whose jugular venous p02 exceeded
43 mm Hg had the highest CSF lactate concentration
(7.30 mEqg/1) whereas the patients with JV p02 43—32 mm Hg
had “only” 4.30 mEqg/l lactate in their CSF. A quite similar
trend was disclosed in the group of ischemic strokes /8,9/.

All these differences had a clear-cut clinical appearance in
terms of the general condition, consciousness disorders, etc. This
is indicated in Table 3.

Table 3
Dependence of some recorded parameters on the clinical condition of patients
(x+m)
Control grou Moderately ill Deeply
g p Y comatose
CSF pH 7.338+0.005 7.322+0.006** 7.255+0.007**
CSF La-
mEqg/1 2.03 +0.12 3.97+0.36%* 7.74 +0.42**
JV p02
mm Hg 43.0 +1.0 34.0 £1.6** 435 +1.8**
A pCOr
mm Hg 40.0 +0.6 34.9 +0.4** 28.1 +1.2%*
** p<0.01

Table 3 indicates that CSF lactacidosis is substantially more
pronounced in the severe group, i. e. in the patients who were in
deep coma from the very onset until the fatal end of disease.
Furthermore, it is seen again that profounced CSF lactacidosis
coincides with a supernormal VJ p02 i. e the “luxury perfusion”,
and also with pulmonary hyperventilation.



Comments

It has been concluded that CSF acidosis points to the pre-
sence of brain tissue hypoxic acidosis, whereas cerebral venous
jhypoxemia indicates an insufficient brain oxygen supply, and
(venous hypocapnia shows a restricted carbon dioxide production
iwithin the intracellular compartment /1, 2/. The results of earlier
{experimental works /10, 11/ indicate that a reduced oxygen supply
leads to an anaerobic shift in glucose metabolism within the
jbrain tissue. This results in the production of excessive amounts
jof lactate in the brain. The actual site of lactate production is
the intracellular compartment. Due to a relatively slow diffusion
Irate, the extracellular lactate concentration will increase with a
jcertain lag and give a relatively long-lasting extracellular (i. e.
in the CSF) acidosis in brain /12/.

However, the presence of systemic respiratory alkalosis in
these patients renders the “hypoxic” explanation of CSF lactic
Macidosis into a subject of a certain criticism. It has been estab-
lished that an intra- and extracellular pH of the cerebral tissue
is regulated not only by means of physical-chemical buffering
Sreactions but also by metabolic adjustments. These are, at least
lin part, effective by means of modifications in the activity of aero-
bic glycolysis in the brain tissue, which is considered to be a
JpH-dependent process /13, 14/. Therefore, in order to analyse the
possible role of systemic respiratory alkalosis in an increased
output of lactate in the brain tissue, the above-mentioned mate-
rial was subjected to a special analysis. This study revealed that
CSF lactic acidosis was also present in the patients whose hyper-
ventilation was very mild or completely absent. Therefore, the
Iconclusion was that CSF lactic acidosis is first of all the result
jof a hypoxic damage to the brain and is only to a smaller extent
dependent on systemic alkalosis in patients with brain damage
/15/. Furthermore, the results of these studies indicate that the
;pathogenesis of respiratory alkalosis is ambiguous. Cerebral
I extracellular lactic acidosis is the most important factor which,
alongside with the upper brain stem damage, leads to the deve-
lopment of pulmonary hyperventilation /1,6/.

The presence of brain extracellular lactic acidosis coincides
| with several other biochemical disturbances within the cerebral
\tissure, viz. energy deficiency, disorders of the sodium pump, etc.
1/2, 10, 11/. These changes play their roles as secondary patho-
genetic factors which considerably determine the extent of brain
;damage. Figure 1 gives a tentative scheme of the events leading
to the formation of an ischemic focus within the brain. This
| scheme begins from occlusion but may as well start from ische-
Jmia, e g. in cases of cerebrovascular insufficiency, in acute
disorders of the systemic circulation and also in patients with a
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greatly reduced cerebral perfusion pressure, viz. intracranial
hematomas, cerebral edema, etc. Hence this scheme is valid for
the explanation of the damage to the brain tissue in various clini-
cal conditions where the leading cause of the disorder is hypoxia.
The results of various investigations have revealed that the
acidotic shift in the brain extracellular fluid pH may lead first
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Fig. 1. Pathogenesis of brain infarction

to active vasodilation and thereafter — to vasoparalysis /2, 16—
18/. The clinical investigations which form the basis of this paper
suggest the conclusion that cerebral lactic acidosis with its reflec-
tion in CSF metabolic acidosis is the trigger mechanism for the
luxury perfusion syndrome and also for such related events as
brain swelling, etc. However, the vasoactive influence of hydro-
gen ions can also be realized by means of local neurogenic mecha-
nisms, e. g. by altering the sensitivity of either smooth muscular
or neural elements to some other messenger of information like
active amines, potassium and calcium ions, etc. /19, 20/.
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Conclusions

Cerebral ischemia, which is the main cause of brain infarction

and the consequence of intracerebral hemorrhage, leads to brain
ttissue lactic acidosis. This is reflected in the long-lasting meta-
jbolic acidosis of the cerebrospinal fluid. Brain extracellular aci-
idosis is the main cause of the secondary circulatory and meta-
bolic disturbances within the affected cerebral tissue and thus
plays an important role in the determination of the extent of neu-
ral damage.

110.

11.

12.
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FASOOBMEH TOJIOBHOINO MO3NrA N KMCNAOTHO-

WEJTOYHOE PABHOBECUWE JIMKBOPA ¥ BOJIbHbIX

CcC cocyanctelMn 3ABONEBAHUNAMWN TOMNOBHOTIO
MO3IrA

A-3. A. Kaacnk, P. X. UynnuHr
Pesome

OCHOBHOU Le/Ibl0 HacTosieiA 0630pHOLA CTaTbW SABMSieTCA Mpea-
CTaB/leHMe pe3y/ibTaToB WCC/Ie40BaHUIA MO3roBOro rasoobmeHa wu
KUC/TIOTHO-LLE/OYHbIX MNapaMeTpoB JiIMKBopa Y 60/1bHbIX C UHMapK-
TOM rO/I0BHOr0 MO3ra U BHYTPMMO3rOoBbIM KpPOBOM3NUSHUEM. Mccne-
A0BaHUA OblLIM nNpoBeAeHbl y 54 60/IbHbIX C FemMopparvyeckum u y
157 nauueHToB C MLLIEMWUYECKUM WHCY/IbTOM.

YCTaHOB/IEHO, 4YTO MNpU 'MLLIEMUYECKOM WHCY/bTE B JIMKBOpE Xa-
pakKTepHbIM CAOBUIFOM 0Kas3asjloCb Ha/iudmMe KOMIMEHCMPOBaHHOIO, a
npy remopparmMyeckoM WHCYJ/ibTeé — HEKOMMEHCMPOBAHHOI0 MeTabo-
/INYeckoro aumpgosa. [MaBHOA MpUUMHOIA auuposa JIMKBopa SBU-
N0Cb HaKoM/IeHMe JslakTaTa. YCTaHOB/IEHO TakKXe, 4T0 MpuynHa
NnakTauuaosa NMKBOpa — LUUPKY/ATOPHAA TKaHeBas IUMOKCUA Tro-
NoBHOro mo3ra. O6 3aToM CBUAOETENbCTBYET BblpaXeHHas BeHO3Has
rMNoOKceEMMA Mo3ra W, 0CO6GEHHO, — YBEJ/INYEHME apTepMo—BEHO3HOI
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paszHuubl Mo3ra nmo 02 OgHaKo B 4acTu c/y4daeB MH(papKTa Mo3ra
[v BHYTpMMoO3rosoro KpoBoobpaliLeHUs, rae 6buUIn 3aperncTpupoBaHbl
;CBEPXHOpPMasibHble BeSIMYMHbI P02 BEHO3HOM KpOBU FOSIOBHOMO MO3-
|[ra n cokpaweHne apTepro—-BEHO3HOMA pasHMuUbl Mo 02 noBblleHNE
AKOHLEHTpauuKM slakTaTa ib JIMKBOpe 0Kasasiocb 60siee BblpaXXeHHbIM,
YyeM Mpu HU3KUX BenmuuHax p02 CriegoBaTesibHO, TUMOKCUYECKUIA
|aumpos ronoBHOro mo3ra npuMBOAUT K M3ObLITOYHOA, MNpPEeBbIWAOLWEI
JmeTabonunyeckme noTpebHOCTM TKaHW, MNepdy3nn rosIOBHOMO0 MO3ra.
MpepnonaraeTcs, YTO BHEK/ETOYHbIA auunao3 [OelACTBYET B OBe CTa-
V. BHavasie pa3BMBaeTCA aKTUBHas BasoAuaTaumsa, npy npogos-
XXEHUN W Yrny6neHun auuaosa cocTosHMEe nporpeccupyeT A0 Baso-
napasimya —¢ TakMMU TMPUCOEAVHANWUMUCA  HapyLIeHUAMMN, Kak
3aCTOA W MOSIHOKpoBME. Takum 06pa3oM, FUMOKCUYECKUIA aumao3
«ArpaeT 60/bLUYI0 poSib B pa3BUTUM oTeka Mo3ra. Kpome Toro, auu-
003 MO3roBOMA TKaHW 00bIYHO MPUBOAUT K FMMNEPBEHTUMALMN JIErKUX.
HOCﬂe,qHﬂﬂ BblpaXaeTcaA B pasBUTUN CyULLeCTBEHHHOro AdbliXaTeslb-
HOr0 asikasio3a, KOTOpblA He CBfA3aH C JioKa/m3auvetdi mMopgosioru-
YEeCKOro TropaXeHus B Mo3re.
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ACTIVITY OF LACTATE DEHYDROGENASE OF THE
CEREBROSPINAL FLUID AND OF THE BLOOD IN PATIENTS
WITH BRAIN INFARCTION

A.-E. Kaasik, IM. Roose
Tartu State University

Earlier studies have revealed that any cause of hypoxia leads
to a considerable acidosis of the cerebral tissue. The main reason
for the development of the brain tissue metabolic acidosis is the
accumulation of lactic acid which is formed in the process of
anaerobic glycolysis in the intracellular compartment. Thereafter,
the lactate is rather slowly diffused into the extracellular fluid
and creates long-lasting metabolic acidosis of the cerebrospinal
fluid (1). The present investigation was aimed at measuring the
activity of the enzyme lactate dehydrogenase (LD), which is a
catalyzer for the main reaction of glycolysis which hydrates pyru-
vate into lactate. The latter is the end product of the anaerobic
breakdown of glucose in the mammalian tissues. Hence, the in-
creased activity of the enzyme, may be helpful for the diag-
nostics of liypoxia even before a pronounced lactic acidosis deve-
lops.

Material and methods

The investigations were performed in a series of 42 patients
with ischemic stroke. The patients were investigated in a consecu-
tive order; no special selection was made. All of them had brain
infarctions which were limited to one of the cerebral hemispheres.
Most of the patients were in a severe or median general condition
and all had a pronounced neurological deficit. During the hospital
treatment 12 of them died. The mean age of the patients was 68
years.

The control group of 10 subjects with the mean age of 52
years was composed of clinical patients in whom no evidence of
central nervous system disease was found, but lumbar puncture
was done for diaghostic purposes.
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The activity of LD and of the isoenzyme LDj was determined
Jin the CSF and in the arterial blood serum by means of the kine-
I tic method. The analyses were performed twice — in the first
and on the second week of the disease. The measurements were
made by means of the Swedish reaction velocity analyzer (Reac-
tion Rate Analyzer 2086) and the chemicals were obtained from
jBoehringer, Sigma (West Germany). The activity of the enzyme
was determined at a temperature of 25°C and the results were
expressed in international units (1.U.).

Results

The results of the determinations are shown in Table 1 Both
3 in the control group and in the diseased groups there was no
I relationship between the CSF LD activity and the protein or the
cellular content of the CSF.
Table 1
The activity of LD and LD, of the CSF and blood In patients with brain
infarction (x+m LTJ)

Studied CSF Serum
groups LD LD, LD LD,

Brain infarction

First week 71x7* 39+9* 251+12* 140zt 7*
Second week 95+33* 61+20* 315+39* 204+31*
Control group 24+2 13+1 171 +10* 81+5
*P<0,05

The table indicates that the mean activities of LD and LDi of

the CSF and the blood serum in patients with brain infarction

I considerably exceeded the corresponding control values (P <

0.05). This was valid both for the first and for the second week

f of the disease. The correlation analysis revealed that the LD and

j LDj activity changes were fairly closely related both in the CSF
(r= 0.680) and in the serum (r= 0.460).

Table 2

The activity of LD and LD, of the blood depending on the outcome of the
disease (x+m 1.0.)

Studied First week Second week
groups LD LD, LD LDi
Survivors 233%11 1367 236x19 152+30
Nonsurvivors 329+£28* v 188%21* 465+105* 288+74
*P<0.05
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Table 2 gives the dependence of the blood serum LD and LDi
activity on the outcome of the disease. The table reveals that
the increased activity of the enzymes indicated a poor prognosis.
This was especially noticeable during the second week of the
disease. The activity of LD and LD] in the blood serum was
remarkably higher in the cases with a fatal end of the disease
(P<0.05). In the last subgroup of the patients the activity of
LD even increased during the second week of the disease. How-
ever, due to a small number of cases this shift was only at the
border of statistical significance. In the cases with a favourable
end of the disease the enzyme activity did not change conside-
rably during the second week of the disease.

The comparison of the CSF enzyme activity depending on the
outcome of the disease also revealed a clear trend towards the
increase of this parameter in nonsurvivors. The mean values for
LD and LD, of the CSF were 64+22 |.U. and 36+9 |.U. in survi-
vors versus 79+30 |.U. and 44+19 1.U. in nonsurvivors. How-
ever, this difference did not go beyond the limits of veracity.

Discussion

The earlier investigations of our group have revealed that
arterial hypoxemia and respiratory alkalosis, which often develop
in patients with brain infarction, considerably, enhance the
already existing cerebral tissue hypoxia (2,3). However, there
are no considerable generalized metabolic acid-base disorders and
the lactate concentration of the arterial blood remains normal in
these patients (1). Nevertheless, the results of the present study
still disclose the metabolic effect of some systemic hypoxia.

The cerebral tissue is rich in LD (4). A destructive process
should therefore release the enzyme into the CSF. In acute brain
infarction, the elevated enzyme activity depends on the temporal
relationship between the incident and the removal of the CSF and
the size of the infarct. Therefore, the increased activity of LD in
the CSF should reflect the corresponding change in the cerebral
parenchyma.

Oxygen deficit is the trigger for the LD activation and thus
sets going the glycolytic pathway of carbohydrate metabolism.
The resulting increase of the tissue lactate concentration in its
turn activates the activity of the anaerobic isoenzymes LD4 and
LD 5 with a concomitant inhibition of the aerobic isoenzymes LDi
and LD2 In other words, hypoxia in itself leads to the anaerobi-
zation of the LD spectrum in the tissue fluids (5). The presence
of a clear positive correlation between the alterations of the
lactate concentrations and the activity of LD have also been
established by other investigators (6,7). From this point of view
it is difficult to explain why the activity of the LD of the CSF
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did not increase substantially in the fatal cases of this series.
I It has been established that the CSF lactate concentrations are
high in these patients (1). It is possible that the relatively mild
increase of the net activity of LD depended mostly on the
anaerobization of the isoenzyme spectrum under the conditions of
hypoxia.
A considerable increase in LDj an isoenzyme of predominantly
cardiac origin, is most likely the reflection of the cardiac disease
i in these patients which is either a pre-existent disorder or
develops after stroke. These hitherto preliminary results suggest
that several secondary pathogenetic factors which are evoked by
cerebral ischemia tend to maintain the pathologic conditions not
only in the brain but also in the myocardium.
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AKTWUBHOCTb 3H3MMA NAKTAT-AErMAaPOreHA3bI
NNKBOPA N KPOBW ¥ BOJIbHbLIX C MHPAPKTOM
FOJTIOBHOINO0 MOS3TrA

A-3. A Kaacuk, M. WN.-®. Poose
Pe3ome

OCHOBHOM LUEeMbl0 HaCTOAWEro uccsefoBaHUA SABUI0CL U3YyYeHue
3H3MMa JaKkTtaT-germngporeHasbl (J146), gABnsAlowerocs kKaTanusa-
TOPOM [/1aBHOM peakumu F/IMKonm3a, B xoge KOTOpoMA nupyBaT rua-
pupyeTcsa B /1akTaT.
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MccnepoBaHusa 6biiv mpoBedeHbl y 42 60/IbHbIX C ULWLEMUYECKUM
MHCY/IbTOM. YCTaHOBJIEHO, 4YTO akTuBHOCTb J1AI snnkBopa n apTe-
pUasibHOIA  KPOBU Mpu MHGapKTe T[OJ/IOBHOFO MO3ra 3HauuTesibHO
npeBblliasia aKTUBHOCTb 3TUX 3H3MMOB Y JINL, KOHTPOJ/IbHOA Fpyrnnbl.
MNoBbIlWEHNE aKTUBHOCTU 3H3MMOB SBJISETCA MPOrHOCTUYECKU Heba-
ronpuATHbIM  MNPU3HAKOM, CBUAETESIbCTBYOWMM 0 CYWECTBEHHOMA
aHaspobusaumm obmMeHa TrJ/1l0Ko3bl. YCTaHOBJIEHO, 4YTO KMC/0poAHOe
rosofaHve npuBOAUT He TO/IbKO K MOBbIWEHU akTuBHocTwv J14T,
HO M K aHaspobumsaumm cnekTpa 3SH3UMa.
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CHANGES IN THE CEREBROVASCULAR TONUS RELATED
TO THE PROGNOSIS OF CEREBRAL VASCULAR DISORDERS

E. Lausvee, T. Tomberg, M. Magi

Tartu State University

The prognosis of a cerebrovascular disease often depends not
so much on its primary etiology as on the severity of secondary
cerebral metabolic disturbances (hypoxia, lactacidosis, etc.) which
are quite similar in different nosological entities and possibly
are reflected in some similar changes in the cerebral vascular
tonus, too. To support this hypothesis the rheoencephalographical
(REG) changes comparable according to the clinical condition
and outcome but different in etiology were analyzed.

Methods and Patients

The REG recordings (n=158) of 36 cases of an acute spon-
taneous subarachnoid hemorrhage (SAH) have been compared to
the REG (n=129) of 48 cases of cerebral infarction (Cl) in the
middle cerebral artery supply area and to the REG of 50 healthy
subjects at a medium and at an advanced age. The patients were
divided into 4 groups according to the severity of their clinical

condition: | — 21 cases of SAH, having only meningeal signs
and a mild unilateral motor and/or sensory deficiency in some
cases; Il — 15 cases of SAH, being in a severe condition, with
pronounced disorders of consciousness and brain-stem signs due
to recurrent hemorrhages or cerebral ischemia; 1l — 31 cases of
Cl with a mild unilateral motor and sensory deficiency and a
favourable course of the disease; IV — 17 cases of Cl, having a

severe extensive unilateral deficiency of cerebral functions.

A 4-chanriel rheograph with a working frequency of 100 kHz
connected to an electroencephalograph has been used. Bilateral
frontal-mastoidal (F-M), frontal-central (F-C), central-temporal
(C-T) and occipital-mastoidal (O-M) recordings have been ob-
tained (at the time constant 0.3 sec). In this paper the quantita-
tive REG values are given only for F-M recordings.

5 3aka3 Ne 4081
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The following REG parameters were estimated: a) the ampli-
tude of the REG wave (A) in ohms, which characterizes the
maximum oscillation of the cerebral pulsatile blood volume;
b) the product of A multiplication to the heart frequency (A.f)
reflecting the pulsatile blood volume in a minute; c) the ratio of
the anacrotic part of the curve (a) to the heart cycle time (T),
i.e. a/T%, reflecting the tonus of the cerebral arteries; d) in-
dexes Ai and Ah proposed by Simonson (cit. by Eninya 1), i. e
the percentage of the height of the REG wave’s catacrotic part
at 0.25 and 0.5 intervals from the amplitude peak to the end of
the wave to A. It has been suggested that Ai reflects the tonus
of the small cerebral arteries and arterioles, Ay reflects that ol
the cerebral veins.

The mean normal values of these parameters were:
A = 0.110+0,003; A.f = 7.48+0.5; a/T% = 15.2+0.6;

Ar= 85.0+2.4; An= 49.0+2.1.

Results

Both groups of patients with a mild neurological deficiency
and a favourable course of the disease (I — SAH, Il — CI)
were characterized by a marked rise in the cerebral vascula
tonus (I. a/T% = 19.3+0.8; Ai=102.5+3.5 (P<0.01); Il
a/T%'=20.8+0.7 (P<0.01)), a decrease in the pulsatile bloo(
volume (I: A=0.098+0.003 (P<0.01); Ill: A=0.082+0.004
Af.= 5.69+0.34 (Pc0O.0l)), sometimes together with a relativ'
increase in the venous blood volume (I: Auy=59.5+1.".
(P<0.01)). The REG changes were bilateral but more pro
nounced on the affected side.

In cases of SAH with a severe clinical condition (group Il
the decrease of A and the rise of An were more marked (A=
0.077+0.004; An= 68.5+2.9 (P<0.01)), but the rise of a/T°/
and Ai were less than in group | (a/T% = 17.5+0.7; Ai=
= 95.6+2.4 (P<0.01)). The REG changes were bilateral an
diffuse. In cases of recurrent hemorrhage with the developmer
of large intracerebral hematomas or in cases of a progressiv
deterioration of the patient’s condition (deep coma) the comb;
nation of very small pulsatile blood volume oscillations with a
extensive decrease in the arterial tonus were found regularly.

The REG signs of cerebral vascular hypotonia were also see
in cases of large Cl (group 1V), i.e. the rise of the pulsati!
blood volume (A = 0.128+0,015;A.f. = 8.87+0.92 (P<0.05)) \uo
combined with a relatively low arterial tonus (a/T% = 17.1=t1l
(P<0.05)). These changes were bilateral and extensive, in mo:
cases a significant interhemispheric difference of parameters WZ
observed only in regional recordings (C-T).
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Discussion

This study revealed that changes in the cerebral vascular
tonus were quite similar regardless of different primary etiopatho-
genetic factors of cerebral affection. In cases when only signs of
a mild unilateral hemispheric neurological deficiency occurred and
the course of the disease was favourable, the most consistent find-
ing was the diminuation of the oscillations of the pulsatile blood
flow and a rise in the tonus of the cerebral arteries and arterioles.
In cases of SAH it was obviously caused by the neurogenic and
humoral vasoconstriction (arterial spasm) inducing a certain
Jamount of cerebral hypoxia2,3, in cases of Cl| it was probably
brought about by neurogenic changes in the systemic and cere-
bral blood flow induced by focal cerebral hypoxia and by some
'systemic hypocapnia and alkalosis 4-5

It has been demonstrated by several authors that regardless
of the etiology in cases of a severe cerebral affection (especially
with the brain-stem deficiency signs, coma, unfavourable or fatal
jbutcoine), there occurs progressively increasing cerebral lactaci-
Mosis. The lowering of the pH of the cerebral interstitial tissue
induces paralytic cerebral vasodilatation and loss of the cerebral
jvascular tonus and the CBF autoregulation6-78 We suppose
that the REG signs of cerebral vascular hypotonia in cases of
SAH and CIl with a severe clinical condition reflect this process
and, consequently, they are indicators of the patient’s severe con-
dition and of an unfavourable prognosis.
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M3IMEHEHWA TOHYCA MO3roBblX COCYAOOB
B BABUCMMOCTWM OT MPOIMHO3A OCTPbIX COCYAOWNCTHbIX
3ABO/IEBAHUWUIN TONOBHOIM0 MO3rA

3. A JNaycses, T. A. Tombepr, M. A. Msaru

Pe3wome

MeTopgom peosHuedanorpa®unu  U3yyYeHbl U3MEHEHUA TOHYyca
MO3rOBbIX COCY[0B B 3aBUCUMMOCTWU OT TeyeHUs U TMporHosa npu
pasHbIX BWAax MO3roBbIX MWHCY/IbTOB. Bcero mnposBegdeHbl 158 P3Ol
uccnenoBaHia y .36 60/IbHbIX B OCTPOIA  CTaAuM  CMOHTAHHOIo
cybapaxHoHAanbHoro kposomsnuaHua (CAK), 129 P3I y 48 60/b-
HbIX WHGapkTom Mo3ra (UM) wu 50 P3I y uy KOHTPOsIbHOIA
rpynnbl. BonbHble ¢ CAK n UM 6binn nogpasgeneHbl Ha 4 noa-
rpynnbl N0 TSKECTU HEBPOSIOFNYECKOA CUMMTOMATUKN.

Mo KonnyecTBeHHbIM faHHbIM P3Ol y 60nbHbIX ¢ CAK n UM
npy MasiOBbIPaXKEHHOLA HEBPO/IOrNYECKOMA CUMMTOMaTuUKe M 6aro-
MPUATHOM TeyeHUU 3abosieBaHMA HabnwOaN0Cb BblpaXeHHoe Mo-
BbllLeHNe TOHYCa MO3roBbIX COCY/[0B PasHOro kKaambpa n CHWKeHue
NysibCOBOr0 KPOBEHAroJ/IHEHUA, WHOrga BMeCcTe C OTHOCUTESIbHbIM
yBe/INYEHVNEM BEHO3HOIM0 KpoBeHanosiHeHuUs. Y 6onbHbIX ¢ CAK B
TSXKE/OM COCTOSHUM OTMeYasiocb 6osiee 3HaYUUTEsSIbHOE CHVDKEHUE
Ny/1IbCOBOIN0 KPOBEHAMOJ/IHEHMA B COYETAHMU CO CPaBHUTESIbHO MeHee
BbIp@XXEHHbIM MOBbIWEHNEM TOHYyca cocyaoB. [Mpn obwmpHbIX UM
MMesl0 MeCcTO CHMXEeHWe TOHyCa MO3roBbIX COCY0B BMeCTe C rMOBbl-
LEeHMEM My/1IbCOBOIN0 KpPOBEHAMOJSIHEHUSA.

Mo Hawwum wccriefoBaHUAM, He3aBUCUMMO OT 3Tuosiorum 3abone-
BaHUA, TAXENOe rMopaxeHwe TroJI0BHOM0 Mo3ra CconpoBOXAaeTcs
nosiB/IeHWEM TrUMOTOHUM COCYA0B T[OJ/I0BHOMO0 Mo3ra. 3To, Mo-BUOH-
MOMY, SBJ/IS€TCA BbIpKEHMEM Mapa/INTUYECKOIA  BasoaunATauumn
MO3roBbIX COCY/0B M3-3a pa3BUTUA MPOrpeccmpyrolLero nakraumaosa
MO3roBOIA TKaHW.
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REGIONAL CEREBRAL BLOOD FLOW IN THE ACUTE
PERIOD OF ISCHEMIC STROKE

M. Mé&gi, T. Tomberg, R. Zupping
Tartu State University

Measurements of the regional cerebral blood flow (rCBF) in
the acute period of cerebral ischemic stroke have been performed
at this laboratory from the year 1974 onward. This paper briefly
summarizes the main results.

Methods and Patients

The Xenonl3 clearance method of the rCBF measurement ela-
borated by Ingvar and Lassen 2 has been used. After an intra-
carotid injection of 0.2— 1.0 mCi Xel® in 2—5 ml of saline full
10-minute Xel1RB clearance curves were recorded. The calculations
of the rCBF were made on the basis of the height/area method
according to the formula:

rCBF = ArHOTA\ HI™,

where A is the diffusion coefficient of Xel33 HO and H w denote
the intensity of gamma-activity immediately after the injection
and after 10 minutes, A signifies the area under the clearance
curve.

The recording device was the Soviet multidetector system
“Xenon-1". The rCBF has been measured in three relatively large
regions, viz. frontal, temporal and parietal.

This report gives the results of the rCBF measurement in 60
cases of acute cerebral hemispheric infarction: 58 of them in the
supply territory of the middle cerebral artery an 2 in the territory
of the anterior cerebral artery. The mean age of the patients was
64.44:1.6 years and it varied from 37 to 84 years. 10 patients
died in the hospital, the others were discharged with a more or
less pronounced neurologic deficiency.
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In most cases cerebral angiography, rheoencephalography
(REG), the determination of p02 pC02 pH in arterial and cere-
bral venous blood were also performed.

In 15 cases rCBF was measured before and after the intra-
venous administration of 60 mg of papaverine hydrochloride and
in 13 cases before and after the intravenous injection of 240 mg
of aminophylline.

Results

1 The spontaneous rCBF

The mean hemispheric rCBF of the patients was 31.9+1.2
ml/100 g/min, i.e. significantly less than the normal rCBF at this
age: 45—55 ml/100 g/min 2-3-45 The mean rCBF values in the
frontal (31.2+1.3), temporal (32.3+1.3) and parietal (30.5+1.4)
regions did not differ significantly. However, in 195 per cent
of the cases marked individual differences (over +20%) from
the mean CBF were revealed in different regions. Relative hype-
remia was more often disclosed in the temporal region and rela-
tive ischemia in the parietal region.

The mean rCBF of the patients over 65 was significantly less
than in the younger age-group (30.2+1.8 and 33.9+1.5
ml/100 g/min, respectively; P<0.05). However, since the corre-
lation between the CBF and the age was low (r= —0.1491), one
can presume that a decrease in the CBF did not depend directly
on the age itself but on the origin of larger ischemic foci at an
older age. The connection between the decrease of the CBF and
the severity of infarction has also been confirmed by the fact that
the rCBF in the group of the patients who died in the hospital
was significantly less than in the group with a good recovery
rate (27.0+2.2 and 33.3+1.7 ml/100 g/min, respectively; P<0.05).
No significant difference of the mean rCBF was found during the
first three weeks of the diseace (31.8+1.5 ml/100 g/min in the 1st
week, 33.4+2.7 in the 2nd and 31.1+3.6 later).

The patients with arterial hypertension (the arterial blood
pressure over 160/95 mm Hg) had to some extent a smaller mean
rCBF than the normotensive patients (30.7+2.0 and 32.5+1,5
ml/100 g/min, respectively). Probably, this was also due to the
origin of larger ischemic foci in the patients with prolonged hyper-
tensive changes in the cerebral blood vessels. We could not reveal
diffuse disturbances of the CBF autoregulation (with the depen-
dence of the CBF on the level of the systemic arterial pressure).
There was no correlation between the rCBF and the mean arterial
pressure (r= 0.0273). The mean rCBF of the patients with an
increased blood viscosity (with the blood hemoglobin content
over 15.2/100 ml, i.e. 95%) was significantly less than in the
group with a normal blood viscosity (29.2+1.5 and 34.2+1.9
ml/100 g/min, respectively; P<0.05).
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The increase of the arterial pC02 was correlated with some
rise in the mean rCBF (r= 0.3603). The moderate reverse cor-
relation (r= —0.3935) between the mean rCBF and the cerebral
arterial-venous p02 difference was revealed but there was no
correlation between the rCBF and the arterial pH (r=—0.2321).

We could not find any significant correlations between the
CBF and the main rheoencephalographic (REG) parameters: the
amplitude (A) and the relative length of the anacrotic phase
(a/T%). Therefore, we cannot confirm the possibility of eva-
luating the cerebral blood flow by the amplitude of the REG (A)
value what is sometimes presumed in the rheoencephalographic
studies. One can suppose that rheoencephalography is a valuable
noninvasive method for the evaluation of pulsatile changes in the
cerebral blood volume and of the tonus of cerebral vessels but not
directly of the blood flow in the brain tissue.

2. Changes in the rCBF caused by vasoactive drugs

After the intravenous injection of 60 mg of papaverine hydro-
chloride (in 15 cases) a significant increase in the mean rCBF
was observed: from 31.8+1.7 to 38.9+2.5 mI/100 g/min (P<0.05).
However, in one case of a severe infarction the rCBF decreased
in 2 regions and in 4 cases in 1 region. The relative increase of
the rCBF (in %) was most pronounced in the temporal region
(+34%). The relative increase did not correlate with the abso-
lute value of the rCBF before the injection, with the mean arte-
rial pressure, with the patient’'s age and had only a moderate
reverse correlation with the blood hemoglobin content and with
the severity of infarction. The absolute increase of the rCBF (in
ml/100 g/min) was slightly more in the patients under 65 years,
with the arterial blood pressure under 160/95 mm Hg, in the first
10 days of the disease, in the group with the rCBF over 30 ml/100
g/min before the injection.

After an intravenous injection of 240 mg aminophylline (in 13
cases) the decrease of the rCBF was common: the mean rCBF
decreased from 32.1+2.4 to 29.3+1.5 ml/100 g/min. However, in
4 cases (all of them from the group with an unfavorable final
outcome) the mean rCBF increased from 23.0+3.0 to 30.0+3.0
ml/100 g/min. When these cases were excluded from calculations,
a significant decrease in the rCBF was revealed: from 36.1+ 1.8
to 28.9+1.8 ml/100 g/min (P<0.02). More remarkable changes
(in both directions) were observed in the temporal region. The
correlation of the changes (in %) to the patient’s age and to the
blood hemoglobin content was slight, to the mean arterial pres-
sure and to the severity of infarction being moderately reverse.
Regional differences of the rCBF were smoothed in most cases.

We could confirm the observations of other authors 6>7 about
paradoxical reactions of the CBF under the influence of vaso-
active drugs. The *“intracerebral steal” syndrome described by
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Olesen and Paulson 6 was also observed in severe cases of cere-
bral infarction after the injection of the cerebral vasodilating
drug papaverine hydrochloride and the opposite syndrome, i. e
the “Robin Hood syndrome” (Skinhoj a. Paulson7) was seen
after the injection of the cerebral vasoconstricting drug amino-
phylline. These paradoxical reactions reflect the regional loss of
the autoregulation of the cerebral blood flow due to severe meta-
bolic disturbances in the area of large cerebral infarction. The
above-described changes in the rCBF under the influence of papa-
verine hydrochloride and aminophylline match well with our
electro- and rheoencephalographic observations on the influence
of these drugs on the brain function, the brain vascular tonus
and the pulsatile blood volume.
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PEFMOHA/IbHbBIA OBBEMHBIN MO3roBOWM KPOBOTOK
B OCTPOM MEPUOAE WWEMWYECKOIO UHCYNbTA

M. A. Marn, T. A. Tom6epr, P. X. LynnuHr
Pesiwome
MccnepoBaHne 06bLEMHOro Mo3roBoro kKpoBoToka (OMK) wme-

TOAOM  K/IMpeHca  KceHoHa-133 'y 60 60/1bHbIX  WHMApKTOM
60/1bLUMX MOSTYLIapUIA roSIOBHOMO0 MO3ra MokKasasio, 4YTo WX cpeaHuiA
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OMK (31,9+1,2 mn/100 r/MuH) 6bU1 3HaUMTESIBHO HMXKE BO3pacT-
HOMA HopMbl. TMMoHwxeHne OMK coOTBETCTBOBasio  KJ/IMHUYECKOMY
ucxony 3abosieBaHuA. Y 60MibHbIX cTapwe 65 neT cpegHmia OMK
0Ka3asici CyLecTBEHHO HuXe, 4em B 6osiee MO/1040IA BO3PacCTHOLA
rpynne. ¥ 60/1bHbIX C apTepnasibHOM runepTeH3neid Bbliwe 160/95 mMm
pT. CT. Ny 60/bHLIX C coAepXaHWeM remorsiobuHa B KpPOBU CBblLle
1522 r/100 mn (95%) OMK 6bul 3HAUNTE/IbHO HWkKe, 4YemM Yy 60sib-
HbIX, Y KOTOpPbIX 3TW MapameTpbl He A0CTUTra/IM YyKasaHHbIX npeae-
nos. OMK wnmen ymepeHHYK Koppenauuto c apTepuvasibHbIM Map-
LuasibHbIM  [aBfIEHVWEM YI/IEKUCION0 rasa W YMepeHHY o06paTHYylo
KOppensayuio ¢ apTepno-BEHO3HO pasHuUEA MnapunasibHoOro paasrie-
HMA Kucnopoda B rosioBHOM Mo3sre. Koppensumii OMK ¢ 0CHOB-
HbIMW NapamMeTpamMu peosHuedanorpaMmmMbl He Obl10 BbISB/IEHO.

Mocne BHyTpmBeHHOro BBedeHWs 60 mr nanasepuvHa (y 15 60/1b-
HbIX) Hab6nwganocb yBennveHne OMK (ot 31,8+1,7 pgo 38,9+2,5
mn/100 r/muH; P<0,05), nocne BHYTPMBEHHOro BBeAeHUA 240 Mr
aypmnnnHa (y 13 6osibHbIX) npeobnagano ymeHblweHne OMK (oT
32,1+2,4 po 29,3+1,5 mn/100 r/mMuH). Y HEKOTOpPbIX 60JIbHbIX C
rpy6biM WHMAapKTOM FO/I0BHOM0 MO3ra OTMe4dYa/iucb napajokKcasb-
Hble peakuun OMK, KoTopble O6buIM BbI3BaHbl HapyLleHWEM aBTo-
perynsaummM Mo3roBoro KpoBOTOKa.
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BLOOD VOLUME AND EXTRACELLULAR VOLUME
DYNAMICS IN STROKE

U. Noormaa, L. Luts, H. Vadi
Tartu State University and Tartu Clinical Hospital

Patients with stroke have rather frequently cardiovascular de-
compensation and it is regarded as one of the risk factors of
cerebral ischemia The volume and distribution of blood and the
extracelluar space are the main regulating factors of the circu-
lation of blood and the stability of the cardiovascular system 2

This study was designed to determine whether the blood
volume (BV) and the extracellular volume (ECV) is altered in
patients with stroke and whether this alteration corresponds to
the type of stroke, its severity and outcome, circulation disorders
and to the patient’s sex and age.

Material and methods

The study included 80 patients with cerebral infarction (Cl)
and 38 patients with cerebral and subarachnoid hemorrhage
(CH). 42 of 80 CIl patients (52.5% of the cases) survived with
a slight and moderate neurological deficit, 26 (32.5%) — with
a great neurological deficit and 12 (15.0%) — died within the
first month of the illness. The data on CH were accordingly —
18 (47.4%), 6(15.8%) and 14(36.6%). The main risk factors for
stroke were atherosclerosis, hypertension and cardiovascular de-
compensation.

ECV was measured by rhodanid in percentage of body
weight3 The control values were 24.24:0.75% of body weight.
Rapid plasma volume (PV) was determined by the use of radio-
iodinated serum albumin (RISA)4>5 in the first week of the ill-
ness. Evans blue (T-1824) 4 was used in repeated dynamical PV
studies. The total blood volume and the red cell volume (RCV)
were calculated from PV by the use of whole body hematocrit
(Ht). The data of rapid BV, PV and RCV are represented in per-
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centage of excess or deficit of the predicted normal BV and its
components, determined according to the patient’s sex, body type,
weight and surface area 6. In addition, Ht, serum sodium and
potassium concentrations and total protein were routinely recor-
ded.

Results
Both studied groups — cerebral infarction and cerebral he-
morrhage — showed a decreased blood volume and its compo-

nents (Table 1). In cases of Cl the decrease of BV was dependent

Table 1
Blood volume and its components in the first week of stroke
x+ S.D.
—
o
8o Deficit of Deficit of Deficit of
(4] 0,
Group  § 5.2 Age HE (%) BV (%) PV (%)  RCV (%)
552
Z an
Cerebral
Infarction 80 67+8 46.8+0.41** — 18.6+0.94* —21.6+0.85* — 17.1+1.11*
Cerebral
hemorrhage 26 61+8 45.4+0.44 — 18.9+4.8* —20.5+4.2* __18.3+4.6*

* — different from the controls, P<0.05
** — CI| different from CH, P<0.05

on the predominant loss of PV. As a result of the PV decrease,
there was a significantly higher mean Ht value compared to the
controls and CH. In cases of CH the mean value of the total BV
deficit was the same as in Cl, but there was no predominant PV
loss compared with the RCV loss.

BV and its components normalized only within 2—3 weeks of
the illness in cases of stroke with good recovery; in fatal cases the
positive dynamics of BV and of its components was absent.

Table 2 gives BV and its components correlated to the clinical
outcome and the severity of brain damage.

There was a great difference in BV and its components’ level
in Cl and CH patients, having a different outcome — recovery
or lethality. No difference was mentioned when severely disabled

and lethal Cl patients’ BV and the values of its components were
compared.

In addition, BV, PV and RCV values were correlated to the
corresponding cardiovascular decompensation (Table 3).
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Blood volume
Results of
Group patients
studied
Cerebral infarction
survived with a slight
neurological deficit 30
Cerebral infarction
survived with a great
neurological deficit 29
Lethal cerebral infarc-
tion 12
Cerebral hemorrhage
survived with a slight
and moderate neurologi-
cal deficit 15
Lethal cerebral hemorr-
hage 9
* —different from controls, P<0.05

*%

and its compoients correlated to clinical

Age

67+8

73+8

64+ 4

65+4*

57+8

X+ S.D.

Ht (%)

48.9+0.27*

46.3+0.73

47.1+ 0.84**

45.3+0.40

43.9+0.42

— lethal cases different from survived cases, P<0.05

Table 2

outcome and severity of brain damage

Deficit of

BV (%)

— 12.9+1.25*

—23.9+1.49*

—25.2+2.07**

—11.9+2.8*

—22.3+3.8**

Deficit of

PV (%)

— 14.6+1.69*

—25.7+1.37*

—28.7+3.92**

— 14.8+3.2*

—25.4+2.8**

Deficit of

RCV (%)

— 12.4+1.09

—25.7+1.29

—28.2+2.27**

— 13.2+2.2*

—12.1+ 1.8*



Table

Blood volume and Us components correlated to cardiovascular decompensation

X+ S.D.
Number of
- Deficit of Deficit of Deficit of
Group patients Age Ht (%
R o 9 (%) BV (%) PV (%) RCV (%)
Cerebral infarction without
cardiovascular decompensa-
tion 15 68+4 46.2+0.24 —20.0+3.03* — 19.2+3.80* — 16.2+2.65*
Cerebral infarction with
cardiovascular decompensa-
tion 12 70+8 47.4+0.42** —26.85+0.87** —28.8+0.44** —26.0+0.84**
Cerebral hemorrhage
without cardiovascular de-
compensation 8 66+4 45.0+1.24 — 18.6+2.33* — 14.0+2.33* — 19.8+3.42*
Co"ebral hemorrhage with
cardiovascular decompensa-
tion 8 60+8 44.2+0.82 —29.05+5.04** —30.1+5.74** —27.3+3.8**
* — different from controls, P<0.05
** — stroke with cardiovascular decompensation different from stroke without cardiovascular decompensation,

PCO0.05



Table 3 shows that the deficit of the blood volume and of its
components was significantly higher in cases of Cl and CH with
cardiovascular decompensation. In Cl cases there was a predo-
minant PV loss compared to the RCV loss, which resulted in
higher Ht values of these patients.

The blood volume values were correlated, in addition, to the
patient’s age and sex, but no correlations were found between
patient’s age and sex and blood volume.

Thus, in this group of patients with stroke, the decrease in BV
and its components appears to be related not to the type of
stroke but to the severity of the brain damage and the clinical
outcome. Thus, patients with a great neurological deficit and a
lethal outcome demonstrated the lowest blood volume, while
those with a mild neurological deficit had only a slight BV
deficit. On the other hand, BV values were influenced by cardio-
vascular decompensation.

In 34 patients with stroke the ECV was measured. Our data
demonstrated an ECV deficit in cases of Cl in the first week of
the illness: x+ S.D.= 21.1+ 1.0% of body weight compared to the®
normal values — 24.2+0.75% of body weight, P<0.05 and to’
the mean values of ECV in CH — 26.2+1.6% of body weigkt. In
the 2—3 week of the illness the mean ECV value had normalized
in cases of CIl. In addition, ECV expansion in patients with a
severe stroke (28.5+1.0% of body weight, P*<0.05) and ECV
depletion in the patients over 75 years (20.6+0.9% of body
weight, P-C0.05) compared to the controls was found. Also a
positive correlation between BV and ECV was ascertained, but
it was not significant because of a small number of patients
simultaneously studied (n=12).

Data analysis correlated to the topical neurological diagnosis
of brain damage did not produce any differences.

Water-electrolyte balance studies were not performed in our
cases. Blood serum sodium was elevated (146.8+0.64, P<0.05)
and potassium decreased (3.82+0.12, P<0.05) in severe Cl. In
severe CH the data were accordingly for sodium — 148.4+0.44
P-C0.05 and for potassium — 3.83+0.14, P<0.05. Hypernatremia
was found in 25.2%, hyponatremia in 15.0%, hypokaliemia in
18.2% and hyperkaliema in 22.4% of the cases of stroke. The
mean serum total protein values were elevated in both — CI and
CH.

No correlations were found between BV and its components
and arterial blood pressure values.

As it requires special attention, BV and ECV values were not
correlated to the patients’ infusion-transfusion therapy. But we
have to mention that studies of the body water compartments
were performed on patients with stroke in conditions of intensive
care.

78



Discussion

The total blood volume of normal adults remains remarkably
constant2-3-4. In conditions of disease the deficit of BV an espe-
cially circulating blood volume there occurs, causing hypoper-
jfusion of tissues and disorders of metabolism 2 It is reported that
hypovolemia develops in acute brain damage (brain injury, brain
operations?), less is known about its occurrence in stroke8
According to the present study there develops a moderate deficit
of rapidly circulating BV in the first week of Cl and CH. Further-
more, there is also an ECV deficit in the first week of Cl. Several
hypotheses about the pathogenesis of hypovolemia and dehydra-
tion in brain damage are discussed 9.

The brain is the control centre for the regulation of the body
water compartments 9 Therefore BV and ECV depletion occurs
particularly in hypothalamic lesion 9. On the other hand, hypo-
volemia develops frequently as a result of severe stress 10 This
seemed likely in our patients, in which the BV deficit was merely
dependent on the severity of brain damage. In a severe stroke the
blowing factors as hypoxia, high extrarenal losses, hyperthermia,
tracheotomy, and tube feeding with high protein solutions may
also account for hypovolemia and ECV dehydration 9 But our
severe stroke patients experienced ECV expansion which was
associated with hypernatremia. In addition, a low ECV in CI
compared to normal ECV was found in the first week of the ill-
ness. There occurs more frequent cardiovascular decompensation
without edema before ClI compared to CH, thus it is possible that
extracelluar dehydration and hypovolemia of the PV deficit in CI
had developed earlier. Both the above-mentioned pathological
tchanges are possible causes of cardiovascular decompensation,
which is counted as a risk factor of stroke and of cerebral hypo-
perfusion 3-4

We were not surprised to find hypovolemia in cardiovascular
decompensation, as has already been reported 2 These both are
frequently interrelated but their primary nature remains some-
times unsolved 2 In hypovolemia and in cardiovascular decom-
pensation rheological properties of blood worsen because of
Nincreased erythrocyte and platelet aggregation and hypercoagul-
ability, resulting in a decrease of rapidly circulating BV and in
a sequestrated BV n. Thus, the circulating blood volume is divided
into three parts: rapidly and slowly circulating and congestive
portions 5 It may be the cause of circulating hypoxia 5 The back-
ground of the above-mentioned mechanisms are, possibly, systemic
vascular diseases — atherosclerosis and hypertension.

When hypovolemia develops, there occur compensatory mecha-
nisms — vasoconstriction, water retention and transcapillary
influx of interstitial fluid 2 Transcapillary refill is diminished in
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an ECV deficit2 As serial Ht did not significantly decrease in
our CIl patients, the mechanism may have been present. In
contrast, in CH because of a normal ECV transcapillary refill
occured, which resulted in lower Ht values compared to Cl. In
addition, two aspects of the present study deserve comment. The
first is ECV expansion and hypernatremia in severe stroke, the
second is ECV depletion in patients older than 75. Both these
results agree with earlier studies 4-9.

As we have mentioned before, there was no correlation
between BV values and the arterial blood pressure in stroke. It
was not surprising that in a BV deficit over 30% initial hyperten-
sion diminished but no remarkable hypotension developed. At the
same time, on the basis of our findings and of those of other
investigators2-3 4, it is clear that there is no reliable way of
assessing the adequacy of BV. The only way for the determina-
tion of the adequacy of BV are studies on the direct blood and
extracelluar volume, which are needed especially for stroke inten-
sive-care patients. The question that remains unanswered in the
present study is how disorders of the body water, compartments
depend on the patients’ infusion-transfusion therapy. Special stu*”
dies may provide the necessary clues. N
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OVHAMUKA OBBEMA LUPKYNWUPYIOWEN KPOBU
W BHEK/NETOYHOINO MPOCTPAHCTBA TMPW WHCY/NbTE

Y. A. Hoopmaa, J1. JI. NlyTc, X. B. Bagn

Pe3tome

B pa6oTe npmBoAgsATCA AaHHble 00beMa LMPKY/IMPYIOWEIA KPOBU
(OLK) ” ero KOMMOHEHTOB, a TakKXe 06bemMa BHEK/IETOYHOro Mpo-
cTtpaHcTBa (OBIM) B gvHammke y 80 60/IbHbIX C WULWEMUYECKUM
(MN) w y 38 60nbHBLIX € remopparndyeckum wuHcynbTom (IF'A).
BbIACHWM0Cb, 4YTO Yy 60/IbHbIX C WHCYJ/IbTOM, HEe3aBMCUMO OT €ero
(hopMbl, BO3HMKaeT ymepeHHbIl fedhnumT OLLK n ero KomMnoHeHTOoB
Ha nepBoiA1 Hefdene 6GonesHwn. Fvnosonemus Oblia 6osiee BbipaXkeHa
npy TAXENOM MOopaXeHUU rosIOBHOr0 Mo3ra, Mo cpaBHeHUIO ¢ 60-
nee nNérknmn gopmamum mHcynbTa. OLLK cHuXaeTcs B CBA3WM C npe-
VMYLLECTBEHHbLIM CHMXeHUeM ob6bemMa nnasmbl (OM) npu W, npwu-
BOAALWMM K MOBbIWEHUNIO remMaTokpuTa. Y 60/bHbIX ¢ U K Tomy
xe gedmumt OBl BO3HMKaeT Ha MepBOA Hedernie 60/1€3HM, TaK Kak

V v 60nbHbIX ¢ ' BblleykKa3aHHas naTosiormsa oTcyTcTBoBasia. bonee
TsHKEMasd runoBosieMUs M MNOBbIWEHHbIA OBI 6bUM 0TMedeHbl Mpu
VHCY/IbTe TSHKEMoA cTeneHn. MoTeps OBI 6blia oTMedYeHa Takxe
y160/IbHbIX C WHCY/IbTOM cBbllwe 75 net, a gedpmumt OUK — B
3aBUCMMOCTU OT CepaevHO-COCYAVNCTOM HeaocTaTOuYHOCTU. B cTaTbe
ONCKYTUPYIOTCA BOMPOCblI MaToreHesa paccTPOACTB BOAHbIX CEKTO-
poB opraHusMa W MX 3HaAYeHUA TMpU UHCYSIbTE.
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INTRAVASCULAR PLATELET AGGREGATION IN STROKE

U. Noormaa, iM. Teder

Tartu State University

Previous animal studies have shown that platelet-activating
substances can produce platelet aggregates and, secondarily,
cerebral ischemia and hypoxia |. It is therefore possible that brain
mdamage with occurrence of platelet-activating substances (ADP,
thrombin, catecholamines, free fatty acids, etc.) induces platelet
abnormalities that promote microaggregate formation or vaso-
constriction and thereby extend the area of the previously dama-
ged brain.

The aim of this study was to determine whether acute cere-
brovascular disease — transitory ischemic attack (TIA), cerebral
infarction (Cl) subarachnoid hemorrhage (SAH) and cerebral
hemorrhage (CH) — is accompanied by intravascular platelet
aggregation (IPA) in the cerebral venous blood and in the syste-
mic circulation, and whether the increase of circulating platelet

aggregates (CPA) has any significance and prognostic value in
stroke.

Materials and methods

The study included fifty-two stroke patients: suffering from
TIA (10), cerebral infarction (19), subarachnoid hemorrhage
(11); in 5 of these cases suffering from the rupture of saccular
aneurysms of the brain vessels and from cerebral hemorrhage
(12). The mean age was for TIA x+ S. D.= 58+4, for Cl — 67+4,
for SAH — 48+4 and for CH — 58+4 years. The study embraced
24 men and 28 women. The diagnosis of stroke was based upon
anamnesis, neurological investigation and lumbal puncture. In
addition, angiography, electro-, rheo- and echo-encephalography
for diagnostic purposes were also made use of. In cases of TIA,
cerebrovascular arterial insufficiency took place in the carotid
system in 8 cases and in the vertebro-basilar system — in 4 cases.
In 3 patients with TIA and in 3 cases of Cl stenosis of the internal
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carotid artery was found. The basis for cerebrovascular disease
was atherosclerosis in 68+8% of the cases and hypertension in
24+8% of the cases. Cardiovascular decompensation was diag-
nosed in 20+8% (TIA), 52+8% (Cl) and 50+6% (in SAH and
CH) of the cases. Thromboembolic phenomena in Cl were: myo-
cardial infarction (3), pulmonary infarction (4), femoral artery
occlusion (3) deep vein thrombosis (3), and in CH: pulmonary
infarction (3) and renal infarction (1). In the first month of the
illness 21+8% of the patients with Cl and 27+8% — with SAH
and 30+8% with CH had a fatal outcome.

The data of patients were compared to the data of 2 control
groups: | — 20 healthy persons (donors), the mean age 24+8
years; Il — 15 patients without symptoms of systemic vascular
disease, but having neurosis and postconcussion headaches with-
out a neurogical deficit, the mean age 64+8 years.

Platelet counts, intravascular platelet aggregation,‘i. e. circu-
lating platelet aggregates according to Wu and Hoak 2 and the
percentage of aggregated platelets were studied. The percentage
of CPA was expressed as
(platelet count EDTA — platelet count EDTA-fformalin) X100%

platelet count EDTA

In addition to platelet studies, activation of the coagulation
system were determined by a RB-naphtol test3 All data were stu-
died in 1—3, 4—7, 8— 14, 15—21 and 22—28 days of the illness
in the systemic venous, arterial (A) and internal jugular vein
(V) blood samples. The 1JV blood was derived by the puncture
of the superior bulb of 1JV. Siliconised equipment was used. As
there was no difference in data on the systemic arterial blood
samples compared to the systemic venous ones, only the mean
values of the arterial blood are given in Table 1

Results

According to our data (Table 1), intravascular platelet aggre-
gation and coagulation system activation were absent in young
healthy persons. Few platelet aggregates observed were depen-
dent, possibly, on vessel puncture and sampling technique 2 In
patients with nonvascular brain diseases a slight intravascular
platelet aggregation was found, without any difference between
the systemic and the cerebral venous blood samples. In 12+4%
of the cases, also activation of the coagulation system and free
thrombin activity was observed according to the R-naphtol test.
In contrast, there was a significantly higher IPA compared to the
control groups of patients with stroke (Table 1). The percentage
of circulating platelet aggregates were highest in cases of CH
compared to the other patients with stroke. As a rule, CPA were
statistically significantly higher in the 1JV blood samples versus
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Intravascular platelet aggregation
X+ 2S.D.

Platelets -103/u1

Days of
Groups illﬁess
A [RAV
I Control group 240.0+4.1
Il Control group 238.2+6.2 239.1+4.8
TIA 1 240.0+14.8 251.0+25.4
2—7 252.0+12.1 248.1 + 18.4
cl 1-73 194.0+6.412 181.6+6.8123
4—7 196.0+16.012 177.0+13.112
8— 14 192.0+10.012 177.0+10.0123
15—21 190.0+24.812 190.0+28.0
CH 1—3 195.5+18.812 188.0+18.1
4—7 181.0+14.112 170.0+9.0123
8— 14 172.0+17.512 167.0+8.312'3
15— 21 170.0+16.01 2 164.0+10.812
SAH 1—3 220.0+12.4 193.0+12.0123
4—7 212.0+14.8 194.0+13.812"
8— 14 200.0+£0.0! - 174.0+12.012:
15—21 210.0+24.812 MO.0O+H.B12-
1 — dif'erent frcm | control group, P<0.05
2 — different frcm |l control g;oup, P<0.05
3- different of I1JV blood samples compared to arterial

in stroke

fo of aggregated platelets

A

6.4+1.8
13.6+2.2
30.0+2.412
19.0+2.412
62.8+3.312
56.2+3.912
30.1+2.912
30.0+3.0*2
67.8+1.512
68.3+2.7* 2
55.9+5.812
50.0+4.812
42.0+4.1 32
30 0+4,7* 2
22.0+2.012
20.0+2.112

blood

v

13.7+2.2
42.1+4.81-'3
22.0+4.812
67.4+3.812
61.6+3.2*>2'3
50.0+3.8123
45.5+6.9123
81.4+7.0123
76.5+7.212
68.0+2.8*2
62.8+3.812
50.0+4.2*2
00+1.6*-2
200+ 2.112

samples, P <0.05

Table 1

B-naphtol test

0
0.13+0.02
0.50+0.412
0.42+0.41
1.56+0.2" 2
2.25+0.112
2.80+1.0'2
2.00+0.812
1.40+0.112
2.27+0.212
4.00+0.001'2
4,00+0.00112
05+0.4* 2
10+0 9 r
10+0.412
! #'+0.-112

v

0.13+0.02
0.56+0.412
0.50+0.41
1.96+0.2* 23
2 17+ 0.812
271+ 10*2
2.00+0 812
2.20+0.1123
3.50+0.2123
4.00+0.00.123
4.00+000°12J
050+0 412
182+0.112'3
i.0+0 4*a4
0+0.412



Table 2

Relationship between clinical outcome and intravascular platelet aggregation in stroke
x * 2s.D.

0,
Platelets- 103/pl % of aggregated R-naphtol test

platelets
Groups Qays of
illness
A [NAY] A [NAYZ A [NAYZ
| Stroke with good * 1—7 195.0+13.8" 178.0+12.11 50.0+2.41 55.0+6.0' 1.1+0.4' 1.3+0.4'
covery 8— 14 230.0+25.4 221.0+28.11 44.7+2.6' 50.0+4.8" 0.4+0.7 1.3+0.3'
15—21 248.0+17.4 218.0+19.6 25.9+2.71 44.7+2.6' 0.4+0.3 1.5+0.4"
Il Severe and 1—7 169.0+14.612 141.0+8.412 80.7+3.6'2 84.0+3.8-2 1.6+0.4'2 2.1+0.412
stroke 8— 14 174.0+ 17.512 156.0+10.012 75.4+5.112 80.7+3.6'-2 2.2+0.212 2.5+0.212
15— 21 182.0+18.812 162.0+12.012 48.1+4.812 72.0+6.012 2.5+0.312 3.5+0.412

1 — different from
2 — different from

(0]0]
cn

control groups, P<0.05

I group,

P<0.05



the systemic arterial ones. The R-naphtol test was positive in all
types of stroke (Table 1). The high level of CPA correlated well
with the R-naphtol test (r =+0.68, P<0.05). An increased IPA
and activated coagulation lasted up to one week in TIA, up to
two weeks in SAH and up to four weeks and more in patients
with CH and CIl. The severity and duration of IPA and activated
coagulation correlated well with the severity of the neurological
deficit and the clinical outcome of stroke. In Table 2 mean
values of CPA and of the RB-naphtol test are compared to the
severity of stroke. | group: patients were with a slight and mode-
rate stroke and a recovery without a disabling neurological defi-
cit. 1l group: patients were with an outcome of a severe neurolo-
gical deficit (disorders of consciousness, speech, hemiplegia, etc.)
or death in the first month of the illness. As can be seen from
Table 2, CPA and the R-naphtol test were more pronounced in
patients with severe and lethal stroke compared to patients with
good recovery.

In addition, there was a good correlation between the severity
of IPA and the thromboembolic phenomena — myocardial, pulmo-
nary and renal infarction, deep vein and peripheral arterial
thrombosis (Table 3). In cases of stroke with thromboembolism,
IPA and soluble fibrin according to the R-naphtol test were more
increased than without these complications.

Table 3

Relationship between systemic intravascular platelet aggregation and
thromboembolic complications in stroke x + 2S.D.

Platelets % aggregated R-naphtol
Groups - 10d/]il platelets test

| Stroke without
thromboembolic
complications 200.0+12.01 50.0+7.21 2.10+0.51
Il Stroke with

thromboembolic

complications 108.0+10.012 72.0+4.012 3.60+0.212
1 — different from control groups, P<0.05

2 — different from | group, P<0.05

According to our data, a relationship was established between
IPA, activated coagulation and the severity of cardiovascular
decompensation (Table 4) and the increased IPA and higher
values of the B-naphtol test, as well as the more pronounced car-
diovascular decompensation. So, also we found the highest IPA
and soluble fibrin in cases of stroke with cardiovascular decom-
pensation in Ilb — Ill stage. There was no relationship between
the intensity of IPA and blood coagulation system activation and
topical diagnosis of brain damage and the patients’ age and sex.
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Table 4

\ Relationship between systemic intravascular platelet aggregation and
cardiovascular decompensation in stroke x+2S.D.

Platelets % of aggregated 3-naphtol

Groups *KF/pi platelets test

Stroke without
cardiovascular
decompensation 229.1+12.0 36.0+5.11 2.2+0.41
Il Stroke with car-
diocascular de-
compensation
in stage lIla 198.9+20.012 55.0+6.012 3.5+0.7123
Il Stroke with car-
diovascular de-
compensation in
stage Mb—HI 177.9+15.0123 66.0+5.0123 2.6+0.61

1 — different from control groups, P<0.05
2 — different from | group, P<0.05
3 — different from Il group, P<0.05

Discussion

Thus, according to our results, there are activation of the
coagulation system and the spontaneus circulating platelet agg-
regate formation in the blood, i. e intravascular platelet aggre-
gation in stroke. These findings were more pronounced in the
blood derived from a damaged brain (IJV blood samples) com-
pared with the systemic arterial ones. Recent data, not available
when this study began, confirm platelet aggregate formation in
all types of stroke — TI1A 45 cerebral infarction4 56, subarach-
noid hemorrage46 and cerebral hemorrhage6. It has also been
established that experimental cerebral ischemia produces platelet
aggregates 7, and moreover, platelet aggregates have been found
in recent cerebral infarction at human autopsies 8 It has been
reported that the size of the final cerebral infarction may depend
on the adequacy or the failure of the collateral circulation 9. Plate-
let aggregates may contribute to delayed postischemic hypoper-
fusion by obstructing the cerebral microcirculation or by stimulat-
ing vasoconstriction 9. Moreover, substances released from plate-
let aggregates in contact with vascular endothelium may promote
the formation of cerebral edema by increasing vascular permeabi-
lity ,0. Just how cerebral ischemia and damage .affect platelet
Junction is yet unknown, but locally ischemic cerebral tissue can
release catecholamines, arachidonic acid or thromboxane A2
(TxA2), substances that activate platelets11,12. According to our
edata there also occurs activation of the intravascular coagulation
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system with thrombinemia in stroke. The main factors producing
intravascular coagulation in a damaged brain are release of brain
thromboplastin (phospholipid) from a damaged brain tissue, sta-
sis and hypodynamics from vascular spasms of the brain vessels,
brain hypoxia with cerebral local lactacidosis and a local hemo-
static response in SAH and CH. Platelet activation may be unop-
posed by prostaglandin 12 (PG 12), which is produced by a nor-
mal vascular tissue. PGI2 inhibits platelet aggregation and oppo-
ses the vasoconstrictive action of TxXA2 produced by platelets. It is
possible that the formation of PGI2 in the brain is diminished
during cerebral ischemia, the result might be to permit platelet
aggregation and to increase the size of the damaged area 13

In summary, transient platelet aggregation in cases of brain
vascular damage may represent a hematological response to the
brain tissue injury and, as it has been shown experimentally,
circulating platelet aggregates may accumulate within the small
blood vessels in the ischaemic cerebral hemisphere 7. Platelet agg-
regation may thus contribute to the propagation of the brain
damage. In addition, IPA accounts also for thromboembolic comp-
lications and cardiovascular decompensation in stroke. Due to the
worsening of the rheological properties of blood it can also lead
to serious hypoperfusion in the microvasculature of different
organs causing multiple organ insufficiency. A pronounced IPA
induces disseminated intravascular coagulation 14

Thus the intravascular platelet aggregation is an important
pathogenetic factor in stroke and a prompt use of the agents that
effectively prevent this aggregation could be an important ad-
junct in the treatment of stroke.
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BHYTPU COCYAWNCTAA ATPErAumMa TPOMBOUWTOB
NP MHCYNbTE

Y. A. Hoopmaa, M. A. Tegep

Pesome

MpuBoaAaTCcA pe3ynbTaTbl AMHAMWNYECKOr0 WUCC/e[0BaHNSA BHYTpU-
CcoCyAnCTO arperayny TPomMOOUMTOB ib CUCTEMHOMA apTepuasibHOA 1
B MO3rOBOIA BEHO3HOM KpoBU Y 52 60/1bHbIX C MHCY/IbTOM. BbISACHU-
710Cb, 4YTO He3aBUCMMO OT (OPMbl WHCYy/SIbTa HabnwagaeTcs MNoBbl-
LleHHas BHYTpPHcOcyAMcTas arperayms TpoMO6OUMTOB U aKTMBauus
CBEPTbIBAOWEIA CUCTEMbI KpPOBW, MpPeEBasIMPYOLIME B MO3roBOMA Be-
HO3HOLA KPOBM MO CPaBHEHMUIO C AaHHbIMW CUCTEMHOM apTepuasibHOIA
KPOBW.

Bbilweyka3aHHass natosiorvust 6bi1a 6osblie BbipaXeHa Yy 60sib-
HbIX C remopparveti rosloBHOro Mo3ra, Mo CpaBHEHWI C 60SIbHbIMU
C WH(papKTOM FO/I0BHOFO MO3ra, C¢ cybapaxHOHAa/IbHbIM KpPOBOW3-
INSHUEM ” C NpeaxoAsawuMy HapyLleHUsMU MO3roBoro Kposoob6pa-
LeHuns.

MoBbllWEHNE BHYTPMUCOCYAUCTO arperaumm TPOMOOUMTOB 6bl10
nponopuuoHasibHO  TSHKECTu VMHCY/1IbTa,  TPOMOG0O3IMOO/TNYECKHM
OC/TOKHEHUSIM W YBESIMYEHUID CTEMEHM XPOHUYECKOIA cepaeyvHo-Cco-
CYOMCTOLA He[oCTaTOYHOCTU. ABTOpPbl CUMTAOT BHYTPUCOCYAUCTYHO
arperayuto  TpomM6GOLMTOB [AOKazaHHbIM KOMMOHEHTOM MaToreHesa
COCYyAUCTbIX 3ab0/1eBaHMIA  FO/I0BHOM0 MO03ra, Tpebyluwunux cooTBeT-
CTBEHHOI0 J1eYEHMS.
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POLYACRYLAMIDE — GEL DISC ELECTROPHORESIS OF
NATIVE CSF AND SERUM PROTEINS IN PATIENTS WITH
CEREBRAL INFARCTION

K Parts
Tartu State University

Diseases of the central nervous system are often characterized
by a pathological, composition of the cerebrospinal fluid (CSF). At
normal or moderately raised total protein values some processes
such as impairment of the blood — CSF barrier and immune
reaction — cannot be diagnosed without electrophoresis (1),
especially gel disc electrophoresis. This technique requires only
a small quantity of sample and has a high resolution. Paper
electrophoresis is 200-fold less sensitive than polyacrylamide-gel
disc electrophoresis (2). CSF specimens have been analysed by
this electrophoretic technique chiefly in patients with multiple
sclerosis and infectious diseases, little informatsion has been
obtained about the vascular diseases of the central nervous sys-
tem. In the present study disc electrophoresis was applied to the
fractionation of CSF and of serum proteins in patients with
cerebral infarction.

Material and Methods

188 patients with cerebral infarction (age range 33—85 vyr,
mean age 64.3) were studied (Table 1). The patients were divided
into two groups according to the severity of the brain damage:
156 protein samples were obtained from patients with light or
moderate hemiparesis and without disturbances of consciousness,
32 protein samples were obtained from patients with deep hemi-
paresis or hemiplegia and with disturbances of consciousness.
Lumbar punctures were carried out during the first days after the
onset. Samples from 40 control subjects (age range 18—56 yr,
mean age 30.7) were obtained from patients without organic
diseases of the central nervous system.

In the present study the fractionation of CSF of serum pro-
teins was performed by way of polyacrylamide-gel disc electro-
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Table 1

Sex and age distributions

Cerebral infarction

Control i
group Total Moderate Severe brain
cases brain damage damage

Males 25 90 1 13
Females 15 98 79 19
Total 40 188 156 32
Age range 18— 56 33—85 33—85 38—82
Mean age 30.7 64.3 63.7 67.3

‘phoresis according to the method of Ornstein and Davis (1964).
The CSF used was native, unconcentrated. Gel scanning was per-
formed with a densitometer constructed in the Tartu State Uni-
versity. The densitometric trace was divided into 9 zones: pre-I-
albumin, pre-Ill-albumin, albumin, a-globulin, transferrin, slow
R-globulin, y-globulin, a2-macroglobulin and R-lipoproteid. Rela-
tive migration (R), defined as the ratio of the distance transver-
sed by each protein zone to the distance of the whole front, was
measured.

The total protein content of the CSF was determined by the
method of Lowry.

The serum protein concentration was measured by a refracto-
meter.

The lactic acid concentration in the CSF was determined by
the method of Barker and Summerson.

Results

Table 2 presents the data obtained by estimating the content
of the protein zones in CSF in mg/100 ml.

It can be seen that the mean values of all CSF protein zones
and total protein were elevated. Especially increased values of
y-globulin and macroglobulins were noticed in patients with
severe brain damage.

More information was obtained by the calculation of the rela-
tive concentrations of the protein zones of the CSF and of serum
(Table 3).

A normal CSF contains pre-albumins 8.00, a-globulin 1.43
islow R-globulin 1.61 times relatively more than serum, Y-globulin
0.39, macroglobulins 0.28 times less than serum.

In patients with cerebral infarction the percentage of the pre-
albumins and slow R-globulin decreased and vglobulin increased,
1 e. the protein composition of the CSF changed toward the pro-
tein composition of the serum, which depends on the severity of
damage to the blood — CSF barrier (1, 3).
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Table 2

Protein zones of CSF in patients with cerebral infarction

(x + m)
Cerebral infarction
Protein zones Control Moderate Severe
(mg/100ml) group Total eases brain brain
damage damage
Pre-I-albumin 3.30+0.11 3.81+0.08 3.61+0.08 4.64+0.25
Pre-ll-albumin 0.24+0.01 0.98+0.09 0.77+0.06 1.97+0.40
Albumin 19.14+0.88 36.44+1.45 32.63+1.18 54.62+5.17
«—globulin 4.59+0.25 8.67+0.39 7.45+0.24 14.53+1.65
Transferrin 4.22+0.16 9.00+0.57 7.47+0.24 16.32+2.79
Slow R-globulin 2.70+0.13 5.01+0.23 4.36+0.13 8.14+1.04
Y -globulin 3.63-+-0.19 11.73+0.73 9 33+0.46 23.59+2.91
a2-macroglobulin 0.28+0.03 0.89+0.11 0.59 "0 04 2.02+0.51
R-lipoproteid 0.28+0.03 0.75+0.08 0 54-+¢-0.03 1.78+0.36
Total protein r8.85+1.15 78.35-J-3.66  67.15-'-2.09 13! .93+15.75
Table 3

Protein relative concentrations of the CSF and of serum (CSF/Serum) (x + m)

Cerebral infarction

Prtoein Control
rou Total Moderate Severe
zones 9 P brain brain
cases

damage damage
Pre-1 + lIl-albumins 8.00+0.52 4.73+0.15 4.98+0.17 3.53+0.28
Albumin 1.14+0.03 1.18+0.02 1.18+0.02 1.14+0.06
a-globulin 1.4'3+0.09 1.50+0.03 1.51+0.04 1.43+0.07
Transferrin 1.0(5+0 07 1.03+0.02 1.02+0.02 111+0.06
Slow R-globulin 161+0.11 1.41+0.06 144+0.07 1.24+0.15
Y-globulin 0.39+0.02 0.53+0.01 0.49+0.01 0.71 +0.05
Macroglobulins 0.28+0.03 0.35+0.02 0.32+0.01 0.50+0.05

This change is remarkable in patients with a severe brain
damage.

Table 4 shows the data obtained by correlation between the
content of the CSF protein zones and the CSF lactic acid con-
centration.

It can be seen that the content of pre-albumins, y-globulin
and macroglobulins in the CSF has a correlation with the lactic
acid concentration in the CSF.

It is known that CSF acidosis indicates the presence of
anaerobic glycolysis and acidosis in the brain tissue, and this
occurs due to severe brain damage (4.5).
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Fig. The patterns of polyacrvlamide-gel disc clcctrophoretic proteins of norinal
composition (1) and of cerebral infarction (11). Abbreviations: S = serum;
C == cerebrospinal fluid.

In the present study a close relationship was established
between the severity of brain damage and the changes in the
content oi CSF protein zones in patients with cerebral infarction.

Tab 1le |

Correlations between the CSF protein zones (expressed in percentage of total
protein in mg/100 ml and in the ratio of the protein relative concentrations
of CSF and serum) and the CSF lactic acid concentration

. CSF % sc

Protein zones % oz ° m rum %
Pre-l-albumin —0 027 0.479* 0.279
Pre-ll-albumin (,.51 0.361* 0.279
Albumin —_ 0.284 —0.260
a-globulin — 0.1b0 0.201 —0.200
Transferrin 0.447 m 0.286 0.i72
Slow R-globulin —0.166 0.413* —0.108
Y-globulin 0.462* 0.578* 0.590*
«2-macroglobulin 0.445* 0.278 0.434*
R-lipoproieid 0.3.-0* 0.388* 0.324
Macroglobulins 0.366* 0.478* 0.411*
Total protein — 0.447* —_

* Pc; 005
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SNEKTPO®OPE3 BE/IKOB CMWHHO-MO3rOBOWM
KXKNOAKOCTWN N CbIBOPOTKWN KPOBW

HA MONMTMNAKPUNITAMNAOHOM TENE Y BONIbHbIX
C NHPAPKTOM IFO/IOBHOIO0 MO3TrA

K. T. TMMapte
Pe3some

3nekTpogope3 6enKOB CANMHHO-MO3IOBOMA xugkoctu (CMXX) wu
CbIBOPOTKN KPOBM MNPOBOAM/IM Ha MNoSIaKpuslaMnMaHOM resie rno me-
Togy Davis n Ornstein (1964). O6wmnin 6eniok CMXX onpegensnu
no metoay Lowry, a nakt'at CM>X no metogy Barker v Summer-
son. CM>X nonyunnu npu IOM6as/IbHOMA  MYyHKLUUN.

O6cnepoBaHo 188 60/1bHbLIX € WHMAPKTOM ro/1I0BHOr0 MoO3ra
(MM) B TeuyeHWe nepBbIX AOBYX Hedenb 3aboneBaHusA. Cpean HUX
6b110 156 ¢ NérkumM u 32 — C THKENbIM MNOPaXXEHMEM FOSI0OBHOMO
Mo3ra. B KauyecTBe KOHTPOJSIbHOM rpynnbl muccregosanin 40 nvy, 6e3
MPU3HaAKOB OPraHMYecKoro mnopaXeHus T[O0/I0BHOr0 MO03ra, y KOTO-
pbiX cogepXaHue obuwero 6esika B CMXX 6bis10 B nNpegenax HOpMbI.

AHanIM3 nony4dyeHHbIX JaHHbIX MoKasasl, 4YTo codepXaHue obuiero
6enka CM>XX Yy 6o/ibHbIX ¢ VM noBbIWeEHO. XapaKTepHbIM O0Kas3a-
N10Cb  3HauYMNTesSIbHOE TMOBbIWEHNE [peasibOyMUHOB, Y r1°6y/IMHOB U
MaKpors106y/IMHOB, B 0COGEHHOCTU Yy 60/IbHbLIX C TSHKENLIM nopa-
XXEHVEM TFO0JIOBHOro Mo3ra., Takmm ob6pasom, coctaB CMXX y 60sb-
HbiX ¢ WM cTaHOBUTCA 60siee CXOAHbIM C COCTAaBOM CbIBOPOTKMU
KpoBW. BbiiBieHa TakXe Koppenauus Mexay MoBbllleHnemM Jak-
TaTta CM>K n nosbllWweHVeM MNpeasibOYMUHOB, Y-T/100Y/IMHOB U MaKpo-—
rnobynnHoe CMMXX y 60/IbHbIX C MH(apKTOM FO/I0BHOrO MO3ra.
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VASOMOTOR EFFECTS OF THE STIMULATION OF VARIOUS
SUBCORTICAL BRAIN STRUCTURES

A. Schotter, P. Roosaar

Tartu State University

At the present time the role of extracerebral major arteries in
the regulation of the blood circulation has been thoroughly investi-
gated I’ 2>3 The regulatory role of the pial and cortical vessels
has been studied to some extent4-5-6. At the same time the avail-
able data yield no information about microcircular reactions in
the subcortical structures.

The aim of our work was to determine the subcortical structu-
res, whose stimulation causes changes in the lumen of the cerebral
microvessels, and the character of these changes.

Methods

Experiments were carried out on 155 adult rabbits. The
regions under study were the following:

CT _ cortex temporalis

CM _ cortex motorius

VL — nucleus vetitralis lateralis thalami
MD — nucleus mediodorsalis thalami
LA - hucleus lateralis anterior thalami
VA — hucleus ventralis anterior thalami
AHL _ area hypothalamica lateralis
AHA ~ area hypothalamica anterior

HDM — nucleus dorsomedialis hypothalami
HVM — nucleus ventromedialis hypothalami
NHP — nucleus hypothalamicus posterior
AAA _ area amygdalaris anterior

ACO - nucleus corticalis amygdalae
AME — nucleus medialis amygdalae

AC — nucleus centralis amygdalae

AL — nucleus lateralis amygdalae
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AB - nucleus basalis amygdalae

HV _  pars ventralis hippocampi
HD — pars dorsalis hippocampi
GP - globus pallidus

NFS - nucleus fimbrialis septi
NSL — nucleus septalis lateralis

The above-mentioned regions were separately subjected to
monopolar electrical stimulation. The stainless steel electrodes
(diameter 150 ji) covered (except of the 0.5 mm tip) with lacquer
and organic glass insulation, being implanted stereotaxically,
were used. A subcutaneous stainless steel spiral severed as the
inactive electrode. Stimulation was carried out with rectangular
impulses with the duration of 0.5 msec, frequency 60 Hz, poten-
tial 1 V. The duration of stimulation was 60X50 sec at 10 sec
intervals.

At the last minute of stimulation the cerebral blood vessels
vere fixed through a. carotis communis with 2 ml solution, the
composition of what was: nigrosin 10%, gelatine 4.3%, phe-
nol 0.9%, destilled water 84.8%.

At the same time 5 ml of saturated KC1l solution was injected
into the ear vein to stop heartbeat.

Experiments were carried out under urethan anesthesia
(@ g/kg i. m.) together with local novocaine anesthesia. The
blood pressure was measured with a Hg manometer through a
catheter introduced into a. femoralis.

After the experiment the tissue round the electrode tip was
coagulated in order to verify the electrode localization. The brain
was removed and fixed in a 15% formalin solution during 48
hours. Then the brain was cut into 20—25 and 150—200 |i thick
frontal sections on a freezing microtome. On cover-glass prepa-
rations coloured with thionine and haemolauc the Ilumen of
the small blood vessels (starting with arterioles) was measured
in all the above-mentioned structures with an ocular-scale
microscope. Comparing the results of statistically analysed mea-
surements with those of the check group we drew conclusions
about the effect of stimulation of the above-mentioned structures
on the microcirculation.

Results

The results of the experiments are given in the Table.

As there was no qualitative difference between the reactions
in the different nuclei of one and the same structure, we shall
present them below as one whole structure.

The stimulation of the thalamic nuclei caused a more or less
expressed vasodilatation in all the investigated structures. Only
in the case of stimulation of the MD the cortex vessels displayed
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Lumen changes of the vessels (in ocular units) in the cortex, thalamus, hypothalamus, septum, amygdala,

hippocampus and globus pallidus as caused

Stimulated
structures

Thalamus:
VL
MD
LA
VA

Hypothalamus:

AHL ant.

AHL post.

AHA

HDM

HVM

NHP
Septum:

NFS

NSL
Amygdala:

AME

AL

AB

AC
Hippocampus
Gl. pallidus

Cortex

2.02+0.08

2.04+0.13
1.83+0.15
2.33+0.25
2.02+0.15

3.10+0.40*
2.36+0.06
2.24+0.14*
2.20+0.24
2.27+0.16*
2.22+0.14*

2.20+0.12
2.33+0.06<*>

1.86+0.12«*)
1.78+0.19«*)
1.73+0.11*
1.81+0.05*
1.76+0.07«*)
1.99+0.03

by electrical stimulation (xx = P<0.01,

— = not investigated)

Thalamus

1.78+0.03

1.94+0.09
2,05+0.09*
2.16+0.09*
1.99+0.10

2.63+0.20*
2.28+0.06*
2.25+0.03*
2.18+0.03*
2.12+0.10

2.21+0.03*

2.24+0.13«*
2.18+0.15¢>

1.73+0.07
i.69+0.02*
1.78+0.05
1.76+0.14
1.99+0.10
2.04+0.23

Investigation regions of the microvessels

Hypo-
thalamus

Septum

Amygdala

Check lumen of the microvessels

1.79+0.03

1.81+0.08

1.89+0.04

Lumen after stimulation

1.84+0.05

2.02+0.07*
2.11+0.10*
2.10+0.14*

2.28+0.13*
2.15+0.05*
2.20+0.04*
2.18+0.07
2.21+0.06
2.19+0.03*

2.12+0.13*
2.18+0.15*

1.80+0,03
1.74+0.03
1.74+0.03
1.70+0.03**
2.04+0.13
2.18+0.26

2.01+0.06
1.99+0.10
2.14+0.16
2.13+0.15

2.66+0.20*
2.24+0.16%*
2.25+0.12*
2.23+0.20«*"
2.39+0.23
2.32+0.24«*)

1.74=t0.10*
1.72+0.06*
1.64+0.06

1.79+0.10*
2.07+0.06*
2.06+0.04*

2.04+0.06
2.02+0.06
2.11+0 10+
2.05+0.10

2.82+0.13*
2.15+0.07*
2.22+0.04*
2.28+0,09*
2.17+0.03*
2.22+0.02*

2.17+0.12
2.22+0.13*

1.73+0.07*
1.74+0.01*
1.82+0.02
1.71+0.03
2.0.3+0.09
2.04+0.22

x =P<0.05,

Hippocampus

1.85+0.11

2.07+0.08
2.06+0.06
2.08+0.05
2.10+0.17

2.29+0.15¢>
2.03+0.16
2.13+0.16
2.12+0.16
2.09+0.17
2.09+0.10

1.51+0.04
1.61+0.05
1.65+0.10
1.76+0.14

2.09+0.04

(x)= P almost<0.03,

Globus
pallidus

1.83+0.12

2.05+0.08
2.10+0.06
2.14+0.05*
2.08+0.10

2.70+0.24*
2.16+0.12¢>
2.20+0.13*
2.11+0.19«*)
2.23+0.19«*)
2.36+0.14')

2.10+0.22
2.07+0.06

1.74+0.05
1.64+0.10
1.62+0.10
1.75+0.11
2.07+0.10



a tendency to constriction. The strongest vasodilating reaction
over all the brain was caused by the stimulation of the LA.

The stimulation of the hypothalamic nuclei caused a distinct
vasodilatation in all the investigated structures. In hippocampus
it did not reach a statistically reliable level because of the great
mean error (up to £0.17). The most considerable dilatation of the
brain microvessels was observed when stimulating the anterior
part of the AHL.

The stimulation of the septal nuclei caused vasodilatation in
all structures. In the septum itself we could not estimate the
lumen changes because of the large coagulation area arround
the electrode tip. In the hippocampus we did not succeed in
measuring the blood vessels in this series.

The amygdala was the only structure whose stimulation dis-
played no tendency to vasodilatation. The stimulation of the
amygdalar nuclei either did not change considerably the lumen
of the blood vessels or brought about some vasoconstriction.

The stimulation effects of the ventral and dorsal parts of the
hippocampus were analogous. The blood vessels in this region
were badly filled and the number of the measured lumens was
relatively small, therefore the stimulation results of the HV and
HD were considered together as a whole. In the cortex the stimu-
lation of the hippocampus led to vasoconstriction. In all the other
structures it caused vasodilatation.

The stimulation of the globus pallidus brought about vaso-
dilatation in all the investigated structures with the exception of
the cortex where practically no reaction took place. In the globus
pallidus itself the blood vessels could not be measured due to the
coagulation damage.

Discussion

The experimental data lead to the conclusion that a
weak stimulation of subcortical structures causes vasodilatation
in most cases, expressed to a greater or smaller extent. The
exceptional case is the amygdala whose stimulation either did
not change the lumen of the blood vessels or brought about to a
constriction. Comparison of the other structures showed that the
stimulation of more central (medial) structures, i. e. the hypo-
thalamus, septum and to some extent also the thalamus, has a
stronger vasodilating effect. That can be supposed as being
related to their nonspecific activation system whose irritation
state should activate also the cerebral circulation. The strongest
vasodilatating effect in the stimulation of the hypothalamic nuclei
was displayed by the anterior part of the AHL, in the stimulation
of the nuclei of the septum — by the NSL, and in the stimulation
of the thalamic nuclei — by the LA.
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As far as it was possible to measure the blood vessels in the
stimulated nucleus, it seemed that in comparison with the other
cerebral regions the strongest reaction occurred in the nucleus
itself.

The electrical stimulation of the structures studied did not
bring about considerable changes in the general arterial pressure.
Therefore the cause of the microcircular changes in our experi-
ments should be attributed to some other mechanism, which will
be explained in further experiments.
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COCYAOABUTATENbHBLIE 30OEKTbl CTUMYNALNN
PA3/TNUHbLIX MOAKOPKOBbLIX CTPYKTYP [OJIOBHOIO
MO3lA

A. B. WoTtTep, M. O. Poocaap
Pesome

WccnepoBaHuio  noaBepranocb  AeMACTBME  3/1IeKTPOCTUMYIALNN
pasnnyHbIX Agdep runotasiamyca, cenTyma, amMurgasnbl, runrnokKamna
U naungyma Ha BHYTPEHHUIA [uaMeTp MUKPOCOCYZl0B B TeX e
CTPYKTypax M B MoBokA Kope. OnbITbl NpoBedeHbl Ha 155 Kponwmkax
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noa, ypetaHoBbIM HapKo3om. Bo Bpems cTumynsaumm GuKcupoBam
NPWKNU3HEHHO MO3roBble CcOCyAbl MyTeEM BBEAEHUS COOTBETCTBYHLLENO
pacTBopa B O00LYIO COHHYK apTepuio U WU3Mepsann obuiee apTe-
puasnibHoe JaB/fleHVe KpoBaBblM METOAOM W3 6eApeHHOIA apTepun.
Mo3r pesasiu Ha 3amMopaxuBawuiem MukpoTome. Cocyabl uccnepno-
Ba/IM Ha (PpOHTas/IbHbIX cpe3ax Mo3ra.

Ctumynsayma 60MbLUMHCTBA UCC/MIeA0BaHHbIX s4ep Bbi3blBasia
BasoAUMIATALMI0 KaK B HOBOM KoOpe, TaK M ib MOAKOPKOBbIX CTPYK-
Typax. CpaBHUTE/IbHO 60/bWVM Ba3ogUISTAaTOPHbIM  3PheKToM
obnagana CTUMYNAUUS TFHOOTalaMUYECKUX, TaslaMUYeckux Wu cer-
Tas/ibHbIX A4ep. Hambosiee BblpaXxeHHas Bas3oAuaAaTaums MpPomcxo-
Avna npu cTumynsauum nepegHenatepasibHOro runotasiamyca uU ne-
pegHero natepasibHOro fgpa Tasnamyca. EAMHCTBEHHOIA CTPYKTYpoiA,
CTUMYISUMN  KOTOPOIA c/liegoBasia Ba3OKOHCTPYKUMA, Oblla  aMur-
Aana.

Tak Kak B HalMX OMblTax HUKaKMUX CYLECTBEHHbIX W3MEHEHWIA
apTepnasibHOro AaBsieHUs He Habnwpanocb, MpuUYnMHY BasoABUTra-
TenbHbIX pesieKCcOB cnenyeT UCKaTb B APYrnMx MexXaHu3max.
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INTRACRANIAL ARTERIAL ANEURYSMS IN CHILDREN

O. Heiskanen and J. Vilkki

University of Helsinki

Ruptured or symptomatic aneurysms in children are
rare ' 2>4 5-8 Yoshimoto 9 reported their frequency in the first two
decades to have been 0,5% of the total number of patients with
aneurysms, Nishioka 3 — 1.9%, Patel 4— 1.3%) and Sedzimir 5—
4.6%. In 1967— 1977 we studied altogether 1,095 patients with
intracranial arterial aneurysms at the Neurosurgical Clinic of the
University Central Hospital. 20 patients were from O to 16 years
of age, i. e 1.8%. The purpose of the present study is to find out
the results of operative treatment and a late prognosis in this
age-group compared with that of adults.

Material and methods

All survivors were invited for a personal checkup and a psy-
chological test. One of the patients refused to come, she answered
the questionnaire. Special attention was paid to the neurological
deficits, the patient’s working capacity and his education com-
pared with that of his siblings and parents.

Age and sex
There were 11 girls and 9 boys. Only two of the patients were
under 10 years of age. Three patients were from 10 to 13 years of
age and the rest 15 patients were from 14 to 16 years.
Site of the aneurysms

More than half of the aneurysms, 12, were situated at the
bifurcation of the internal carotid artery. Three patients had an

101



anterior communicating aneurysm ,two had a middle cerebral,
one a posterior communicating, one a pericallosal and one a
PICA aneurysm (Table 1).

Table 1
Location of aneurysms
Site Number of cases
Carotid bifurcation 12
Anterior communicating 3
Middle cerebral 2
Posterior communicating 1
Pericallosal 1
Vertebral 1
Total j 20

Treatment

16 patients were operated on. In 13 cases the neck of the aneu-
rysm was clipped. In two cases, the first — an anterior communi-
cating and the second a fusiform aneurysm of the pericallosal
artery, proximal clipping was done. In one case only a wrapping
of the aneurysm was performed. One patient was operated on
during the first week after bleeding, 7 patients were operated on
during the second, 5 patients during the third week and 3 patients
still later.

Four patients were not operated on. Two because they were
referred to the neurosurgical clinic more than six weeks after
bleeding. One patient died 7 days after the SAH without regaining
consciousness. One patient had not had a SAH and was investi-
gated because of epileptic fits.

Results

Operated patients: There was one operative death. The patient
in whom only a wrapping of the aneurysm was done, died two
months after the operation of rebleeding. Out of the 14 survivors
10 were well, had had no neurological deficits, were either employ-
ed or were continuing their studies. All of them stated that their
illness and operation had not prevented them from completing
their studies or choosing the kind of job they had preferred. One
patient had a slight residual hemiparesis which, however, did not
disturb her studies.

Three patients were disabled. Two had a severe psychoorganic
syndrome and epilepsy. The third patient was operated on at the
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age of six months because of a ruptured middle cerebral aneu-
rysm. She is retarded, not able to attend a normal school and has
had epileptic fits.

Conservatively treated patients: Those two patients with a
ruptured aneurysm not operated on have been well during the
follow-up period of 9 and 10 years and have not had a rebleeding.
The fourth patient with no subarachnoid hemorrhage has been
well, has had a normal delivery and a healthy child and no bleed-
ing during the follow-up period of 10 years.

Discussion

In children under 10 years of age aneurysms are unusual
either because of the site or the size. This was also true for our
two patients in this age-group. The middle cerebral aneurysm
was situated in a distal branch of the middle cerebral artery.
There was no evidence for an inflammatory origin of the aneu-
rysm. The other patient had a fusiform aneurysm of the perical-
losal artery.

Aneurysm ruptures in childhood seem to occur in the older
age-groups from 12 to 16 years of age. The site of aneurysms dif-
fers from that in adults. More than a half of the aneurysms were
situated at the bifurcation of the internal carotid artery — a
location rare for adults. This has been the common location also
in an other large series of childhood aneurysms 45 except that
of Amacher 2 The next commonest site is the anterior communi-
cating artery. We receive all aneurysm patients from a certain
geographical area. Thus the distribution of sites should be repre-
sentative. The usual locations in adults — the posterior communi-
cating and the middle cerebral artery — are rare in children. We
had no multiple aneurysms. Neither did we observe any congeni-
tal malformations such as coarctation of the aorta or a polycystic
kidney reported to be associated with childhood aneurysms 4-6.

In 80% of the operated cases direct intracranial clipping of
the neck of the aneurysm was done. There were no operative fata-
lities among the patients with aneurysms of the carotid bifurca-
tion. They only operative death occurred in a patient with an
anterior communicating aneurysm, who was still drowsy and
desoriented at the time of the operation. He suddenly died two
days after the operation. The autopsy showed that the clip was
well in place and it did not occlude any artery. There was a wide
infarction in the left cerebral hemisphere, opposite to the opera-
tive approach. If the operation had been postponed until the
patient’s level of consciousness had returned to normal, the result
might have been better.

The majority of the patients surviving the operation had no
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neurological deficit and were fully able to work or pursue their
studies. One patient had a slight neurological deficit which did
not interfere with her work or studies. Thus in 78% of the ope-
rated cases the results were good. Three patients were perma-
nently disabled because of psycho-organic syndrome and epilepsy.
It seems that children tolerate an operation better than adults. In
a series of adult patients from this clinic the percentage of good
results was 60% 7.

Two-thirds of the patients with a fatal outcome in Patel’s and
Sedzimir’s series were either comatose or drowsy at the time of
the operation, as was also our one operative fatality. Thus it
seems clear that an operation should be undertaken only if the
patient is fully alert and oriented. If the patient is comatose or
drowsy, the operation should be postponed until the level of
consciousness has returned to normal. The operative method of
choice is direct intracranial clipping of the neck of the aneurysm.
In selected cases a proximal clipping is advisable. The optimal
time for the operation seems to be 7— 10 days after bleeding.
However, we have been able to follow this rule only in half of
our cases.

Summary

A report on 20 children from O to 16 years of age with an
intracranial arterial aneurysm. 19 patients had had a subarach-
noid bleeding and one patient was investigated because of epi-
leptic fits. Only two of the patients were under 10 years of age.
More than a half of the aneurysms, 12, were situated at the bifur-
cation of the internal carotid artery. 16 patients were operated on.
In 13 cases the neck of the aneurysm was clipped, in two cases a
proximal clipping and in one case a wrapping of the aneurysm
was done. There was one operative death. 10 of the operated
patients were well, had no neurological deficits and were fully
able to work or pursue their studies. One patient had a slight
neurological deficit, not interfering with her work, and 3 patients
had a disabling neurological deficit. An operation should be per-
formed only if the level of consciousness is normal. Direct intra-
cranial clipping of the neck of the aneurysm is the method of
choice. The optimum time for operation is probably 7— 10 days
after the bleeding.

REFERENCES

1. Almeida M, Pindaro J, Plese P, Bianco E, Shibata MK:
Intracranial arterial aneurysms in infancy and childhood. Child’s Brain
3:193— 199, 1977

2. Amacher DL, Drake CG: Cerebral artery aneurysms in infancy,
childhood and adolescence. Child’s’ Brain 1:72—80, 1975

104



3. Nishioka H: Report on the cooperative study of intracranial aneurysms
and subarachnoid hemorrhage. Section VII. Evaluation of the conserva-
tive management of ruptured intracranial aneurysms. J. Neurosurg
25:574—592, 1966

4. Patel AN, Richardson AE: Ruptured intracranial aneurysms in the
first two decades of life. J. Neurosurg 35:571—576, 1971

5. Sedzimir CB, Robinson J: Intracranial hemorrhage in children and
adolescents. J. Neurosurg 38:269—281, 1973

6 Shucart WA, Wolpert SM: Intracranial arterial aneurvsms in child-
hood. Am. J. Dis Child 127:288—293, 1974

7. Troupp H, af Bjdrkesten G: Results of a controlled trial of late
surgical versus conservative treatment of intracranial arierial aneu-
rysms. J. Neurosurg 35:20—24, 1971

8. Yoshimoto T, Uchida K, Suzuki J: Intracranial saccular aneurysms
in the first three decades. Surg. Neurol 9 :287—291, 1978

MHTPAKPAHWANBbHBIE APTEPUAJIbHBIE AHEBPW3M b
Y OETEW

O. XelickaHeH, W. Buikkm

Pesome

MpuBeaeHbl gaHHble 20 peteih B Bo3pacTe O0— 16 fieT, MMerWwmx
MHTpaKpaHuasibHble apTepuasibHble aHeBpu3mbl. Y 19 U3  HUX
Habnwganocb cybapaxHoMgasibHOE KpPOBOU3SIUSIHWE, OOAUH PebBEHOK
6bU1 uccnegoBaH Mo MNOBOAY 3ANUAENTUYECKUX MpMNagkos. Jlvwb
ABa 13 60MbHbIX 6buUM  Monioxe 10 neT. bosiblie  MOJSI0OBUHBI
aHeBpm3aMm (12) Haxogunucb B o06nacTm 6udypkaumm BHYTPeEHHEI
COHHOM apTepuu. LllecTHaguaTb 60/IbHLIX ObLIM  OMEPMPOBaHbI, B
13 cny4yasax KAMNUPOBas/IN LUEMAKY aHEeBPU3MbIl, B 2 C/iyyasx K/IUMCbI
nocTaBu/IN MpOKCMMasibHee 0T aHeBpuM3Mbl. B ogHoM criyyae 6blsio
npoBeAeHO 3aKyTbiBaHME MeELIKa aHeBpu3Mbl MbIWUEA.  Umen
MeCcTO OAMH CJly4ald nocsieonepaTuBHOA cMepTu. [lecATb onepupo-
BaHHbIX [ETEMA 4YyBCTBOBa/IM cebS XOpowo, He WMen HUKaKoiA
HEBPOJIOTMYECKOM CUMMTOMAaTUKW, 6bIM  CMOCO6HbLI paboTaTb U
yunTbca. Y 0AHOro 60/IbHOF0 ocTaslaCcb He3HauyuTesibHas HEBPOJI0-
rmyeckas cMMnToOMaTMKa W y Tpex 60/1bHbIX CTOMKUIA HEBPOJIOrn-
yecknii  aemunT.

M3 paboTbl BbITEKAET, 4YTO OMepaTUBHOE BMELIATE/ILCTBO MNpuU
aHeBpu3Max y [JeTeld gaeT 6osiee Xopowuve pesysibTaTbl, €c/v one-
pUpYOT 60/IbHbIX, HE VMEKLMX PacCTPOMACTB co3HaHus, Hawmbosee

onTUMasibHoe BpemMA Ansa onepaumm — 7— 10 gHM nocnie KpoBoO-
TeyeHus.
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SURGICAL TREATMENT OF SACCULAR ANEURYSMS
OF BRAIN ARTERIES

E. Raudam, R. Paimre

Tartu State University

Saccular aneurysms were first described on the basis of autop-
sies in the 18th century (5). Cerebral angiography introduced by
Moniz in 1927 (3, 4) made it possible to diagnose aneurysms in
patients.

The year 1930 marks a starting point in the diagnosis of
aneurysms at the Neurosurgical Clinic of Tartu (7, 11). L. Puu-
sepp wrote in 1939 (6) that arteriography was especially useful,
being indispensable in the diagnosis of aneurysms just because
it gives the exact size and location of an aneurysm. In 1939 a
dissertation by G. Martinoff (2) on the clinical and angiographic
diagnosis of the aneurysms treated at the Neurosurgical Clinic
of Tartu was published. Up to 1939 three patients with a ruptured
aneurysm had been surgically treated. Two of them underwent
an internal carotid artery ligation on the neck, and one patient
— a communicating carotid artery ligation. No complications
occurred (2). In 1939 L. Puusepp removed an acute intracerebral
hemorrhage from a lateral cerebral fissure (Sylvii). The patient
recovered, but three weeks later there followed headache and
weakness of the left hand. An aneurysm of the middle cerebral
artery was diagnosed by means of carotid arteriography using
thorotrast. When the internal carotid artery on the neck was
ligated, the patient recovered (6).

When watersoluble contrast mediums became available, arte-
riographic diagnoses and the surgical treatment of aneurysms
were reintroduced in 1957 at the Neurosurgical Clinic of

Tartu (9).
Clinical material

In the years 1961 to 1978 eighty patients were surgically
treated (see Table 1).
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Table |
Age and sex of the patients operated on

Age of 0-9 10— 19 20—29 30-39 40-49 50-59 60—69 70—79 Total
patients
Men 1 - 7 n 9 8 4 — 40
Women — — 2 4 13 1 9 1 40
Total 1 - 9 15 22 19 13 _ 80

Surgically treated aneurysms were located on the following
cerebral arteries: internal carotid artery — 25 cases; anterior com-

municating artery and anterior cerebral artery — 33 cases;
middle cerebral artery — 18 cases; posterior communicating
artery — 5 cases.

Surgical method

Operations were carried out under general anaesthesia. They
included: lateral frontal osteoplastic craniotomy performed in
patients with anterior cerebral and anterior communicating artery
aneurysms, unilateral osteoplastic frontotemporal craniotomy
with subtemporal decompression in the internal carotid artery,
in the posterior communicating artery and in the aneurysms of
the middle cerebral artery.

For a better approach to the base of the skull in the intra-
cranial phase of operation we used pulmonary hyperventilation
with arterial pC02 within the limits of 25 mm Hg (10). Basal
cisterns were then opened and the liquor was sucked. The method
described allowed us access to aneurysms in the acute state of
bleeding and in the brain oedema. Then there followed the aspi-
ration of the hemorrhage, preparation of the aneurysm from
adhesions and the clipping of the aneurysm, at the same time
retaining the blood circulation in the cerebral arteries.

Surgical results

Of the 45 patients who were surgically treated after stilling
the blood flow from a ruptured aneurysm and who were in a
good general condition without any disturbances of conscious-
ness, 42 (93.3 per cent) recovered. But of the 35 patients ope-
rated on in an acute state of bleeding only 11 (31.4 per cent)
recovered.

Surgical treatment in an acute state was carried out on the
patients whose consciousness progressively deteriorated. The

cause of unconsciousness was subarachnoid rebleeding, intracere-
bral hemorrhage and brain oedema.
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Out of the patients operated on in a good general condition
without disturbances of consciousness, 3 died, the cause of death
being accordingly rebleeding, cerebral infarction and pulmonary
infarction. Of the 35 cases surgically treated in a state of un-
consciousness, 24 died, 14 of tjiem from brain oedema. 2
patients died from rebleeding, 3 from cerebral infarction, 4 from
bronchopneumonia, 1 from cardiovascular insufficiency. 8 patients
with an acute brain oedema died within 1—2 days after the ope-
ration, the others died within 5—74 days.

Table 2
Causes of death in >the patients operated on

Patients operated on in a staie
Cause of death of progressive
deterioration of
consciousness

without disturbances
of consciousness

Cerebral oedema 14
Rebleeding 1 2
Cerebral inlarction 1 3
Pulmonary infarction 1 —
Bronchial pneumonia — 4
Cardiovascular insufficiency — 1
Total 3 24

Discussion

According to the data published in the literature on the neuro-
surgical treatment of saccular aneurysms of the brain arteries,
the results of operations depended on the choice of patients.
A. Konovalov’s (8) data from the Institute of Neurosurgery in
Moscow showed that the lethality of surgically treated patients
with aneurysms of the brain arteries was 25—30 per cent until
1970, but later on lethality decreased to 5—8 per cent. A decrease
in lethality was achieved by improving the surgical technique
(including the microsurgical technique) and the principles of the-
rapy.

The authors avoided operating on patients in a bad general
condition except for those whose condition was caused by intra-
cranial hemorrhage compressing the brain. Spasms of the cerebral
arteries were not absolute contraindications for an operation.

In recent years the use of microsurgery has brought about
fewer injuries to the brain arteries by a decrease in postsurgical
arterial spasms as well as by better results of surgical treatment.
Hollin, for example (1), with a selected contingent has obtained
good results by using microsurgical methods in 84 per cent of 70
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cases. His patients were operated on within 3—35 days of illness.
He recommended to operate on patients 10 to 14 days after a
subarachnoid hemorrhage.

There are neurosurgeons who prefer to operate on patients
only in a good general condition with the aim of reducing post-
operative lethality. Again there are others who operate on patients
whose consciousness is progressively deteriorating with the aim
of saving the patient’s life and of preventing rebleedings in
future. In view of the fact that a part of our patients operated
on in a state of disturbances of consciousness recovered, an extra-
ordinary surgical treatment is indicated.

In our opinion it is indicated that each patient with subarach-
noid hemorrhage should within the first 24—48 hours undergo
arteriographic investigation of both the carotid systems for the
diagnosis of the location of an aneurysm and a study of the blood
supply. After this the patient must be submitted to conservative
therapy and a permanent neurological observation. The indi-
cation and the time for surgical treatment are determined accord-
ing to the patient’s condition. If he is losing consciousness
(somnolence, sopor), he must be immediately operated on before
falling into coma. In case of decreasing meningeal symptoms, and
syndromes of unconsciousness, the patients with ruptured aneu-
rysms must be operated on within 4—7 days to prevent subarach-
noid rebleeding.

Conclusions

1) To make an accurate diagnosis of aneurysms, patients with
subarachnoid hemorrhages must be immediately examined angio-
graphically.

2) Patients with ruptured aneurysms must be operated on
immediately, if they are losing consciousness. For recovering
patients surgical treatment is indicated within 4—7 days to pre-
vent subarachnoid rebleeding.
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XNPYPITMYECKOE NEYEHWE MEWOTYATbBIX AHEBPU3M
APTEPVA FOJIOBHOIMO MO3rA

3. Paypam, P. TlMalavpe

Pestome

B TapTycKoii HeIApOXMPYPruyeckoil KJIMHWKE CTasin onepupoBaTb
aHeBpM3Mbl apTepuia rosioBHOro mo3ra B 1930 r. (J1. Myycenn).
B kauecTBe MeToda onepauuu fpuMeHsnacb finratypa BHYTPEHHE
Unn o6lein CcoHHOM apTepun. HauduHaa ¢ 1961 r. npuMeHseTcs
BHYTpUUepenHoe BMelwlaTeslbCcTBo, A0 1978 1. npoonepupoBaHo Yy
80 60s1bHbIX 8§81 aHeBpu3Ma. Jlokanusaums aHeBpusM Oblia crnenyto-
WelA: BHYTPEHHAS CcOHHas apTepua — 25, nepegHas coeguHUTENb-
Has apTepua W nNepenHsAs apTepuss mo3ra — 33, cpefHAa apTepus
mMo3ra — 18, 3agHAA coeguHUTEsNIbHasa aptepua — 5

N3 45 60/1bHbIX, OMEpMpPoBaHHbLIX B XOpPOLIEM COCTOSIHUMK, 6e3
paccTpoiACcTB CO3HaHus, nonpasunuce 42 (93,3%). W3 onepupo-
BaHHbIX B COMOPO3HOM WM KOMAaTO03HOM COCTOAHWUW MOoMpaBU/INCH
11 (31,4%).

ABTOpbl CUATAOT HEO6XOAMMbIM HeMeASIEHHO roc/ie BO3HUKHO-
BeHUs cybapaxHou4anbHOro KpOBOM3IUAHUA MNPOBOAUTbL aHruorpa-
thruueckoe uccnegoBaHne 06eMX COHHbIX apTepuUtA AN ornpenesieHns
aHEeBpPU3M U <IX TOMUKU. BOsIbHbIX C pa3pblBOM aHEBpU3M, Y KOTO-
pbIX B pe3ynbTare MPUMEHEHUA KOHCePBaTUBHbLIX MEeTOAO0B JieHeHUs
HacTynaeT yJlydlwleHue, >XesilaTesibHO onepupoBaTb Ha 4—7 [eHb
rocsie KpoBOM3NIUSHUA. Ho mpu yrniy6/eHun paccTpoiACTB CO3HaHUSA
60/1bHOr0 crfiegyeT onepupoBaTb B 3KCTPEHHOM MoOpsKe.
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SURGICAL TREATMENT OF OCCLUSIVE LESIONS IN THE
CAROTID ARTERIES

E. Raudam, R. Paimre
Tartu State University

Surgical material

In 1963— 1978 of 47 patients with occlusive lesions ope-
rated on at the Neurosurgical Clinic of Tartu, 31 had internal
carotid occlusions, 4 common carotid occlusions, 12 internal caro-
tid stenoses.

According to clinical neurological findings, patients were
divided into 3 groups:

1) 21 patients who had transient hemiparesis or weakness of
one arm (lasting from a few minutes to some hours). Some of
them had transient visual field defects of one eye (on the same
side), speech defects. These symptoms recurred in' an interval of
some months to two years, but were persistent before the ope-
ration.

2) 5 patients whose hemiparesis developed progressively;
right-sided hemiparesis was accompanied by speech defects.

3) 21 patients who had an attack of hemiparesis or paralysis;
right-sided hemiparesis was accompanied by speech defects.

Arteriographic examination of the carotid system led to the
conclusion that some patients with occlusive lesions in the inter-
nal carotid arteries had a fully developed collateral blood flow
either through the ophthalmic artery or via the opposite internal
carotid artery. The interval from the onset of the disease up to
its arteriographic examination lasted from 3 weeks to 6 months.
EEG studies showed a general dysrythmia of cortical bioelectri-
cal activity; on the side of the internal carotid occlusion, groups
of slow waves were detected in the frontotemporal territory, but
seldom in the frontotemporal-parietooccipital territory. Compres-
sion tests of the carotid arteries were in most cases unilaterally,
sometimes bilaterally positive (showing severe defects in the
blood circulation in the internal carotid territory), in some cases
negative (showing a good collateral blood supply).



Surgical methods and results

Surgical methods are given in Table 1 Of the 30 patients in
whom were performed thrombendarterectomy, in 19 patients the

blood flow was reestablished in the internal carotid artery
(Table 2).

Table 1
Methods of operation
. Number of
Operating method patients
Thrombendarterectomy of internal and
common carotid arteries 30
Transplantation of external carotid
artery into internal carotid artery 1
Sympathectomy of carotid arteries 16
Total 47

Table 2
Reestablishment of blood flow in internal carotid artery

Blood flow in internal

Number of carotid artery
Operating method atients
P reestab- not reestab-

lished lished
Thrombendarterectomy 30 19 n
Transplantation of the external caro-
tid artery into the internal carotid
artery 1 1

Total 31 20 1

The blood flow was reestablished mainly in those patients who
were surgically treated 10 to 18 hours after the onset of hemi-
paresis. This also occurred in the patients operated on later —
in one case 2.5 weeks after the onset of the disease, in two cases
after 2 months, in one case after 3.5 months. In those patients a
segmentary occlusion or stenosis was noted at a length of 1 to
2 cm at the beginning of the internal carotid artery or at the level
of the common carotid artery bifurcation. The reestablishment of
the blood flow was unsuccessful in patients with occlusions of the
internal carotid artery from its origin to the base of the skull.
After the removal of thrombosis and the reestablishment of the
blood flow the cutting of the artery was sutured (25 patients),
or dilated and closed with a piece of the patient’s vein (6
patients).
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In one patient who had stenosis at a length of 4 cm in the
internal carotid artery, the external carotid artery was transplan-
ted into the internal carotid artery.

In 4 cases rethrombosis occurred after the operation. Of the
thrombendarterectomized patients (Table 3), 18 recovered, 5 were
discharged in an unimproved condition, 7 died. The last-mentio-
ned patients suffered from severe cerebrovascular insufficiency
before the operation, the arteriograms did not show any signs
of a collateral blood flow. In three of them the blood flow in
the internal carotid artery was reestablished, but after the ope-
ration cardiovascular insufficiency increased, in addition, one
patient developed rethrombosis, both died in 3 days; one patient,
surgically treated 5 weeks after the onset of hemiparesis, had a
subarachnoid and intracerebral hemorrhage, and died on the

third day.
Table 3
Results of thrombendarterectomy

Number of

Results patients
Recovered 18
Unimproved 5
Died 7
Total 30

1

In one case rethrombosis occurred 8 hours after the opera-
tion; the patient died 26 hours later. In one patient an occlusion
of the vertebral artery developed on the third day after throm-
bosis in the internal carotid artery had been removed, which
was diagnosed both on the clinical findings and at the section.
In 2 patients whose blood flow failed to be restored a pre-opera-
tive sopor deepened, both died (Table 4).

Table 4
Causes of death of thrombendarterectoTnized patients

Cause of death Number of

patients

Cardiovascular insufficiency 2
Rethrombosis 1
Occlusio a. vertebralis 1
Cerebrovascular insufficiency 2
Subaracbnoid and intracerebral
hemorrhage 1

Total 7

8 3aka3s Ne 4081 113



16 patients were sympathectomized. They were operated on in
6 weeks to 2 years after the appearance of the symptoms of tran-
sient defects of the blood circulation (persistent before the
operation: from 12 days to 4 months). When leaving the hospital
(Table 5) 6 patients had normal neurologic findings, 4 recovered.

Table 5
Results of periarterial sympathectomy

Number of

Results X
patients
Recovered 6
Improved 4
Unimproved 1
Occlusio a. popliteae 1
Died 4
Total 16

The condition of one patient did not improve. One patient deve-
loped thrombosis of the popliteal artery, which was removed. 4
patients died, the causes of their death are given in Table 6.

Table 6
Causes of death in sympathectomized patients

Cause of death Numper of
patients
Cardiovascular insufficiency 2
Acute laryngeal oedema 1
Cerebral infarction 1
Total 4

Catamnestic examination (4) up to 6 years after surgical treat-
ment revealed that 7 patients of the group expressed no com-
plaints, 5 patients of these worked in the field of their speciality.
One patient had hemiparesis 15 months after the operation, 1
patient died from cardiovascular insufficiency.

Conclusions

It can be seen from our material that it is possible to reestab-
lish the blood circulation in the internal carotid arteries 2 to 3.5
months after the first neurological symptoms. In our opinion sur-
gical treatment can be indicated in internal carotid artery occlu-
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sions unless the patient is in a comatose condition, or unless he
suffers from cardiovascular insufficiency. In case the reestablish-
ment of the blood circulation in the internal carotid arteries is
impossible, periarterial sympathectomy can be made in the com-
mon and internal carotid arteries, or according to the data avai-
lable in the literature (1, 2, 3) a microanastomosis between the
branches of the temporal superficial arteries and the middle
cerebral artery is indicated.
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XVWPYPITMYECKOE JIEHEHVWE OKK/AK3IUPYHOWUMX
MPOLLECCOB COHHbIX APTEPWUN

3. Paypam, P. Malimpe
Pesome

B 1963— 1978 rr. B TapTyCKOM HEMPOXUPYPIrNYECKOA K/IVHUKE
onepupoBanin 47 60/bHbIX, M3 KOTOpbIX Yy 31 6bl1a OKKJIHO3USA
BHYTpPEHHEIA, ¥ 4 — O00OLWE COHHOM apTepun, y 12 — CTEH03 BHYT-
PEHHEIA COHHOIA apTepun.

Y 30 60/IbHbIX MPUMEHUAN TPOMO3IHAAPTEPIKTOMUIO BHYTPEH-
HelA N OOLWEA COHHO apTepuia, y 16 nepuapTepuasibHyl cumnarT-
SKTOM'MII0 COHHbIX apTepuii. Mpuuem y 19 TpPoMOG3IHOAPTEPIKTOMU-—
pPOBaHHbIX 60/1bHbIX BOCCTAHOBWUJ/ICA KPOBOTOK BHYTPEHHEA COHHOM
apTepun. BoccTaHOBJIEHME KPOBOTOKa ObI/I0 BO3MOXHbIM U 4epes
2—3,5 Mecsua rnocsie  BO3HUMKHOBEHUS  MepBbIX HEBPOSIOrMYECKUX
cumnTomoB. O6pa3oBaHMe peTpomM6030>B B MOC/IE0MEPALMOHHBLIIA Me-
puoa Habnwpaanocb y 4 60/bHbIX. V13 TPOMOG3IHAAPTEPIKTOMUPOBAH—
HbIX 60/IbHbIX OTHOCUTEsIbHO BbI3AopoBesin 18, BbiNucanucb 6e3 re-

pemeH — 5, ymepsimu — 7. N3 CMMNATIKTOMUPOBAHHbIX 60/IbHbIX
BbI34opoBesin 6, nonpaBusince — 4, BbiNUca/INCb 6€3 nepemMeH — 2,
ymepsivn — 4.

ABTOpbl CUMTAT MOKa3aHHbIM onepaTMBHOE BMeLaTesSIbCTBO Y
60/IbHbIX C OKKJIO3UEIA BHYTPEHHEA COHHOIA apTepuu, ec/iv Yy HUX
He MMeeTCA CepAeYHO-COCYAMCTOMA HeAoCTaTOYHOCTUM WM aHruorpa-
(hMYecKn He YCTAHOBJIEHO 3aMefJ/IeHUs KpOBOTOKa Mo3ra. Ecninm He
y[aeTcs BOCCTaHOBUTb KPOBOTOK BHYTPEHHELA COHHOA apTepuu, Mo-
KasaHa nepuapTepuasibHas CUMMATIKTOMUA O06LLEIA, BHYTPEHHeIA 1
Hapy>KHOIA COHHOA apTepuiA.
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SURGICAL TREATMENT OF SPONTANEOUS
INTRACEREBRAL HEMORRHAGES

E. Raudam, R. Paimre

Tartu State University

In many cases of a large intracerebral hemorrhage a conser-
vative treatment has no effect, the patients die in some days
after falling ill due to brainstem compression. If the surgical
treatment is used in time, cases of death are not so frequent.

Surgical material

At the Neurosurgical Clinic of Tartu patients with an intra-
cerebral hemorrhage have been treated surgically since 1957. Up
to the end of 1978, 62 patients have been operated on. 36 of them
were men and 26 women. For the age of the patients see Table 1

Table 1
Age of patients
Age (in years) Number of patients

10—20 2
21— 30 5
31—40 5
41— 50 13
51— 60 19
61— 70 15
71— 80 3

Total 1 62

Etiological factors are given in Table 2. In most cases hemorr-
hage is provoked by some physical strain. The cause of intra-
cerebral hemorrhages of the persons whose age was not more
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than 40 years can be intracerebral arteriovenous aneurysms,

N\ which are diagnosed by the use of a serioangiograph; arterio-
venous microaneurysms are diagnosed by studying the operation
material histologically. The material of the last 10 years shows
that chronical alcoholism is an etiological factor.

Table 2
Etiological factors

Etiological factors Number of patients

Hypertension, arterial hypertension
with atherosclerosis 43

Atherosclerosis 6
Arteriovenous aneurysm 2
Thromboangiitis 1
-Chronical alcoholism 5
Unclear 5

Total 62

The location of hemorrhage was determined on the basis of
neurological, echoencephalographical and angiographical investi-
gations. Hemorrhage is most frequent in the temporal lobe (see
Table 3). It is worth mentioning that the focus of the hemorrhage
of the patients who suffered from chronical alcoholism was larger
and was located in two lobes (in the area of the temporal and
frontal or the frontal and parietal lobe).

Table 3
Location of hemorrhage in the brain
Location of hemorrhage on th_e right On t.he left Total
side side

Frontal lobe 3 3 6
Temporal lobe 17 18 35
Frontal and temporal lobe 4 5 9
Frontal and parietal lobe 3 2 5
*Capsula interna 2 3 5
Cerebellum — 2 2
Total 29 33 62

Out of 62 patients operated on by us, 31 were before the ope-
ration unconscious (see Table 4).
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Table 4
State of consciousness before operation

State of consciousness Number of

patients
Coma 31
Sopor 20
Somnolence 6
Normal 5
Total 62

Surgical method and results

We performed a large craniotomy or trepanation with subtem-
poral decompression during the operation. The exact place of the
hemorrhage was fixed by observation and palpation of the brain
and by the puncturing of the hemorrhage. After puncturing the
hemorrhage and aspiration of the fluid blood through a needle
encephalotomy was made and the coagulated blood was rinsed
out. A rubber tube tampon was left in the cavity of the hemorr-
hage for 24 to 48 hours.

The results of the operation depend on the state of the
patient’s consciousness (see Table 5).

Table 5
Results of operations
State of .
consciousness Recovered Died Total
Coma 6(19.4%) 25(80.6%) 31(100%)
Sopor 17(85.0%) 3(15.0%) 20(100%)
Somnolence 4 2 6
Normal 5 — 5
Total 32(51.6%) 30(48.44%) 62(100%)

Of the 31 patients operated on in the state of coma, 6 recove-
red (19.4%), 12 patients (38.7%) recovered temporarily, they
regained consciousness. They lived from 6 up to 117 days after
the operation and died due to complications, mostly due to cardio-
vascular insufficiency and bronchopneumonia. Out of the 51
patients operated on extraordinarily in coma or sopor, 23 re-
covered (45%).

Causes of the death of the patients are given in Table 6.
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Table 6

Cause of death

Number of

Cause of death .
patients

Brain oedema

Large (including intraventricular) hemorrhage
1 Recurrent intracerebral- hemorrhage

t Acute cardiovascular insufficiency
Bronchopneumonia

JPurulent meningitis

Carcinomatosis

Thromboangiitis

P RRPONNMNO®

w
o

Total

Discussion

According to the data available in the literature, it is still
debatable when to operate on an intracerebral hemorrhage —
whether to wait for the recovery of the patient’s general state
of health or to carry out an extraordinary operation.

From the recently published literature (1, 2, 3) it seems that
computertomography is of immense diagnostic value in diagnos-
ing the foci of intracerebral hemorrhages early, pointing out
their exact size and location. Due to that circumstance neurosur-
geons have become more active and carry out an operation on
an intracerebral hemorrhage at once when it causes intracranial
hypertension, and when the patient’s consciousness is progressi-
vely deteriorating (3).

In our opinion (6, 7, 8 an extraordinary neurosurgical ope-
ration is necessary since the patients having large hemorrhages
die mostly some hours or days after the formation of the hemor-
rhage. An early operation helps to avoid the development of a
brain oedema and damage to the brain stem. It is obvious that
the deeper the disturbances of consciousness, the greater the
lethality. It is possible to save some patients who have been

1 for a short time in deep coma by removing the hemorrhage early

and by using intensive care after the operation.
According to the data of Yarnell and Earnest (4), 14% of the
patients who needed an extraordinary operation recovered.

Conclusions
From this material we can conclude that in spite of high
lethality neurosurgeons have to carry out an extraordinary ope-
ration on the patients having an intracerebral hemorrhage.
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Only in case the hemorrhage is located deep in the brain
hemisphere from which the blood has penetrated into the ven-
tricles or the patients are in deep coma, surgical treatment is not

indicated. '
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XNPYPITMUYECKOE JTEYHEHWE CIMNOHTAHHBIX
BHYTPVMO3IOBbIX KPOBOU3NAUAHUN

3. Paypgam, P. Mavimpe
Pe3ome

B TapTyc;:01 HeLAPOXUPYPrUYECKOIM KJ/IMHUKE 3aHMMAaKTCa  XU-
PYPrUYECKUM JieYEeHVNEM CMOHTaHHbIX BHYTPMMO3IOBbIX KPOBOU3J/INA-
HiA ¢ 1957 roga. o 1978 r. onepmpoBaHO 62 60/1bHbIX. V3 HUX
Obl/I0 MYXXUMH 36, XeHWwWMH — 26. B KayecTBe 3TUOSIOMNYECKUNX
(hbakTOpOB AMArHOCTUPOBa/IN TUMNEPTOHMYECKYHO 00/1€3Hb BMeECTe C
aTepockKsiepo3oM B 43 cny4yasax, aTepocKsiepo3 6e3 MoBbIWEHUSA KpPO-
BAHOro [faBsfieHUs — B 6, apTepuo'BEeHO3Hble aHeBpU3Mbl — B 2,
XPOHUYECKNIA ankorosimam — B 5, Tpom6aHrut — B 1 cniydae.
3Tnonorns octasiaCb HEBbICHEHHOM B 5 criydasx.

Nokannsaumsa oyara BHYTPUMO3r0OBOr0 KpOBOWU3NIUAHWUA onpege-
nanace N0 K/VHUYECKOIA KapTuUHE U MPUMEHEHUI0 3X03Huedasnorpa-
hnyeckux n aHruorpauyeckux wuccrefoBaHUIA.

MeToaom onepauun MpUMEHANIN UK LLUPOKYIO KPaHMOTOMUIO Wn
TpenaHauuto, Bcerga BMecTe € CcybTeMmnopasibHOMA [AeKOMIMpecCUei.
TBepayt MO03roByl 060/104KY BCKpbIBas/in, rematomMy MYyHKTWUpPO-
Ba/IM M acnupumpoBann. 3aTeM BCKpbIBa/IM MO/I0CTb remMaToMbl W
(DU3NONOrMYECKNM  PacTBOPOM MPOMbIB/IN-YOANANN  KPOBSAHbIE
CrycTKu. B o6pa3oBaBLUELACA MO/0CTU OCTaB/A/IM Pe3NHOBYI Tpyo6-
Ky Ha 24—48 yvacos.
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M3 onepumpoBaHHbIX B KOMAaTO3HOM CcOCTOsAHUM (31 6GonbHOIA)
nonpasmnucb 6 (19,4%), y 12 (38,7%) Habnwopanocb BpeMeHHOe
ynydlweHue, OHW MpuWN B CO3HaHWe, Xunm 6— 117 gHeia nocrne
onepauum N ymepan 0T KOMMJIMKaUMEA — ib OCHOBHOM OT 6GpOHXO0-
MHEBMOHMN W CEepAeYHOA HeAoCTaTOYHOCTWU. M3 onepupoBaHHbIX B
COMOpPO3HOM cocTosiHUKM (20 60/1bHbLIX) — nonpaBuAucb 17, ymepan
3, B COMHOJIEHTHOM COCTOsSSHUM (6 60MbHbLIX) — MonpaBuUANCL 4,
yMmepan 2 60/1bHbIX. 5 0MepupoBaHHbIX 60/IbHbIX 6e3 paccTpoiCTB
CO3HaHWUA — rMonpaBU/INCh.

Mo MHeHWIO aBTOpPOB, MNPW BHYTPUMO3rOBbIX remMaTomMax noka-
3aHa J3KCTpeHHasa onepayus. [1y60okme BHYyTpuUMosywapHblie U

NMHTPaBEHTPUKYJIAPHbIE KPOBOU3J/TUAHUA CHUNTAKOTCA Heonepa6enb-
HbIMW.
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IMMEDIATE AND LONG-TERM PROGNOSIS IN SAH DUE
TO RUPTURED INTRACRANIAL ANEURYSMS

T. Randvere, A. Perli, J. Kdrm

Tallinn Republican Hospital

Up to now considerable attention has been paid to the prob-
lems of prognosis and treatment of SAH caused by intracranial
aneurysms. It has been estimated that about 35% of the patients
with initial bleeding die within 2—3 days after the onset of symp-
toms (4, 5). But rebleeding has also been a major cause of death.
Many neurosurgeons indicate high rebleeding rates with a high
mortality during the first weeks after SAH (1, 2, 5 6, 7).
Although the frequency of rebleeding among non-operated
patients then gradually diminishes, the figures for the following
2—3 years remain relatively high and are rather different in
many neurosurgeons’ reports — 30—69% (I, 3, 5).

The main object of this study was to evaluate the rebleeding
risk in connection with the aneurysm site, the neurological condi-
tion and the time interval elapsed from the initial bleeding, and
also to examine the mortality due to recurrent SAH.

From 1966 through 1979, 168 patients with ruptured intra-
cranial aneurysms were treated at the neurosurgical department
of the Tallinn Republican Hospital.

The incidence of SAH caused by ruptured aneurysms was
somewhat higher for women — 52% (96) than for men — 48%
(72). No significant difference was apparent in their median ages
— for women 45, for men 42 years.

Among our patients’ 41% (67) had an aneurysm on the
anterior cerebral-anterior communicating complex, 30% (53) on
the intracranial portion of the internal carotid artery, 21% (39)
on the middle cerebral distribution, 3% (5) on the posterior com-
municating and 2% (4) on the basilar artery.

In our series of 168 patients, 101 were treated surgically, 57
conservatively. The usual timing for surgery was 12— 13 days
from SAH or rebleeding. The reasons for conservative treatment
wer mainly the refusal of the patients to accept an operation, or
the type of aneurysms was considered technically difficult. In
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some cases the patients were rather old or were suffering from
other serious diseases. The patients in a poor neurological con-
dition also belonged to this group.

Out of our 168 patients (those prior to an operation or those
non-operated), 41% (69) had a recurrent bleeding, in 21% (35)
of them it occurred twice.

The percentage of rebleeding was higher — 58% (39) for the
anterior cerebral-anterior communicating complex, followed by
45% (24) for the internal carotid group and 15% (6) for the

Fig. Graphic comparison of rebleeding rates at intervals follo-
wing SAH for the whole group and the conservatively treated
group

middle cerebral group. The corresponding figures for the second
rebleeding were 30% (19), 25% (13) and 7% (3).

105 patients were admitted to our department in a relatively
good, 63 in a poor condition (according to Botterell’s classifi-
cation). Recurrent SAH was observed in 42% (44 of patients in a
good condition and 39% (25) in a poor condition.

The recurrence of SAH occurred within the first and the
second week in 35% (24) and 28% (19) of the cases. The rebleed-
ing rate was lower in the third and the fourth week — 12% (8)
and 12% (8), respectively leaving 7% (5) and 7% (5) of cases
for the following two weeks. Comparing the rebleeding rate of
conservatively treated patients (which is nearest to the actual
natural course following SAH) with the previous one, the corre-
sponding numbers of cases for the weeks were — 11, 8, 5, —, 1,3
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respectively. In reveals that the rebleeding frequency distribution
gradually diminished in the subsequent intervals (Figure 1).

3.5% (6) of the patients died because of a progressive deterio-
ration of the clinical condition after SAH, 4% (7) following the
rebleeding and 8% (14) after the second rebleeding. Of all 69
cases of recurrent SAH, death occurred in 30% (21) of the cases
mostly following the second rebleeding — 20% (14). Mortality
was directly related to the recurrence of SAH (Table 1).

Table |

Distribution of causes of death brought about by SAH for each
aneurysm site

Cause of death
Aneu- No. of No. of ,s\l&onczjf
rysm SAH rebleed- progres- first second
. . reblccd- . .
site eases ings inas sive rebiee- reblee- total
g decline dinfj ding
1
A.C. 67 39 19 1 4 8 13
i.e 53 24 13 — 2 3 5
M.C 39 6 3 1 1 3 5
P.C 5 — — 1 — — 1
Basilar 4 — — 3 — — 3
Total 168 69 35 6 7 14 27

Death after surgery usually was caused by cerebral oedema or
infarction, only in one case it was caused by rebleeding. The clip
had slipped off from the neck of the aneurysm. The patient died
before reoperation.

Data of follow-up results were obtained from 63 surgically and
29 conservatively treated patients (total 92). The patients were
checked personally if possible, otherwise information was received'
from patients or district neurologists by mail.

During the mean follow-up interval of 3.5 years (from 6
months to 10 years), the mortality was 18% (17).

Recurrence of SAH was the cause of death for 10% (9) of the
patients. In the conservatively treated group it was 21% (6), in
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the surgically treated group — 5% (3). In 8 cases the remaining-
causes of death were 3 accidents, 4 cardiovascular and 1 pulmo-
nary disease.

Among the conservatively treated patients fatal rebleeding
occurred in two cases within 3 months, in the other cases within
1 2, 4 and 10 years. In the surgically treated group these inter-
vals were 3 months, 1 and 2 years. There were two non-fatal
cases of rebleeding within 2 and 4 years — one proved and one
suspected. Both patients were treated non-surgically.

Our results compared to those of some neurosurgeons (1, 5)
indicate the relatively low fatal rebleeding rate in the follow-up
study, especially after the lapse of two years from SAH.

According to our data, the aneurysm site and the time interval
following the last bleeding were the important factors related to
recurrent SAH. The time period in which rebleeding was most
likely to occur was within 2—3 weeks, the rebleeding rate was
higher for the patients having an aneurysm on the anterior cereb-
ral-anterior communicating artery. Comparison of the rebleeding
rate among patients in a good and a poor condition revealed no
significant difference.

The mortality rate of the survivors of the first bleeding con-
stantly increased after further rebleeding.

The risk of rebleeding with a subsequent mortality and the
follow-up results give further support to the early surgical
treatment to prevent the recurrence of SAH. The follow-up results
may have been influenced by the small number of patients and
therefore it needs further study. But a specific technical ability
and experience of the surgeon are also important factors (post-
operative mortality) in directing patients to surgery or in send-
ing them to more specialised neurosurgical departments.
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HEMOCPEACTBEHHbLIN W OTAANEHHbLIA MPOMHO3
CYBAPAXHOUAANBbHbLIX KPOBOWU3NUAHWUN,
OBYC/NOBNEHHbBIX MHTPAKPAHWAJIbHBIMNA

AHEBPWU3IMAMMU

T. PaHpgBepe, A. lMepn, N. Kbipm
Pe3ome

B AaHHOM uccnenoBaHMM oLleHMBasicA PUCK MOBTOPHOIro KpoBO-
N3MINAHNSA, CBA3aHHBIA C N0KaIM3aumein aHeBpU3Mbl, TSXECTbK CO-
CTOAHUA 6O0SIBHOrO NOC/1e KPOBOU3MUAHUA MPU NOCTYMN/IEHUN U CPO-
KOM C MOMeHTa 3abosieBaHUA.

O6cnepoBaHo 168 60/IbHbIX, U3 HUX Y 69 KPOBOM3INAHUA MOBTO-
pyuancb. M3 rocnmnTasindmpoBaHHbIX 6G0/IbHbIX MOC/Ie MEpPBOro0 KpPOBO-
n3nusaHma ymepso 3,5%, a nocne BTOporo peumgmBa — 8% 60/1b-
HbIX.

Hanbonee uyacTto Habnwpanucb peunamBbl  KPOBOUIUSHUIA Y
60/IbHbIX C aHeBpM3MaMu MepeaHeid win nepegHeii coeguHUTENbHOA

apTepun — 58%, ¢ aHeBpU3MaMW BHYTPEHHEIA COHHOLA apTepun —
45%, pexe y O0O/fIbHbIX C aHeBpPM3MaMW CcpedHeiA MO3roBOIA apTe-
pun — 15%.

Cyb6apaxHoAmnasibHble  KPOBOM3IUAHMA  MOBTOpUAIMCL Yy  42%
60/IbHbIX, MOCTYMNMBLUMX B OTHOCUTESIbHO Xopowem u 'y 39% nocTy-
naBwWmMx B 06osiee TSHKENOM COCTOSHUM (KMaccuumkaums no bBoTa-
pennwu).

M3 cny4vaeB MNOBTOPHbIX KpoBOM3NMSAHULA 35% Habnwpganocbs B
nepsyt, 28% BO BTOpylo, 12% wn 12% B TpeTbld U B YETBEPTYIO
Hepenwn, a 7% w 7% B cnegyowmne aBe Befesn.

KaTamHecTnyeckn 6bis10 06cnenoBaHo 92 6onbHbIX  (CcpegHAs
ONMTeNbHOCTb KaTamHe3a 3,5 roga). OT MOBTOPHbLIX KPOBOM3/IUAHWNIA
norn6sio 21% 60/bHbIX, MOMYUYMBLUNX KOHCEPBATUBHOE JsleveHune, U
5% wn3 onepupoBaHHbIX.

Mo paHHbIM HaWKWX uWcCNeaoBaHUIA, peumamBbl cybapaxHomaanb-—
HbIX KpPOBOU3/UAHUIA Habnwpannucb Yawe y 60/1bHbIX C aHeBpU3-
MaMu nepegHein an nepegHein COeANHUTENbHOLA apTepuiaA N BHYTPEH-
HOIA COHHOA apTepuid. KpoBOM3MIMAHUA MOBTOPSASINCL B 60/1bLUMHCTBE
C/Qly4yaeB B MepBble [Be HeAenv, U KX 4acToTa He 3aBucena oT TH-
)KeCTU HEeBPOJSIOFMNYECKOro COCTOSIHMA rocse 3abosieBaHus.

CnepoBaTesibHO,  BOMpPoOC 0  MNpeaynpexaeHnm peunanBoB
cybapaxHoMAasnibHbIX KPOBOU3MUSAHUIA MNPU MOMOLLW XUPYPTrMYECKOro
BMellaTe/IbCTBa HeobX0o4MMO peWnNTb KaK MOXHO paHblle, B Teuye-
HVEe MepBbIX Heaesb.
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