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SUMMARY

Introduction Subarachnoid haemorrhages (SAH) of unknown aetiology usually have a mild clinical
presentation, favourable outcome and low complication rate.

Objective The aim of this study was to analyse the complications in two forms of angiogram-negative
spontaneous SAH: pretruncal (PNSAH) and nonpretruncal (NPNSAH).

Methods The study group involved 18 patients with PNSAH and 16 patients with NPNSAH. CT scan was
done within 72 hours from bleeding. All patients underwent four-vessel cerebral angiography. Repeat
angiography was performed in five PNSAH and all NPNSAH patients.

Results Twenty-nine patients were in grade | or Il of the Hunt-Hess Scale (17 PNSAH and 12 NPNSAH).
There was one case of rebleeding (NPNSAH patient), 10 cases of transient acute hydrocephalus (4 PNSAH
and 6 NPNSAH). Cerebral vasospasm visualized by angiographies in two NPNSAH patients was local and
mild, but was not found in PNSAH patients. Acute electrocardiography changes were found in 19 patients
(significantly more frequently in NPNSAH than in PNSAH, 12 and 7 patients, respectively; p=0.037).
Conclusion Cardiac problems following these types of SAH are more frequent than expected, and there-
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fore cardiac monitoring is necessary.
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INTRODUCTION

According to subarachnoid blood distribution,
angiogram-negative subarachnoid haemor-
rhage (SAH) can be divided into diffuse, focal
and perimesencephalic. Recently, findings of
improved neuroimaging studies have shown
blood to be located in front of the pons rather
than perimesencephalic, and suggested to
rename perimesencephalic to pretruncal non-
aneurysmal SAH (PNSAH) [1]. In the non-
pretruncal nonaneurysmal SAH (NPNSAH),
there are diffuse or focal patterns of bleeding.
Several studies [2, 3] have shown that SAH
of unknown aetiology usually have mild clini-
cal presentation and favourable outcome that is
highly specific for PNSAH, which is also con-
sidered to be a benign condition [4, 5].
Favourable outcome implies a low incidence
of SAH complications. Rebleeding is uncom-
mon in PNSAH [6], and occurs as an exception
[7]. If vasospasm happens, it is usually mild
and focal, while diffuse and severe vasospasms
are exceptions [4]. Acute hydrocephalus is
often transient and complete recovery usually
occurs [8]. As within global population of SAH
patients, hyponatremia and cardiac problems
may be encountered in these types of haemor-
rhage as well. PNSAH and NPNSAH have bet-
ter outcome than aneurysmal one [3], but these

two subgroups of angiogram-negative haemor-
rhages have different incidence of rebleeding
and vasospasm - the complications of SAH
which are the most common cause of morbid-
ity and mortality [2, 9].

OBJECTIVE

The aim of this study was to analyse the com-
plications in two forms of angiogram-negative
SAH - pretruncal (PNSAH) and nonpretrun-
cal (NPNSAH).

METHODS

We examined 36 patients using CT scan within
the initial 72 hours from bleeding, and after ini-
tial angiographic examinations they were sepa-
rated into two groups: 18 patients with PNSAH
and 18 patients with NPNSAH. The study was
prospective.

In PNSAH, blood can be localized, but not
necessarily, into the front part of ambient cis-
terns, and into the basal parts of the Sylvian
fissure. There is no complete filling of the front
interhemispheric fissure, with or without mini-
mal filling of the lateral parts of the Sylvian fis-
sure, with the lack of intraventricular blood [10,
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11], but small amounts of blood sediment in the occipital
horns of the lateral ventricles is permissible [12]. Those
angiogram-negative haemorrhages that did not fulfil the
criteria mentioned above were named NPNSAH.

Initial four-vessel digital subtraction angiography (DSA)
was performed in all patients and revealed no diagnostic
findings. Repeat DSA performed in five PNSAH and all
NPNSAH patients revealed aneurysms in two NPNSAH
patients. They underwent surgery and were excluded from
our study. Repeat DSA in the remaining patients was nega-
tive. Besides DSA, MRI was obtained in seven patients and
no finding of operative importance was found.

Clinical data were obtained immediately by physical
examination of patients or by reviewing medical records.
Clinical status of the patients on admission was scored
according to the Hunt-Hess Scale and Glasgow Come Score
(GCS). Radiological markers of complications, ECG and
laboratory findings were taken from medical records.
ECG findings suggestive of arrhythmia (sinus tachycar-
dias, atrial or ventricular extrasystoles, bradicardia), or
coronary insufficiency (inverted T-waves, Q-T prolonga-
tion, S-T segment elevation or depression, pathological
Q-wave) were considered in statistical analysis. Patients
with medical history of coronary disease or arrhythmia
(4 and 3, respectively) were not considered in this analysis
and exception were those with new ECG changes. After
discharge, the patients were seen in the outpatient clinic,
or interviewed by telephone.

Basic screening (coagulation) laboratory tests were
performed in all of our patients: platelet count (reference
values - r.v. 150-450x10°/L), bleeding time for platelet
function (Duke method; r.v. 1-3 min), activated partial
thromboplastin time (aPTT; r.v. 24-35 s), International
Normalized Ratio (INR; r.v. 0.8-1.2). In nine patients
we performed specific factor assays, like thrombin time
(TT; r.v. 15-20 s). Analyses of serum electrolyte were also
performed: serum sodium (r.v. 135-148 mmol/l), potas-

Figure 1. CT of patients with PNSAH (A) and NPNSAH (B)

sium (r.v. 3.5-5.5 mmol/l) and calcium levels (r.v. 2.2-2.65
mmol/l). Also, glycemia (r.v. 3.9-6.1 mmol/l), blood cho-
lesterol (<5.2 mmol/l) and lipid status (<2.3 mmol/l) were
also checked.

The patients were followed up for 4 to 46 months (mean
21.3 months).

In our study the assessment of statistically significant
differences was performed by Student’s t-test, Fisher’s or
Mantel-Haensezel Chi square test.

RESULTS

There were 18 PNSAH and 16 NPNSAH patients in our
study (Figure 1), 14 males and 20 females. In PNSAH
patients, there were 10 males and 8 females. The age in
PNSAH patients ranged from 21 to 74 (46.6£13.9) and in
NPNSAH patients from 27 to 69 (49.9£12.1) years.

In five PNSAH patients (27.7%), CT findings showed
complete filling of all perimesencephalic cisterns, which
was not the case in the remaining 13 PNSAH patients.

Twenty-nine patients were in grade I or II of the Hunt-
Hess scale (17 or 94.4% PNSAH and 12 or 75% NPNSAH).
Only one PNSAH was in grade III, but three NPNSAH
patients were in grade III and one in grade IV (Table 1).

Rebleeding occurred only in one female NPNSAH
patient about a month after the initial haemorrhage. She
was again hospitalized and repeat DSA showed no cause
of rebleeding. After admission therapy, the patient was
discharged in good condition.

In four PNSAH patients (22.2%) and in six NPNSAH
patients (37.5%) acute hydrocephalus occurred (Table 1).
Three of the four PNSAH patients that developed hydro-
cephalus had complete filling of all perimesencephalic
cisterns. The severity of ventricular dilatation and clini-
cal course of the patients gave no reasons for doing ven-
triculostomy in any of the cases. At the end of our study,
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Table 1. Assessment of statistically significant differences in the appea-
rance of complications and clinical status in PNSAH and NPNSAH patients

Clinical status or type Angiogram-negative SAH

of complications PNSAH NPNSAH P
GCS<12 on admission 0 (0 %) 1(6,25%) 0.470
SLan‘{_eﬁgl:gfa'l\é ofthe | (5.69%) 4 (25%) 0164
Hydrocephalus 4 (22.2%) 6 (37.5%) 0.457
Rebleeding - 1(6.25%) 0.470
Vasospasm - 2(12.5%) 0.213
Acute ECG changes 7 (38.9%) 12 (75%) 0.037
Hyperglycaemia 9 (50%) 11 (68.8%) 0.268
Working inability 3 (16.6%) 4 (25%) 0.682

there were no clinical or radiological signs of chronic
hydrocephalus.

There were no clinical or radiographic signs of vasos-
pasm in any of the PNSAH patients, while in two NPNSAH
patients a mild and local cerebral vasospasm (on a. basilaris
and a. cerebri anterior) was visualized on angiography.
Repeat DSA revealed no cause of haemorrhage.

Laboratory findings showed electrolyte disbalance in
many cases. The most common finding of hypokalemia
was almost equally found in both study groups: in seven
PNSAH and in eight NPNSAH patients, ranging from 3.4 to
4.0 mmol/l. In three NPNSAH patients and in one PNSAH
patient hypocalcaemia was detected. Hyponatremia was
revealed in one PNSAH patient only. Hyperglycemia was
found in nine PNSAH (50.0%) and 11 NPNSAH (68.8%)
patients, and in two NPNSAH and one PNSAH patient
there was a history of diabetes mellitus (Table 1).

Acute ECG changes were found in 12 out of 16
NPNSAH patients (75%) and seven out of 18 PNSAH
patients (38.9%). The signs of coronary insufficiency
(inverted T-waves, S-T segment depression, negative Q)
were found in four PNSAH and nine NPNSAH patients.
Cardiac arrhythmias were recorded in four PNSAH and six
NPNSAH patients, and most often as bradycardia (in four
cases), systolic tachycardia (in four cases), and ventricular
extrasystolics (in two cases). Sometimes, there was a com-
bination of ECG morphology changes and arrhythmias in
the same patient. Acute myocardial infarction occurred
in one NPNSAH patient, and cardiac-specific enzymes
confirmed it, while in two PNSAH patients we found

Table 2. Assessment of statistically significant differences in the presen-
ce of risk factors in PNSAH and NPNSAH patients

Variable PNSAH NPNSAH p
Mean age (years) 46.6 49.9 0.112
Male gender 10 (55.55%) | 4(25.00%) 0.075
Chronic coronary

disease 2 (11.11%) 2 (12.55%) 0.999
History of arterial

hypertension 4(22.22%) 6 (37.5%) 0.457
Chronic coronary

dysrhythmia 1 (5.55%) 2 (12.55%) 0.591
Current smoker 5(27.77%) 9 (56.25%) 0.097
Hypercholesterolaemia | 7 (38.88%) 10 (62.50%) 0.175
Hypertriglyceridemia 5(27.77%) 6 (37.5%) 0.551
History of diabetes

mellitus 1 (5.55%) 2 (12.55%) 0.591
Body Mass Index

>30 kg/m? 0 (0%) 2 (12.55%) 0.214

doi: 10.2298/SARH1202008K

ECG changes presented as negative Q in one of the leads,
but without enzyme or echocardiography verification of
myocardial infarction. At the end of our study;, all of the
patients were alive.

As presented in Table 1, NPNSAH patients usually had a
slightly severe clinical presentation, and higher prevalence
of complications compared to PNSAH patients; however,
statistical analysis revealed no significant differences with
exception of ECG changes (p=0.037; p<0.05). In addition,
there were no significant differences in the presence of
risk factors in PNSAH and NPNSAH patients (Table 2),
although a trend toward less smoking (p=0.097) and less
likely to be a female (p=0.075) in PNSAH patients was
visible.

DISCUSSION

The most common cause (75-80%) of spontaneous sub-
arachnoid haemorrhage is aneurysm rupture. The second
most frequent cause (4-5%) is bleeding from arterio-venous
malformations [13]. However, the cause of SAH cannot be
identified in 15-24% [14, 15]. PNSAH is found in 50-75%
of patients with angiogram-negative SAH [12].

Various causes of angiogram-negative SAH have been
proposed: cerebral or spinal vascular malformation, vascu-
litides, tumour of the brain or spine, infections, blood dys-
crasias, venous or sinus thrombosis, consumption of some
drugs or nonvisualised aneurysms. Aetiology of PNSAH is
the subject of discussion, because some authors find venous
[16] and some arterial [5] origin of PNSAH.

In 5% to 10%, a typical PNSAH finding on the initial
brain CT is the result of posterior circulation aneurysm
rupture, so that some aetiological doubts must remain
until angiography findings eventually eliminate aneuris-
mal cause of bleeding [3, 17, 18, 19].

It must not be forgotten that angiography carries 0.07-
0.50% risk of permanent neurological deficit [12, 20]. Most
experts agree that repeat angiography is not indicated
in patients meeting the criteria of PNSAH [15, 21, 22].
However, there is another group of authors [23] who disa-
grees with the previous one. According to the third group
of authors [24], the most beneficial option for patients with
a perimesencephalic pattern of haemorrhage on CT is CT
angiography only.

In SAH patients, repeat angiography is indicated in cases
of incomplete visualization of all cerebral blood vessels on
the initial four-vessel angiogram, vasospasm, dislocation
of cerebral arteries, suspicious findings, and depending
on subarachnoid blood distribution on CT, in all cases of
diffuse and focal SAH [15].

Commonly, PNSAH appears in the middle-aged
patients, aged around 50 years [12], although cases of
paediatric PNSAH are well known [25]. In some studies
[7,26], all of the PNSAH patients were in grade II or I, in
others the impairment of consciousness was reported, but
very rarely [2, 27].

In 22% of PNSAH patients acute hydrocephalus occu-
rred, which is a slightly lower percentage than in the study
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of Rinkel et al. [28] (27.5%). These authors found a statis-
tically significant correlation between complete filling of
all perimesencephalic cisterns and hydrocephalus occur-
rence. The presence of blood in the basal cisterns is a major
blocker of the cerebro-spinal fluid (CSF) circulation in the
tentorial hiatus region, and therefore the direct cause of
ventricular dilatation [28]. However, the size of ventricles,
amount of blood in the rest of subarachnoid space, natu-
ral route of CSF, can also be important in hydrocephalus
genesis. This is an explanation of a higher incidence of
ventricular dilatation in NPNSAH patients compared to
PNSAH ones.

Cerebral vasospasm (CVS) is not typical of PNSAH
patients; however, some authors describe diffuse and
severe forms of this complication [4, 2]. This is of great
importance because CVS is the most significant cause of
morbidity and mortality in patients surviving SAH long
enough to reach medical care [13]. Knowing the fact that
maximal frequency of CVS onset is between the 6™ and
8t day after SAH, and that it usually resolves over 3-4
weeks [22], we performed repeat angiographies in both
CVS cases after 22 days and found complete resolving. A
sufficient amount of blood located at specific sites is the
most important factor in CVS pathogenesis. Almost all
severe CVS patients consequently develop signs of brain
ischemia of the areas irrigated by spastic arteries [29].

Annual risk of rebleeding in angiogram-negative SAH
patients is 0.5% [13]. There was no single case of rehaem-
orrhage in the PNSAH patients in our study, similar to
the studies performed by Rinkel et al. [6], or by Barth
et al. [26]. Nevertheless, there are some case reports of
rehaemorrhages in PNSAH patients after 30 months [7].
According to Roos et al. [30], in 34% the major causes of
unfavourable outcome in SAH patients are the effects of
initial rebleeding.

Morphologic ECG changes occur in 50-90% of SAH
patients [31]. In our study, 39% of PNSAH and 75% of
NPNSAH patients had newly abnormal ECG findings,
which is rather high considering the benign character of
these types of SAH. We found a significantly higher fre-
quency of ECG abnormalities in the NPNSAH patients
compared to PNSAH ones (p=0.037; p<0.05). The most
common findings are broad or inverted T-waves, Q-T pro-
longation, S-T segment elevation or depression [32]. ECG
abnormalities after SAH are hard to distinguish from acute
coronary syndrome, and sometimes are interpreted in such
way. Pathological Q wave can be found, but it is transient
like S-T segment elevation or depression [33], or broad or
inverted T-waves, and can persist as long as eight weeks
[34]. Except for morphological ECG changes, arrhythmias
can be found in more than 75% of SAH patients, usually
tachyarrhythmias and bradicardias [35]. Most of them
are benign, like sinus tachycardias, atrial or ventricular
extrasystoles. Our results showed a lower frequency of
rhythm disorders than in the general SAH population. In
two cases with pathologic Q in one lead only there was
neither enzyme verification of myocardial necrosis nor

ultra sound dysfunction of the myocardium. The find-
ing of pathologic Q in less than two linked leads is not
pathognomonic for myocardial necrosis, and could have
transient characteristic. All of the patients that developed
cardiac problems did so in the acute phase of SAH, and
therefore cardiac monitoring is necessary starting from
admission until signs of improvement appear.

In genesis of cardiac problems following SAH, the
activation of sympathetic nervous system plays the major
role, therefore increasing the level of catecholamines.
Catecholamine releasing is connected to myocardial
necrosis and increased levels of cardiac-specific enzymes,
and very high levels of troponin I imply severe myocardial
damage. Probably, catecholamines have a direct toxic effect
on myocardiocytes or provoke coronary vasoconstriction
and the consequent myocardial lesion [36].

Even minimal pretruncal SAH is a stressful event, which
through stress hormones-releasing catecholamines, cause
intensive glucagons release and glucose mobilization. This
explains that the most common finding in our study was
hyperglycemia in nine PNSAH and 11 NPNSAH patients
including patients in each group with history of diabetes
mellitus.

Hyponatremia frequently follows SAH, as the result
of natriuresis and diuresis. This is caused by the inten-
sive atrial natriuretic factor (ANF) and brain natriuretic
peptide (BNP) secretion, and results in hypovolemia.
Nevertheless, in our study, only one patient had hypona-
tremia, which explains the fact that none of our patients
had cerebral infarction that is three times more often after
SAH in hyponatremic than in normonatremic patients
[37]. But, far more often the values of serum potassium
were above normal, in seven PNSAH and eight NPNSAH
patients, and ranged from 3.4 to 4.0 mmol/l. It seems
that electrolyte disbalance in angiogram-negative SAH
patients differs from usually intensive and severe aneu-
rismal haemorrhage, which triggers more intensive ANF
and BNP releasing.

The variations documented in a study of Flaherty et
al. [38] suggest fundamental differences in the risk fac-
tor profile and aetiology of PMSAH and aneurismal SAH.
Compared to all other SAH patients, those with PNSAH
were younger and less likely to be female or hypertensive
with a trend toward less smoking. Nevertheless, these
authors did not undertake the regression analysis when
comparing PNSAH and NPNSAH cases. In our study, we
found no significant correlation between the type of SAH
and risk factors, although the trend toward less smoking
(p=0.097) and male gender (p=0.075) in PNSAH patients
was obvious. Our study and the performed investigation of
the influence of the risk factors on complication appearance
were limited by small numbers. For this reason, we did not
undertake a multivariate statistical analysis to compare
the cases of complicated PNSAH (or NPNSAH) with the
presence of risk factors to those without it.

The patients from both groups generally had a good
recovery, contrary to the aneurismal SAH [39].
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CONCLUSION

PNSAH and NPNSAH are two distinctive types of bleed-
ing, both with favourable outcome. Results of our study
show a more frequent occurrence of complications in
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Komnaukauuje HakoH aHrMorpam-HeraTuBHe cybapaxHougHe xemoparuje:
KOMMapaTUBHa CcTyamja 601eCHMUKa C NPETPYHKYCHUM U HEMPEeTPYHKYCHUM

KpBapekwem

Anekcangap Koctuh', fiparaH CrojaHoB? MBaH CtedaHoBuh', BecHa HoBak', EMmHa Koctnh?,

[aHuena benepeto-CrojaHoB?, [iparaH BecenvHosuh?

'KnuHuka 3a Heypoxumpyprujy, KnuHuuku ueHtap Huw, Huw, Cpbuja;

2NHcTUTyT 32 pagnonorujy, KnuHnukn uentap Huw, Huw, Cp6buja;

3KnuHnuku uenTap Huw, Huw, Cpbuja;

“‘KnuHuka 3a odpranmonorujy, KnuHuukm ueHtap Huw, Huw, Cpbuja

KPATAK CAOPXA)J

YBop Cy6apaxHougHe xemoparuje (CAX) Hemo3HaTor y3poka
006UYHO VMajy bnary KNMHUYKY CIKKY, MOBOSbaH NCXOA U HY-
CKy CTOMy KOMMaMKaLuja.

Lium papa Linb paga 610 je aa ce aHanvsnpajy KoMnamnka-
Lmje [Ba TWMa aHTMOrPaM-HeraTUBHIX CMIOHTaHUX Cyb6apaxHo-
NOHUX KpBapetba — NpeTpyHKYcHUX (PNSAH) n HenpeTpyHKy-
cHux (NPNSAH).

MeTope papa VicnntaHo je 18 6onecHnka ca PNSAH n 16 6one-
cHuKa ca NPNSAH. CT cH/MaK mos3ra je HauukbeH y npBa 72 ca-
Ta of KpBapeha. CBUM 6onecHuuama je ypaheHa LepebpanHa
aHruorpaduija cBa YeTpu KpBHa cyfa. [loHoBHa aHrnorpadu-
ja je ypaheHa kop neT ncnutanmka ca PNSAH v cBux 6onecHu-
Ka ca NPNSAH.

PesyntaTtu [pema XaHT-XecoBoj (Hunt-Hess) ckanu 3a knacu-
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dukoBare CAX, ko 17 6onecHnka ca PNSAH n 12 ca NPNSAH
yTBpheH je | nnu Il cteneH obosbera. Kop jegHor 6onecHmka ca
NPNSAH poropuno ce NOHOBHO KpBapete, 10K je KOA YeTpu
ncnutaHmka ca PNSAH n wect ca NPNSAH ycTaHoBIbeH npona-
3HU xuapouedanyc. LiepebpanHu Ba3ocnasam youeH Ha aHrui-
orpamuma fiBa 6onecHuka ca NPNSAH 6110 je nokanHor Tuna u
6nar, oK y rpynu ucnutaHuka ca PNSAH Huje 3abenexeH. Enek-
TpoKapanorpadcke n3meHe y akyTHoj dpasm bune cy 3Hauaj-
Ho vewhe kop 6onecHuka ca NPNSAH Hero ca PNSAH (12 npe-
ma 7; p=0,037).

3akbyuak [pobnemu ca cpLem HakoH oBumx Tunosa CAX ue-
whu cy Hero WTo 61 ce OYEKMBaso, Na je 3aTo KapANOOLIKY/
Haf30p 60MeCHNKa HEOMXOaH.

KmbyuHe peun: aHrorpam-HeratvBHa cybapaxHovAHa Xemo-
paruja; KoMnaukaumje; enekTpokapamorpaduja

MpuxBaheH « Accepted: 26/04/2011

V\/\NW.SYp-aI’hJ'S

13



