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PATTERNS OF COMPLICATIONS IN THE
PERIOPERATIVE PERIOD AND MORTALITY
IN PATIENTS WITH ANEURYSMAL
SUBARACHNOID HEMORRHAGE

ABSTRACT

The article presents the results of studying the patterns of complications and mortality from aneurysmal subarachnoid hemorrhage (aSAH) at

the Anesthesiology, Reanimation and Intensive Care Unit (ARICU) of the Republic’s Hospital No. 2 — Center for Emergency Medical Aid (ARICU
RH No. 2 — CEMA) of the Sakha Republic (Yakutia) for the period of 2015-2017. During the study period, various complications were diagnosed in
the preoperative period in 67.3% of the patients and in 64.7% of cases following surgery, and the mortality rate of this group of patients was 5.8%
(9 patients).

The dominating pattern of the preoperative complications was cerebral vasospasm, with the specific gravity of 81.9%. Other complications of
this period included ruptured aneurysms and cerebral edema with dislocation syndrome, 9.0% and 4.8% of the complications, respectively.

The complications during surgeries were of a technical nature and observed in 12.8% of the cases, leading to changes in surgical planning.
These included ruptured aneurysm (85% of intraoperative complications), as well as pronounced cerebral edema and the impossibility of applying
clips.

In the postoperative period, 64.7% of the patients had various intra- and extracerebral complications, which amounted to 61.38% and 38.6%,
respectively, in the patterns of complications. Among the intracerebral complications, delayed cerebral ischemia (DCI) with 39.60% ranked first.
This complication was more often observed in patients transported by air ambulance from district hospitals (32.1%) than among patients from the
city of Yakutsk (19.2%). Among the extracranial complications, nosocomial pneumonia (NP) and severe cerebrocardiac syndrome (CCS) were
more often diagnosed, making 20.79% and 12.87% in the patterns of postoperative complications.

Of the total number of treated patients, 62.2% of the patients were discharged with full recovery, 21.1% - with mild neurological deficit, 10.3% -
with moderate neurological deficit, and 0.6% - in the vegetative state.

The data presented indicate the relevance of the issues related to treating patients with aSAH in the region, as well as the importance of meas-
ures for further improvement of the treatment, diagnostic and organizational-tactical approaches aimed at reducing complications and mortality in
this group of patients.

Keywords: aneurysmal subarachnoid hemorrhage, intracerebral complications, extracerebral complications, cerebral vasospasm, nosocomial
pneumonia.
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Introduction. Currently, aSAH is diag-
nosed in over 75-85% of all hemorrhages
in the subarachnoid space, posing a real
threat to the lives of patients and remain-
ing one of the topical issues in the neuro-
logical stage of reanimatology [13].

The recent studies show that the an-
nual aSAH frequency in the world varies
from 2-22.5 cases per 100,000 of popula-
tion depending on a region, is more com-
mon in people over 50 years of age and
develops mostly in women [9, 10, 13].
According to statistics from the Ministry
of Health of the Russian Federation, the
frequency of newly diagnosed subarach-
noid hemorrhages (SAH) among adults
in recent years has averaged 11.44 per
100,000 of population (in 2015 -13.69; in
2016 - 9.37; 2017 - 11.25 per 100,000 of
population). In the Sakha Republic (Ya-
kutia), the frequency of newly registered
SAH among the adult population for the
same period was 13.60, 11.31 and 12.86
per 100,000 of the population, respec-
tively [3].

The median aSAH mortality rate in
developed countries is as follows: the
United States — 32%, England — 18%,
European countries — 44%, Japan — 27%
[13]. In Russia, the SAH mortality, given
the latest management protocols, is at
the level of 14.5% [6]. According to Chu-
gunova S.A. and co-authors, in 2015, the
Sakha Republic had the share of hemor-
rhagic strokes at 26.2% [8]. Our previous
studies revealed that at the Center for
Emergency Medical Aid of the Sakha Re-
public (Yakutia) in the period 2011-2015
ruptured aneurysms were observed in
50.75% of patients having been operated
for non-traumatic SAH, and the mortali-
ty rate in this category of patients made
34.21% [1].

The modern approach to the treatment
of aSAH involves active neurosurgical
tactics and the use of various methods of
intensive observation and therapy. More-
over, the right timing of surgery, objective
neurological monitoring in the immedi-
ate postoperative period, monitoring the
effectiveness of therapy, as well as pre-
vention of complications are recognized
as the main factors for the successful
outcome of this severe pathology [7, 9]. It
is proved that the main causes of disabil-
ity and mortality of this group of patients
are due not only to the direct effect of
hemorrhage (55% of patients), or its re-
currence (up to 17% of patients) [11], but
also delayed cerebral ischemia, which is
observed in 20-40% of patients [14, 15].

Cerebral vasospasm and ischemic
cerebral damage should be attributed
to the most common and severe compli-

cations during ruptured aneurysms. Ac-
cording to the Fisher grading scale, with
grade 2 basal hemorrhage, cerebral va-
sospasm develops in 100% of cases, and
cerebral ischemia occurs in over 50% of
patients. Cerebral vasospasm, forming
on days 3-4 from the onset of the dis-
ease and reaching the maximum by days
7-14, can lead to total obliteration of the
vascular bed in 20% of cases. Cerebral
infarction develops in more than 60% of
patients with cerebral vasospasm [5, 7,
14, 15].

The next most frequent and severe
complication is aSAH recurrence, devel-
oping in 17-26% of patients with aneu-
rysm, in 5% of patients with arterio-ve-
nous malformation and very rarely with
SAH of a different etiology. Most often,
repeated hemorrhage occurs due to lysis
of a blood clot at the ruptured aneurysm
location, most often on day 1 (4%) and
in the following 4 weeks (1-2% per day)
[6, 9, 11].

Extracerebral complications such as
pulmonary edema, myocardial ischemia,
cardiac arrhythmias, hyperthermia of
noninfectious genesis, venous throm-
bosis with complications, hyponatremia,
which are observed in 10-20% of pa-
tients [6, 9, 11, 15], should be also taken
into consideration.

Thus, the treatment of patients with
SAH, and with aSAH in particular re-
mains a topical issue in practical health
care. From this point of view, a study of
treatment results, an analysis of the fre-
quency of development and patterns of
complications, and mortality of aSAH
patients in the specialized center of the
Sakha Republic (Yakutia) is relevant.

The research objective is to study the
patterns of intra- and extracerebral com-
plications and mortality in aSAH patients
having been operated at the specialized
center of the Sakha Republic (Yakutia) in
the period 2015-2017.

Materials and Methods. We conduct-
ed a retrospective analysis of the peri-
operative complications in 156 patients
having been operated for aSAH and
treated at the Anesthesiology, Reanima-
tion and Intensive Care Unit (ARICU) of
the Republic’'s Hospital No. 2 — Center
for Emergency Medical Aid in the period
2015- 2017.

The age of the patients ranged from
19 to 79 years (mean age 514 + 10.7
years); there were 52 men (33.3%) and
104 women (66.7%). All the patients were
admitted for emergency reasons, with 78
(50.0%) patients having been transport-
ed by air ambulance from district hospi-
tals of the republic.
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The diagnosis of aSAH was confirmed
in the preoperative period by instrumen-
tal studies with the X-ray computed to-
mography (CT); the diagnostic measures
were carried out in accordance with the
guidelines for the management of pa-
tients with SAH [7, 9, 12].

The neurological status of the pa-
tients was assessed at admission and in
dynamics by the Glasgow Coma Scale
(GCS) and the Hunt-Hess scale, before
discharge — by the Glasgow Outcome
Scale [7, 9, 12].

All the patients underwent surgical
treatment: craniotomy for resection, he-
matoma removal, and arterial aneurysm
clipping. The clinical guidelines for the
management of patients with aSAH [9]
were used for determining indications
and scale of a surgery, anesthesia ad-
ministration and postoperative intensive
care.

Results and Discussion. The as-
sessment of the patients' condition by the
conscious state (GCS) and the severity
(Hunt-Hess scale) at admission showed
the following. The conscious state by GCS
was 15 points (full consciousness) in 107
(68.6%) patients, 14-11 points (stupor) —
in 38 (24.4%), 10-9 points (semicoma) —
in 7 (4.5%), 8-6 points (moderate coma)
—in 3 (1.9%), 4-5 points (deep coma) — in
1 (0.6%) patient. There were no patients
in the terminal coma (Table 1).

Assessing the severity of a patient's
condition at the beginning of treatment
by the Hunt-Hess scale is of significant
predictive value in terms of survival. In
the study group, at admission, the se-
verity of state of most patients was as-
sessed at 1 (66 patients, or 42.3%) and
2 points (55, or 35.3%). These were the
patients with full consciousness, minimal
neurological deficit and prediction of sur-
vival at 60-70%. The number of patients
with 3 points was 25 (16.0%) (predic-
tion of survival at 50%); with 4 points - 7
(4.5%) patients (prediction of survival at
20%). The distribution of the patients by
the studied years showed that while the
share of the patients with 1 and 2 points
did not change significantly, the share of
the patients with 3 and 4 points increased
in 2016-2017, and there were 3 (1.9%)
patients with 5 points. These were the
patients in a state of deep coma, with the
prediction of survival at 10% (Fig. 1).

During the study period, an increase
in the number of patients transported by
the Republic’s Center for Disaster Medi-
cine (RCDM) was observed: in 2015 - 14
(29.2%), in 2016 - 30 (50.0%), in 2017 -
34 (70.8%). However, the transportation
time of these patients to the specialized
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Table 1

Assessment of the patients’ conscious state by GCS at admission

Ton
HIKT (6ans) 2015 2016 2017 Hroro
15 33 (68,7) 42 (70,0) 32 (66,7) 107 (68,6)
14-11 13 (27,1) 15 (25,0) 10 (20,8) 38 (24,4)
10-9 2(4,2) 1(1,7) 4(8,3) 74,5
8-6 - 1(1,7) 242 3(1,9)
5-4 - 1(1,7) - 1 (0,6)
3 - - R N
Bcero 48 60 48 156

center from the onset of the ruptured an-
eurysm showed a decreasing trend: 5.4
+ 3.4 days in 2015, 5.5 + 3.8 in 2016 and
3.0£24in2017.

The great majority of the patients (108,
or 69.2%) were operated within the first
5 days from the onset of hemorrhagic
stroke, with 45 (28.8%) patients under-
going surgery in the acute period (in the
first 2 days). The remaining patients un-
derwent delayed surgeries: on days 6-10
- 25 (16.0%) patients, on days 11-15 - 8
(5.1%) patients, and in 16 days or more
- 16 (10.3%) patients. The delayed sur-
gery tactics was applied to the patients
in critical condition with initial scores by
the Hunt-Hess scale at 4 and 5 points
(without intracerebral hematomas requir-
ing emergency surgery), as well as in the
cases of progressing concomitant pathol-
ogies.

The studies of the nature and locali-
zation of aneurysms indicated that sin-
gle aneurysms (78.2% of the cases) and
aneurysms of the middle cerebral artery
(MCA) (47.4%) prevailed. Aneurysms of
the anterior cerebral artery (ACA) and the
internal carotid artery (ICA) made 34.6%
and 18.0%, respectively (Table 2).

In 21 (13.5%) patients, hemorrhage
was accompanied by the formation of in-
tracerebral hematomas with a volume of
over 50 cm?®, and 70 (44.9%) patients suf-

fered blood breakthrough into ventricles
of cerebrum.

A study of the patterns of complica-
tions during the management of patients
with aSAH revealed the following results.
In the preoperative period, complica-
tions were noted in 105 (67.3%) patients.
Cerebral vasospasm (from functional to
severe) was most frequent in the preop-
erative period and was diagnosed in 86
(55.1%) patients, being verified by in-
strumental studies (transcranial Doppler
study with calculating the linear blood
flow velocity, angiography or CT in the
angio-mode). Accounting for 81.9%,
the specific gravity of this complication
among other preoperative complications
was significantly higher. According to the
recent studies, the pathogenesis of vas-
cular spasm and ischemic changes as-
% 5
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Fig. 1. Distribution of the patients by the
Hunt-Hess scale at admission

sociated with it during aSAH is complex
and diverse. Its most important elements
are intracranial hypertension, increased
intracellular Ca?* in smooth muscle cells
and neurons, disruption of cell energy
supply, dysfunction of ion channels, and
inflammatory changes due to the blood-
brain barrier breakthrough. The severity
of vasospasm depends on the scale of a
hemorrhage [5, 11].

In addition, in the preoperative period,
the risk of repeated ruptured aneurysms
remained due to the tactics of delayed
surgeries. Within different periods (from
1 to 10 days), 14 (9.0%) patients expe-
rienced repeated ruptured aneurysms
(13.3% of the preoperative complica-
tions).

Before the surgery, 5 (3.0%) patients
had pronounced cerebral edema with
dislocation syndrome (4.8% of the preop-
erative complications).

The complications during surgery
were observed in 20 (12.8%) cases; they
were of a technical nature and led to
changes in the surgical planning. These
were cases of ruptured aneurysm in
17 patients (85% of the reasons for the
change in operational tactics); thus, the
final clipping was performed on the sec-
ond stage, after the application of tempo-
rary clips on the artery in order to stop the
blood flow. Due to pronounced cerebral
edema and the impossibility of applying
clips in 3 patients (15% of the changes
in operational tactics), the scope of the
surgery was limited to decompression
trepanning. In these cases, two patients
underwent successful embolization later,
and one patient died of a repeated hem-
orrhage.

In the postoperative period, 101
(64.7%) patients experienced various
intra- and extracerebral complications,
which accounted for 61.38% and 38.6%
in the patterns of complications, respec-
tively (Table 3).

The patterns of intracerebral com-

Table 2

Nature and localization of arterial aneurysms

Nature and localization of Years
aneurysms 2015 2016 2017 Total
number | SG (%) number | SG (%) number | SG (%) number | SG (%)
Nature of aneurysm
Single 37 77.1 47 78.3 38 79.2 122 78.2
Multiple 11 22.9 13 16.7 10 20.8 34 21.8
Total 48 100 60 100 48 100 156 100
Localization of aneurysm

ACA 20 41.7 10 16.7 24 50.0 54 34.6
MCA 19 39.6 36 60.0 19 39.6 74 47.4
ICA 9 18.7 14 23.3 5 10.4 28 18.0
Total 48 100 60 100 48 100 156 100
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The patterns of complications in aSAH patients in the postoperative period

Table 3

. eat Years Total
omplications 2015 2016 2017 umbes (00)
Intracerebral complications 17 (16.83) 18 (17.82) 27 (26.73) 62 (61.38)
Delayed cerebral ischemia 8(7.92) 10 (9.90) 22 (21.78) 40 (39.60)
Postoperative epi- and subdural hematomas 1(0.99) 2 (1.98) 1 (0.99) 4 (3.96)
Repeated hemorrhage due to clip
disposition 2 (1.98) - 1(0.99) 3(2.97)
Occlusive hydrocephaly 2 (1.98) - - 2 (1.98)
Meningitis 1(0.99) - 2(1.98) 3(2.97)
Central diabetes insipidus 3(2.97) 6(5.94) 1(0.99) 10 (9.90)
Extracerebral complications 10 (9.90) 17 (16.83) 12 (11.88) 39 (38.61)
Infectious complications, including: 6(5.94) 10(9.90) 8(7.92) 24 (23.76)
i n"s"i""mlal poeumorua, 6 (5.94) 8(7.92) 7(6.93) 21 (20.79)
SCpSIS - 2(1.98) 1 (0.99) 3(2.97)
Pulmonary embolism - 1(0.99) 1(0.99) 2 (1.98)
Severe cerebrocardial syndrome 4 (3.96) 6(5.94) 3(2.97) 13 (12.87)
TOTAL 27 (26.73) 35 (34.65) 39 (38.61) 101 (100)

plications of the postoperative period
were dominated by DCI — 39.60% of all
the complications (40 patients). Moreo-
ver, this complication increased by more
than 1.5 times in 2017 compared to the
years 2015-2016. This can be explained
by the increase in the share of the pa-
tients with 3 and 4 points on the Hunt-
Hess scale, which is demonstrated in
the diagram above (Fig. 1). In addition,
the analysis of each DCI case showed
that this complication was more often
observed in the patients transported by
air ambulance from district hospitals than
among patients from the city of Yakutsk
— 32.1% and 19.2%, respectively. This
fact indicates the importance of ade-
quate prevention and treatment of cere-
bral ischemia during the management of
patients in district hospitals, as well as
their transportation, taking into account
all aspects of its pathogenesis (vascu-
lar spasm, intracranial pressure, energy
supply of neurons, etc.).

Another serious complication occurred
in 10 (9.90%) cases of central diabetes
insipidus (DI). Polyuria, characteristic
of this syndrome, leads to pronounced
water-electrolyte imbalance, requiring
large-volume infusions, the introduc-
tion of potassium solutions, antidiuretic
drugs, and lengthening the duration of
ICU treatment of these patients. In our
study, we observed a female patient with
polyuria up to 34 liters a day. Previously,
we published a clinical case of DI with se-
vere polyuria (maximum daily diuresis of
22.7 liters) for 12 days in a female patient

with aSAH [4].

Being diagnosed in 21 patients and
making 20.79% in the patterns of post-
operative complications, NP stands out
in the extracranial complications. This pa-
thology was confirmed by clinical, instru-
mental (plain radiography and CT of the
chest) and microbiological studies. These
data indicates that the problem of NP for
ICU patients remains relevant. Thus, in a
study conducted at the ARICU CEMA in
2015 on patients with acute impairment of
cerebral circulation, it was found that NP
complicated the course of the disease in
36% of cases, and ventilator-associated
pneumonia was found in 27% of the pa-
tients [2]. Gram-negative microorganisms
were the causative agents of the hospital
pneumonia: Pseudomonas aerugino-
sa (MBL) — 56%, Klebsiella pneumonia
(BLRS) — 82%, Escherichia coli (BLRS)
— 51% of the cases, and gram-positive
microorganisms: Staphylococcus aureus
(MRSA) — 10. 5% of the cases.

Severe CCS complicated the course
of disease in 13 patients and amounted
to 12.87% in the patterns of complica-
tions. This group included the patients
without concomitant coronary heart dis-
ease (CHD), and they had to undergo tar-
geted pharmacological correction due to
CCS. These cases were combined with
an extensive hemorrhage, severe brain
damage and occurred in all the patients
with the unfavorable outcome.

The mortality of aSAH patients over
the study period was 5.8% (9 patients
died): in 2015 — 4.2% (2 patients), in

2016 — 6.7% (4 patients) and in 2017 —
6.3% (3 patients). The analysis of the
mortality confirmed the adequacy of the
Hunt-Hess scale, used for assessing the
severity of patients in the acute period of
SAH (Fig. 2).

As can be seen in the diagram, the
highest mortality was observed in the
patients with 4 and 5 points by the Hunt-
Hess scale: 2 patients died in each group,
making 28.6% and 66.7%, respectively.

The analysis of mortality showed that
intracranial complications were the di-
rect cause of death in 6 (3.9%) patients:
large-scale hemorrhage with cerebral
edema and dislocation syndrome (3 pa-
tients) and repeated hemorrhage (3 pa-
tients). Severe extracranial complications
caused the deaths of 3 (2.9%) patients:
NP complicated by sepsis (1 patient), PE
(1 patient), and pseudomembranous coli-
tis complicated by peritonitis and abdom-
inal sepsis (1 patient). Comorbidity con-
tributed a lot to the outcome of treatment.
First, these were diseases of the cardi-
ovascular system, which in fact caused
hemorrhages (CHD, hypertension, etc.)
and were present in majority (98.7%) of
the patients. Among other concomitant
pathologies in the patients, there were
diseases of the digestive (12.8%), en-
docrine (7.1%), and respiratory (5.8%)
systems.

The patients stayed in the ARICU for
6.3 + 6.0 bed-days, and as in-patients in
hospital — for 28.5 + 11.1 bed-days.

Of the total number of the patients who
received treatment, 62.2% of the patients



52
YAKUT MEDICAL JOURNAL

70
G0
50
40
30

20

Mumber of patients

10

well as pronounced
cerebral edema
and the impossibil-
ity of applying clips.

In the postoper-
ative period, 101
(64.7%)  patients
had various intra-
and extra-cerebral

0

e
3

A
Bome

25
1

—&—Number of patients [
=g=Number of dead 2

[

Fig. 2. ASAH mortality depending on the initial severity by the Hunt-

Hess scale

were discharged with full recovery. 21.1%
and 10.3% of the patients were dis-
charged with mild and moderate neuro-
logical disability, respectively. One (0.6%)
patient was discharged in the vegetative
state (Table 4).

Conclusion

Thus, the study of the patterns of com-
plications and mortality of aSAH at the
ARICU, RH No. 2-CEMA of the Sakha
Republic (Yakutia) in the period 2015-
2017 showed that complications of a
different nature were diagnosed in the
preoperative period in 67.3% of the pa-
tients and in 64.7% of the cases following
surgeries, and the mortality rate for this
group of patients was 5.8% (9 patients).

In the patterns of the complications
of the preoperative period, the dominant
one was cerebral vasospasm, with the
specific gravity of 81.9%. Other compli-
cations of this period included ruptured
aneurysms and large-scale cerebral ede-
ma with dislocation syndrome, 9.0% and
4.8% of the complications, respectively.

During surgical treatment of the pa-
tients, in 12.8% of the cases there were
changes in the surgical planning due to a
ruptured aneurysm (85% of the reasons
for changing the operational tactics), as

5 complications,
3 which  accounted
£ for 61.38% and
38.6% in the pat-
terns of complica-
tions, respectively.
Among the intracerebral complications,
DCI with 39.60% ranked first. Moreo-
ver, this complication was more often
observed in the patients transported
by air ambulance from district hospitals
(32.1%) than among patients from the
city of Yakutsk (19.2%). Of extracranial
complications, NP and severe CCS were
most common, comprising 20.79% and
12.87% in the patterns of the postopera-
tive complications.

Of the total number of the treated pa-
tients, 62.2% of the patients were dis-
charged with full recovery, 21.1% with a
mild neurological disability, 10.3% with
a moderate neurological disability, and
0.6% in the persistent vegetative state.

The data presented indicate the rele-
vance of the issues related to treating pa-
tients with aSAH in the region, as well as
the importance of measures for improved
treatment, diagnostic and organization-
al-tactical approaches aimed at reducing
complications and mortality in this group
of patients.
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A.A. Mazunina

IMMUNOGENETIC MARKERS

OF THE SIBERIA SOUTHERN REGIONS
POPULATION UNDER THE EXPOSURE
OF TECHNOGENOUS FACTORS

ABSTRACT

Peculiarities of the population health, characteristic for the newly emerging endemic provinces in Russia, are formed by the anthropogenic
pollution conditions of the environment and determine the need to identify the indicator of immunological and genetic indicators that reflect the

population health of industrial regions.

The aim of the work is to analyze the population immune and genetic indicators in the conditions of the anthropogenic impact of the urban
environment on the example of the Southern Siberia region.
Materials and methods. Laboratory immunological and genetic examination of the adult population living in a combined influence of a chemical
factors number of habitat zone is carried out. The content of specific antibodies to benzo(a)pyrene, aluminium, formaldehyde was detected by
allergosorbent testing with an enzyme label. Cell populations were determined by CD markers on a flow cytometer. Biochemical markers were
studied by enzyme immunoassay. Genetic features were detected by real-time polymerase chain reaction and allele discrimination, based on the

diagnosis of single-nucleotide polymorphisms.

Results. There was a significant decrease in the number of CD3 *CD25*- lymphocytes relative to the reference interval, and there were lower
concentrations of CD16*CD56" -, CD3*- and CD4*-cells relative to the comparison group. The decrease in serum IgG and IgM levels was combined
with an increase in the level of IgG to aluminium and benzo(a)pyrene, IgE to formaldehyde relative to the values in the comparison group. There
was a significant (p=0.02) increase in the frequency of occurrence of the minor allele of the enzyme eNOS rs1799983 gene associated with a
decrease in serum levels of nitric oxide, which indicates the formation of additional risk factors under technogenic exposure.

Findings. The established changes in immune reactivity and genetic polymorphism indicate their population peculiarities of the technogenic
chemical province of the Southern Siberia region, which can be used as formation of pathological health disorders markers associated with oxygen-
associated processes in the vascular endothelium, the implementation of which can contribute to the identified imbalance of cellular and humoral
immunity (CD3*CD25*- lymphocyte deficiency and IgG hyperproduction to aluminum and benzo(a)pyrene, IgE to formaldehyde).

Keywords: immune regulation, genetic polymorphism, eNOS gene rs1799983, technogenous factors.
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