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Abstract

Background. The incidence of abdominal aortic aneurysm (AAA) has been estimated at 20-40 cases per 100,000 per
annum.The disease is often asymptomatic; in many cases, its first symptom is shock caused by a ruptured aneurysm.
The aim of the present study was to assess retrospectively the selected perioperative factors in patients hospitalised
in the intensive care unit (ICU) after repair of ruptured abdominal aortic aneurysm.

Methods. Analysis involved medical records of patients after repair of ruptured abdominal aortic aneurysm treated
in ICU in the years 2009-2010. Patients were divided into two groups: group | — survivors who were discharged from
ICU and group Il — non-survivors. Demographic factors, intraoperative data, vital parameters, laboratory results and
severity of patient’s state on admission to ICU were analysed.

Results. Analysis of laboratory results on admission to ICU showed lower values of pH and HCO;" concentrations
as well as higher international normalised ratio (INR) and activated partial thromboplastin time (APTT) in group II.
Mean intraoperative diuresis differed between the groups; in group | — 303 mL and in group Il — 155 mL. Mean diu-
resis on ICU day 1 was higher in group | compared to group ll, i.e. 20.87 and 11.27 mL kg b.w.-1, respectively. APACHE
I, SAPS 1l, MODS and SOFA point values were higher in group | than in group Il.

Conclusions. Markers of impaired homeostasis, such as pH, HCO,"concentration, INR and APTT assessed on admission
to ICU can be relevant prognostic factors in patients after repair of ruptured abdominal aortic aneurysm.
Monitoring of diuresis during surgery and on day 1 of ICU treatment was a sensitive risk marker for acute kidney injury.
Multiple organ failure scales such as APACHE Il, MODS, SOFA and SAPS Il were reliable prognostic tools to be used In
the early period of ICU treatment.
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The incidence of abdominal aortic aneurysm has been
estimated at 20-40 cases per 100,000 per annum [1, 2, 3].
The disease is often asymptomatic; in many cases, its first
symptom is shock caused by a ruptured aneurysm.

In many cases, patients with ruptured abdominal aortic
aneurysms (RAAAs) have severe concomitant diseases si-
gnificantly affecting the risk of repair as well as the number
and types of complications. Despite advances in surgery,
anaesthesiology and intensive therapy, the mortality ra-
tes in this group remain extremely high reaching 100% in
patients left surgically untreated although RAAA repairs

are also associated with high mortality rates, ranging from
40 to 94% [4, 5].

Postoperative RAAA-associated mortality is divided into
early (first 24 postoperative hours) and late (successive tre-
atment days) [1].

The leading cause of death during the first postope-
rative day is haemorrhagic shock and its consequences
[1]. The major cause of postoperative complications and
resultant mortality is the systemic inflammatory response
syndrome (SIRS). The factors markedly involved in its deve-
lopment include surgical insult, intraoperative hypotension,
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massive transfusion of blood preparations, aorta clamping,
ischaemia of the lower body part, reperfusion syndrome,
and responses to prosthetic materials. Ultimately, multiple
organ failure (MOF) and death are likely to occur [1].

The aim of this study was to evaluate retrospectively
the selected perioperative factors in patients hospitalized
in ICU after RAAA repair.

METHODS
Analysis involved medical records of patients after rup-

tured abdominal aortic aneurysm repairs treated at the

Department of Anaesthesiology and Intensive Therapy, Uni-

versity Hospital No. 7 of the Upper Silesia Medical Centre in

Katowice between 2009 and 2010.

Patients were divided into two groups according to
case records and anaesthesia charts. Group | consisted of
survivors who were discharged from ICU whereas group I
included non-survivors.

The following factors were analysed:

— demographic: age, gender;

— intraoperative: surgery duration, intraoperative blood
loss, types and volumes of

— blood preparations transfused, types of vasoactive drugs
used, kinds of procedures;

— vital parameters on admission to ICU: mean arterial pres-
sure (MAP), heart rate, central venous pressure (CVP);

— laboratory results on admission: blood tests (haemoglo-
bin concentration, haematocrit, red blood cell count,
white blood cell count and platelet count), arterial blood
acid-base balance (pH, partial oxygen pressure [PaO,]
and carbon dioxide pressure [PaCO,], bicarbonate con-
centration [HCO, ), clotting parameters (INRand APTT),
ionograms (K*, Na*), biochemical tests (creatinine, bili-
rubin, ALT, AST);

— severity of patient states on admission to ICU evaluated
according to the acute physiology, age and chronic he-
alth evaluation Il (APACHE Il), multiple organ dysfunction
score (MODS), sepsis-related organ failure assessment
(SOFA), simplified acute physiology score (SAPS II);

— type and number of transfused units of blood prepara-
tions, volume of transfused fluids;

— diuresis on ICU day 1;
length of ICU hospitalization.

The gathered data were entered into the Microsoft Excel
2007 calculation sheet. Statistical analysis was carried out
using Statistica for Windows 8.0 PL software (StatSoft, Tulsa,
USA).The distribution of quantitative variables was checked
by the Shapiro-Wilk W test. Inter-group comparisons of
quantitative variables were carried out using the Student’s
t-test and Mann-Whitney U test; for qualitative variables,
the Fisher’s test was applied. P < 0.05 was considered as
statistically significant.
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RESULTS

In the population of 754 patients treated in ICU of the Up-
per Silesia Medical Centre in the years 2009-2010, 52 (6.9%)
underwent RAAA repairs. Group | included 21 (40.5%) and
group I 31 (59.5%) patients.

The mean age was 66.8 years in group | and 72.8 years
in group Il (P = 0.03). In both groups, there were individu-
als aged over 80 years of age: in group | — 3 and in group
Il — 9. The percentage of female patients was significantly
lower in group | compared to group Il (P = 0.02), i.e. 9.5%
and 22%, respectively.

The mean length of procedures was comparable in both
groups — 163 min in group | and 171 min in group Il. The
intraoperative blood losses were 2490 mL (group 1) and
2909 mL (group lI). On average, 7.8 units of blood prepa-
rations were transfused in group | and 9.7 units in group Il
(P=0.17). Intraoperative diuresis differed between the gro-
ups (P=0.02) — 302 mL in group I and 155 mL in group Il.

The vasoactive drugs used intraoperatively were listed
in Table 1.

No significant inter-group differences in surgical proce-
dures were demonstrated (Tab. 2).

Vital parameters and laboratory results on ICU admission
were presented in Table 3.

APACHE I, SAPS Il, MODS and SOFA point values were
found to be higher in group | than in group Il (Tab. 4).

The mean number of units of blood preparations trans-
fused on ICU day 1 was 4.4 in group | and 5.1 in group II.
The mean volumes of transfused fluids on ICU day 1 were
5017 mL and 4767 mL, respectively.

The mean diuresis on ICU day 1 was higher in group
| compared to group II,i.e.20.9 mL kg b.w. and 11.3 mL kg
b.w. 7, respectively.

The mean ICU hospitalisation length was 10.7 days in
group land was longer than thatin group Il, 6.7 days (P=0.03).

DISCUSSION

The mortality in the group of patients admitted to ICU
after ruptured abdominal aortic aneurysm repairs was al-
most 60%, which is comparable with the literature data [6, 7]
and results of large-scale studies published in recent years
[8,9, 10].In the Mayo Clinic study carried out in 413 patients
(USA), the mortality was 45% [8]. According to the study
conducted in the group of 406 patients in 2005, the morta-
lity was 48.3% [9]. The retrospective analysis performed in
2011 demonstrated the postoperative mortality of 51.2%
[10]. The differences in survival in the above analyses may
result from different inclusion criteria. Not all the patients
survive the transport to hospital and some diagnoses are
still established intraoperatively — during an exploratory
laparotomy carried out in individuals suspected of acute
abdomen in non-reference centres. According to some es-
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Table 1. Vasoactive drugs used during RAAA

Table 2. Types of surgery

Groupl(n)  Groupll(n) Groupl(n)  Groupll(n)
Nitroglycerine 3 7 Aorto-aortic bypass 7 13
Noradrenalin 10 13 Aorto-femoral bypass 1 2
Dopamine 3 1 Aorto-bifemoral bypass 13 16
Noradrenalin i dopamine 5 5 P=0.76
Noradrenalin i adrenalin 0 5
P=0.2
Table 3. Vital parameters and laboratory results on ICU admission (X + SD)
Group | Group Il P
Vital parameters
MAP (mm Hg) 82.5+28.6 80.4+375 >0.05
Heart rate (min™") 101.2+£21.3 102.7 £20.9 > 0.05
CVP (cm H,0) 11.8+6.1 14.1+6.9 >0.05
Laboratory results
Haemoglobin (g dL™) 10.0+2.1 90+2.2 >0.05
Haematocrit (%) 30.3+6.1 273+6.5 >0.05
Erythrocytes (TL™) 33+0.69 39+563 >0.05
Leucocytes (G LT) 11.5+5.5 1231+58 > 0.05
Platelets (G L) 116.5+81.8 104.2 £50.9 >0.05
pH 7.29+0.08 7.19+0.12 <0.01
Pa0, (mm Hg) 155.0 £ 102.1 125.1+£72.1 >0.05
PaCO, (mm Hg) 43380 4421109 >0.05
HCO,” (mmol L 21.2+43 170+5.6 <0.01
INR 13£0.2 1.8+£0.7 <0.01
APTT 14+0.7 2.1+£0.95 <0.02
K* (mmol L) 48+1.1 53%£1.0 >0.05
Na* (mmol L") 140.1 £33 1424 +£6.0 >0.05
Creatinine (mg L) 1.7+1.7 1.7+09 >0.05
Bilirubin (mg L) 0.73+04 0.99+09 >0.05
ALAT (lULT) 293+224 29.3+£19.2 >0.05
AspAT (IU L) 323+188 29.2+16.3 >0.05

Abbreviations in the text

Table 4. Mean scores of patients state evaluation according to APACHE Il
MODS, SAPS II, and SOFA on ICU admission (x + SD)

Group | Group Il P
APACHE Il 23+3 35+4 <0.01
MODS 9+2 12£2 <0.01
SAPSII 68+10 85+12 <0.01
SOFA 10+£2 13£2 <0.01

Abbreviations in the text

timates, the actual total mortality due to RAAA can reach
80-90% [11]. In our study, the mortality regarded only pa-
tients admitted to ICU after surgery, excluding those who
died before or during RAAA repairs and patients transferred
postoperatively to the department of surgery.

The patient’s age is considered a relevant prognostic
factor yet the age limit for RAAA repairs has not been de-
termined [10]. Some authors do not consider age a risk
factor [6, 10]. It has been demonstrated that the length of
life is comparable in 80-year-old survivors and age-matched
patients without RAAA [12, 13]. This evidences that the
certificate age does not coincide with the biological age
and disqualification of patients based only on this criterion
is essentially wrong.

High mortality rates in female RAAA patients in our study
population, despite a markedly smaller size of the group,
can indicate that gender should be considered a risk factor
of perioperative death. Our findings are consistent with
the literature data [10, 14, 15]. RAAAs are more common
in male patients yet in females they are accompanied by
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more advanced atherosclerotic process and more severe
cardiovascular disorders.

According to the available literature findings, the survi-
val of RAAA patients is highly correlated with MAP [7, 10].
The anaesthetic management applied to maintain intra-
operative normovolaemia and normotension can partially
explain the discrepancies between our observations and
those reported by other authors.

Moreover, low haemoglobin concentrations (< 9 g dL)
and haematocrit (< 35%) are furtherindependent risk factors
of death in RAAA patients [10], which result from severe ha-
emorrhaging and high intraoperative blood loss. However,
when sudden active haemorrhage occurs accompanied
by hypovolaemia, results of blood tests, which are initially
normal, can distort the actual clinical picture. Therefore, it is
believed that the most reliable parameter of haemorrhagic
shock in RAAA patients is absolute blood loss in relation to
body weight, which correlates with the severity of multiple
organ consequences of ischaemia. The blood loss above
2000 mL is considered an independent factor increasing
the risk of perioperative death due to haemorrhagic shock
and its sequels [16].

One of the most frequent complications of RAAA re-
pairs is acute kidney injury whose incidence reaches 48%
[16]. Its causes include perioperative haemorrhagic shock,
intraoperative suprarenal aortic clamping, ischaemic injuries
and SIRS. We believe that monitoring of diuresis during
surgery and on the first ICU day is crucial. Diuresis during
surgical repair and on the first ICU day was found to be
lower in patients with poor treatment outcomes. However,
this did not pertain to the concentration of creatinine in the
early postoperative period. This parameter appears to be
insufficiently sensitive during the first ICU day.

Based on strict control of diuresis and monitoring of the
risk of acute kidney injury according to the RIFLE criteria,
the early institution of renal replacement therapy should
be considered [17]. Veno-venous haemofiltration used for
stabilising the patient’s state and normalising renal parame-
ters is likely to improve substantially the survival of RAAA
patients [1, 17].

The mean scores of multiple organ failure evaluation
according to APACHE I, SAPS Il, MODS and SOFA were higher
in non-survivors, which is consistent with the literature data
[18, 19]. The most significant correlation was demonstrated
for APACHE Il. Its prognostic value is particularly important
at the beginning of therapeutic management [19]. Amongst
the parameters required to calculate APACHE Il scores, le-
vels of pH and HCO; in arterial blood gasometry, serum
concentrations of creatinine and potassium and age were
pivotal to therapy outcomes in the study population. The
above parameters reached extreme values in the group
with negative outcomes. According to the literature data,
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abnormalities in gas exchange, acid-base imbalance and
low arterial blood pressure are the key risk factors in RAAA
patients [7]. The predicted APACHE ll-based mortality was
70%, which is higher than the actual mortality calculated
for the study group.

Retrospective evaluation of patients” states in the study
groups according to SOFA and MODS was also found reliable
for prognosis of survival in ICU patients. According to the
literature findings [10, 20], the two scales should not be
used only as a one-time prognostic index on admission to
ITU.Their use during therapeutic management is beneficial
for assessment of the dynamics of changes in patients’
states. Their prognostic value markedly increases during the
period longer than 48 h after admission, when the mortality
is not directly associated with the surgical procedure and
severity of clinical condition on admission but also with the
development of multiple organ failure [20].

CONCLUSIONS

1. Indices of impaired homeostasis, such as pH, HCO," con-
centration, INR APTT assessed on ICU admission can be
relevant prognostic factors in patients after ruptured
abdominal aortic aneurysm repairs.

2. Monitoring of diuresis during the surgical procedure
and on the first ICU day is a sensitive marker of the risk
of acute kidney injury.

3. The multiple organ failure scales such as APACHE I,
MODS, SOFA and SAPS Il are found to be reliable pro-
gnostic tools in patients during the early period of ICU
treatment.
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