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Abstract

Purposes Vascular surgery (VS) has a higher perioperative mortality than other types of surgery. We compared different
scores for predicting mortality in patients admitted to the intensive care unit (ICU) after open VS.

Methods Patients admitted to the ICU after open VS from 2006 to 2013 were included. We calculated the Acute Physiol-
ogy and Chronic Health Evaluation (APACHE), Simplified Acute Physiology Score (SAPS), Physiological and Operative
Severity Score for the enUmeration of Mortality and Morbidity (POSSUM) and Preoperative Score to Predict Postoperative
Mortality (POSPOM). We performed multivariate logistic regression to assess independent factors with the calculation of
odds ratios (ORs) and 95% confidence intervals (CIs). We tested the predictive ability of the scores using the area under the
receiver operating characteristics curve (AUROC).

Results A total of 833 consecutive patients were included. Hospital mortality was 5.1% (1.3% after intermediate-risk and
8.4% after high-risk surgery). In the multivariate analysis, the age (OR 1.04, 95% CI 1.01-1.08, p=0.013), smoking status
(OR 2.46, 95% CI 1.16-5.21, p=0.019), surgery risk (OR 2.92, 95% CI 1.05-8.08, p=0.040), serum sodium level (OR
1.17,95% CI 1.10-1.26, p<0.001), urea (OR 1.01, 95% CI 1.01-1.02, p=0.001) and leukocyte count (OR 1.05, 95% CI
1.01-1.10, p=0.009) at admission were considered independent predictors. Hematocrit (0.86, 95% CI 0.80-0.93, p <0.001)
was considered an independent protective factor. The AUROC of our model was 0.860, compared to SAPS (0.752), APACHE
(0.774), POSPOM (0.798) and POSSUM (0.829).

Conclusion The observed mortality was within the predicted range (1-5% after intermediate-risk and > 5% after high-risk
surgery). POSSUM and POSPOM had slightly better predictive capacity than SAPS or APACHE.
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Introduction

Vascular surgery (VS) accounts for 0.5-2% of the 234 million
surgeries performed every year [1, 2]. Anesthetic and surgical
techniques along with better planning and monitoring have
decreased the intraoperative mortality [3]. However, post-
operative mortality is still frequent, and 4% of patients die
before hospital discharge while 5.5% die within a year [4, 5].
Deaths predominantly occur in older patients and those who
undergo major or emergent surgery, who have severe coexist-
ing diseases or who develop complications [6-9]. Periopera-
tive complications may affect 12% of patients, a rate that tends
to increase with age and comorbidities [7, 10, 11]. Immediate
postoperative care allows for closer monitoring and early inter-
vention to reduce complications and deaths [6, 7, 11]. High-
risk patients or those who receive certain surgeries may benefit
from admission to a surgical intensive care unit (SICU), but
these beds have a limited capacity and are expensive to occupy
[12,13].

Risk models, such as the Simplified Acute Physiology
Score (SAPS) and Acute Physiology and Chronic Health
Evaluation (APACHE), were designed to predict mortality
after ICU admission [14—16]. They focus on the severity of
illness at admission, which may not be adequate for post-sur-
gical patients [17]. The Physiological and Operative Sever-
ity Score for the enUmeration of Mortality and Morbidity
(POSSUM), with or without the Portsmouth (P-POSSUM)
modification and its Vascular variant (V-POSSUM), has been
used to predict the 30-day mortality and morbidity after VS,
but they include pre- and intraoperative variables, which may
preclude their use in preoperative planning and risk estima-
tion [18, 19]. The Preoperative Score to Predict Postoperative
Mortality (POSPOM) overcomes this problem but was derived
using many types of surgery [20]. The National Surgical Qual-
ity Improvement Program (NSQIP) of the American College
of Surgeons (ACS) has also developed a score for predict-
ing the postoperative mortality that can be calculated online,
including a subset for use in VS, but they did not publish the
equation, making it unavailable for broad clinical research [21,
22]. Assessing the mortality risk is important in an era rife
with concerns about variations in the quality of care and use
of healthcare resources.

The aim of this study was to evaluate the determinants of
hospital mortality (HM) in a cohort of patients admitted to
the SICU after open VS. In addition, we compared our model
with the ICU risk scores SAPS or APACHE and the surgical
risk scores V-POSSUM or POSPOM for mortality prediction
after VS.

Materials and methods
Study design, setting and participants

We conducted a retrospective cohort study including all
patients admitted to the Surgical ICU after open VS from
January 2006 to July 2013 in a large academic hospital. We
defined exposures and outcomes and planned the analysis
before looking at the data. The institutional ethics com-
mittee approved the protocol. This report complies with
the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines for observational
cohort studies [23].

Data collection

We prospectively collected the following variables at ICU
admission: age, gender, medical history, type of admis-
sion (elective or emergent), type of surgery and ventila-
tion. Surgeries were divided into intermediate risk (carotid
endarterectomy and peripheral angioplasty) and high risk
(open aortic surgery, lower limb revascularization, throm-
boembolectomy and amputation) according to the joint
guidelines of European Society of Cardiology (ESC) and
European Society of Anesthesiology (ESA) [24]. During the
ICU stay, prospective records were collected, including data
on the vital signs, laboratory results, major cardiovascular
events (MACE) (stroke, acute myocardial infarction defined
as a rise in troponin > 0.034 ng/ml in the first 72 h after
surgery, de novo atrial fibrillation or heart failure includ-
ing pulmonary edema, ventricular fibrillation or cardiac
arrest, complete heart block), renal complications (acute
kidney injury as defined by the Acute Kidney Injury Net-
work criteria [25]), length of stay (LOS) and mortality. The
ICU records at admission included the SAPS and APACHE
scores, whereas the POSSUM and POSPOM were calculated
in retrospective.

Statistical analyses

We used descriptive statistics to summarize the data. We
performed the Kolmogorov—Smirnov test and a histogram
analysis to assess the normality of data and selected para-
metric (independent sample 7 test) or non-parametric tests
(Mann—Whitney U test) accordingly. To compare propor-
tions between groups in the univariate analysis, we used
the Chi square test. We determined independent predic-
tors of MACE using multivariate logistic regression with
the forward conditional method, calculating the odds ratios
(OR) and 95% confidence intervals (CIs). We created a
model using the adjusted OR of the independent variables
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as scoring points and analyzed the area under the receiver
operating characteristics curve (AUROC) of the different
risk indexes to measure their predictive discrimination. We
used the Hosmer—Lemeshow test to determine the good-
ness of fit of our model (calibration), with p > 0.05 taken
to indicate no significant difference between the predictive
model and observed data. To reduce the risk of overfitting,
we selected the leave-one-out cross-validation approach and
bootstrapping method (n=1000 samples). We performed
Bonferroni correction for multiple comparisons. We used
Stata software, version 14 (StataCorp) and SPSS software,
version 23 (IBM) to analyze the data.

Results

We admitted 833 patients to the SICU after open VS, most
of them male (80%). The HM was 5.1% overall, 1.3% after
intermediate-risk surgery (n=>5/382) and 8.4% (n=38/451)
after high-risk surgery. Table 1 presents the variable dis-
tribution by HM. Aortic surgery was more common than

Table 2 Mortality by surgical site according to the expected risk

Surgical risk Surgical site Mortality (%)

Intermediate Carotid 0.8
Lower limb 1.5
High-risk Lower limb 7.1
Aortic 8.3

Table 1 Results of the
univariate analysis of hospital

mortality
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Variables Survival group n=790  Mortality group n=43  p value
Male gender, n (%) 624 (79.0) 38 (88.4) 0.138*
Age (years), median [IQR] 69 [60-76] 73 [67-78] 0.0107
Prior medical history, n (%)
Arterial hypertension 398 (50.4) 24 (55.8) 0.488*
Diabetes mellitus 183 (23.2) 13 (30.2) 0.287*
Current smoker 164 (20.8) 16 (37.2) 0.011*
Peripheral arterial disease 236 (29.9) 19 (44.2) 0.046*
Coronary disease 257 (32.5) 19 (44.2) 0.114*
Congestive heart failure 179 (22.7) 22 (51.2) <0.001*
Cerebrovascular disease 367 (46.5) 12 (27.9) 0.017*
Chronic kidney disease 67 (8.5) 11 (25.6) 0.001*
Emergent surgery, n (%) 63 (8.0) 11 (25.6) <0.001*
High-risk surgery, n (%) 413 (52.3) 38 (88.4) <0.001*
At admission
Mechanical ventilation, n (%) 170 (21.5) 19 (44.2) <0.001*
Body temperature, median [IQR] 35.9 [34.9-36.1] 35.0 [34.3-36.0] 0.116
Systolic pressure, median [IQR] 133 [110-158] 105 [78-144] <0.0017
Mean arterial pressure, median [IQR] 89 [74-100] 78 [57-97] 0.011°
Heart rate, median [IQR] 78 [65-89] 91 [78-116] <0.0017
Respiratory rate, median [IQR] 14 [12-16] 16 [14-16] 0.010"
Hematocrit, median [IQR] 33.0 [29.7-36.0] 29.0 [22.5-33.0] <0.0017
Serum urea, median [IQR] 32 [25-43] 50 [30-70] <0.0017
Serum creatinine, median [IQR] 0.9[0.7-1.2] 1.3 [0.8-2.1] <0.0017
Serum potassium, median [IQR] 3.8 [3.54.1] 3.9 [3.5-4.6] 0.1717
Serum sodium, median [IQR] 139 [137-141] 144 [140-147] <0.0017
Leukocytes count, median [IQR] 10.4 [7.9-12.9] 13.4 [7.6-20.0] 0.002°
During stay
Cardiovascular events, n (%) 38 (4.8) 16 (37.2) <0.001*
Renal complications, n (%) 33 (4.3) 10 (23.3) <0.001*
Length of stay (hours), median [IQR] 21 [17-43] 44 [18-68] 0.001"

IQR interquartile range [P25-P75]
* Chi square test, " Mann—Whitney test
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lower limb surgery or carotid endarterectomy and had
a significantly higher mortality (8.4% vs. 6.2% vs. 0.8%,
respectively; p <0.001). Table 2 shows the HM by surgi-
cal site according to the expected risk. Regarding the type
of admission, elective surgery had an HM rate of 4.2%,
whereas emergent surgery had a rate of 14.9%. The inci-
dence of cardiovascular events was 6.5%, and that of renal
complications was 6.8% during the SICU stay; both were
associated with a higher HM (p <0.001). Almost half (49%)
of the HM incidents occurred during the SICU stay.

Table 3 shows the difference in mortality scores. All listed
scores were significantly higher (p <0.001) in the mortality
group than in the survival group. POSSUM predicted an HM
of 5.3% (n=44) and observed/expected ratio of 0.98 (43/44).
Table 4 shows the results of multiple logistic regression for
assessing the effect of pre-admission and at-admission vari-
ables on HM. The age, smoking status, surgery risk, serum
sodium level, urea and leukocyte count at admission were

considered independent predictors. Hematocrit after surgery
was considered an independent protective factor with a 14%
adjusted risk reduction for each 1% increase in hematocrit.

Figure 1 graphically displays the AUROC of the different
scores. Our model had an AUROC of 0.860 with a Hos-
mer—Lemeshow test for the goodness of fit of 0.90. The ICU
scores SAPS (0.752) and APACHE (0.774) were slightly
worse than the surgical risk scores POSPOM (0.798) and
POSSUM (0.829). Using the leave-one-out cross-validation
approach and the bootstrap analysis resulted in the same
AUROC: 0.858.

Discussion
In this study, we assessed the incidence and possible predic-

tors associated with HM following SICU admission after
VS. The estimated mortality according to ESA guidelines is

Table 3 Intensive care and
surgical risk scores by mortality

Risk scores Survival group n="790 Mortality group n=43 p value

SAPS, median [IQR] 19 [13-25] 31 [16-46] <0.001*
APACHE, median [IQR] 9[7-12] 15 [11-21] <0.001*
POSPOM, median [IQR] 14 [12-16] 18 [16-23] <0.001*
V-POSSUM, median [IQR] 25 [21-29] 34 [29-40] <0.001*

IQR interquartile range [P25-P75], SAPS Simplified Acute Physiology Score, APACHE II Acute Physiol-
ogy and Chronic Health Evaluation, V-POSSUM Vascular Physiological and Operative Severity Score for
the enUmeration of Mortality and Morbidity, POSPOM Preoperative Score to Predict Postoperative Mor-

tality
* Mann—Whitney test

Table 4 Results of the

S . Variables OR (95% CI) p value Adjusted OR (95% CI) p value
multivariate analysis of

mortality predictors Age 1.04 (1.01-1.07) 0.018 1.04 (1.01-1.08) 0.013

Current smoker 2.26 (1.19-4.30) 0.013 2.46 (1.16-5.21) 0.019

Peripheral arterial disease 1.86 (1.00-3.46) 0.049 1.08 (0.48-2.44) 0.857

Congestive heart failure 3.58 (1.92-6.65) <0.001 1.87 (0.85-4.12) 0.122

Chronic kidney disease® 3.71 (1.79-7.69) 0.001 1.89 (0.70-5.11) 0.209

Emergent surgery 3.97 (1.91-8.25) <0.001 1.63 (0.62—4.30) 0.326

High-risk surgery 6.94 (2.70-17.81) <0.001 2.92 (1.05-8.08) 0.040

Mechanical ventilation 2.89 (1.55-5.40) 0.001 1.02 (0.44-2.37) 0.962

Systolic blood pressure 0.98 (0.97-0.99) <0.001 0.99 (0.98-1.00) 0.127

Heart rate 1.03 (1.02 -1.05) <0.001 1.04 (0.99-1.03) 0.149

Respiratory rate 1.16 (1.04-1.31) 0.010 1.04 (0.89-1.21) 0.614

Hematocrit 0.84 (0.79-0.90) <0.001 0.86 (0.80-0.93) <0.001

Serum urea 1.02 (1.01-1.03) <0.001 1.01 (1.01-1.02) 0.001

Serum creatinine 1.60 (1.28-2.00) <0.001 0.89 (0.60-1.33) 0.570

Serum sodium 1.22 (1.15 -1.30) <0.001 1.17 (1.10-1.26) <0.001

Leukocytes 1.06 (1.02-1.10) 0.006 1.05 (1.01-1.10) 0.009

The independent predictors are highlighted in bold

OR odds ratio, CI confidence interval

4Glomerular filtration rate < 60 ml/min

@ Springer



840

Surgery Today (2019) 49:836-842

Fig. 1 Area under the receiver
operating characteristic curve of
the risk scores. SAPS Simpli-
fied Acute Physiology Score,
APACHE Acute Physiology

and Chronic Health Evaluation,
POSPOM Preoperative Score to
Predict Postoperative Mortality,
POSSUM Physiological and
Operative Severity Score for the
enUmeration of Mortality and
Morbidity

True positive rate (Sensitivity)

—+— SAPS
—=— POSPOM
—— Study regression

—— APACHE
—— POSSUM

------ Reference line

0.50 0.75 1.00
False Positive Rate (1-Specificity)

SAPS - Simplified Acute Physiology Score. APACHE - Acute Physiology and Chronic Health
Evaluation. POSPOM - Preoperative Score to Predict Postoperative Mortality. POSSUM -
Physiological and Operative Severity Score for the enUmeration of Mortality and Morbidity.

1-5% for intermediate-risk surgery and > 5% for high-risk
surgery [24]. In our sample, we found similar mortality rates:
1.3% after intermediate-risk surgery and 8.4% after high-risk
surgery. In our model, high-risk surgery was considered an
independent risk factor increasing the risk of HM by almost
threefold. Our results are consistent with previous studies
showing that the mortality during ICU admission depends
on the type of admission [8-10, 26, 27]. Patients undergo-
ing emergent surgery may be more severely ill, with more
uncontrolled comorbidities and a less functional reserve than
in healthy patients. Furthermore, the surgeries can be more
complex and intraoperative care may be suboptimal in these
patients [10, 28].

In critical care, serum sodium levels have been associ-
ated with mortality [29-33]. Hypernatremia is a common
complication, especially if patients are unconscious, intu-
bated or sedated, and may indicate a hyperosmolar state and
transiently intracellular dehydration [34]. In addition, age
has also been associated with postoperative mortality, and
the predictive ability of some scores varies according to age
intervals [5, 8, 35, 36]. Both age and the serum sodium level
remained independent predictors in our multivariate logistic
regression analysis, which may explain why so many ICU or
surgical risk scores include these parameters.

Patients who developed cardiovascular or renal complica-
tions had a higher mortality than those without such events.
This has been studied in the past, and cardiovascular com-
plications were implicated in 42% of deaths [10, 26, 37,
38]. An elevated serum urea level may reflect acute kidney
injury, a known cause of increased mortality [39-42]. The
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LOS is also influenced by these complications along with
severe illness, which may explain the differences observed
[9, 37, 38, 43]. An active smoking status increases the risk
of complications and mortality after surgery [44]. This may
explain why the serum urea level and smoking status were
considered independent predictors for mortality.

The hematocrit after surgery was an independent pro-
tective factor. Numerous studies have shown a relationship
between the hematocrit or hemoglobin levels and the out-
come, especially in VS patients with coronary heart disease
[45—49]. Velescu et al. proved that patients with a preopera-
tive hemoglobin level < 10 g/dl had an increased mortality
rate with an adjusted OR of 3.9 [45]. Both anemia and perio-
perative red blood cell transfusion independently increase
the risk of MACE and mortality, but unfortunately, we only
had the hematocrit available for our analysis. This parameter
may be considered a proxy for hemoglobin levels.

The preoperative patient evaluation using risk scores
is much more objective than traditional observation-only
assessment. The POSSUM score consists of 12 physiologic
and 6 intraoperative variables. Even though authors advo-
cate having scores for different surgeries (vascular, colorec-
tal, esophagogastric), the models do not substantially differ
between these procedures. Despite only using 12 physiologic
variables, POSSUM was the best score for predicting HM in
patients admitted to the SICU after VS in the present study.
The mortality prediction with POSSUM (n=44) was very
close to what we observed (n=43), resulting in an observed/
expected ratio of 0.98. The POSPOM score was created
to predict mortality after many types of surgery, so it is
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unsurprising that it performed slightly worse than POSSUM.
However, it has the advantage of using only preoperative
variables, and the surgical specialty can be differentiated to
some degree by adding more points according to the surgical
risk. We, therefore, believe that it is also a good option for
use in this situation. The SAPS and APACHE were specifi-
cally designed to predict mortality after ICU admission, and
several modified versions of these scores have been devel-
oped over time. However, in the present cohort of patients
submitted to VS, SAPS and APACHE performed worse than
POSSUM or POSPOM and should be replaced by these sur-
gical risk scores in ICU admission after surgery.

Several limitations associated with the present study
warrant mention. We did not have access to data on all the
intraoperative variables necessary to calculate the total POS-
SUM. Some scores consider the 30-day mortality, but we
were only able to study the HM. In addition, we included
patients encountered over a long period of time, and surgical
techniques may have improved over time.

Conclusion

In conclusion, the HM in patients admitted to the SICU after
open VS was 5.1%. The observed mortality was within the
predicted range (1-5% after intermediate-risk and > 5% after
high-risk surgery). The mortality group had significantly
higher scores in SAPS, APACHE, POSSUM and POSPOM
than the survival group. A longer LOS and cardiovascular
and renal complications were associated with a higher HM.
We identified the following independent risk factors for mor-
tality: age, smoking status, surgery risk, serum sodium level,
urea and leukocyte count at admission to the SICU. The
surgical risk scores POSSUM and POSPOM predicted HM
better than the ICU scores SAPS and APACHE in patients
admitted to the SICU after VS.
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