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Validation of APACHE Il scoring system at 24 hours
after admission as a prognostic tool in urosepsis:
A prospective observational study
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Purpose: Urosepsis implies clinically evident severe infection of urinary tract with features of systemic inflammatory response syn-
drome (SIRS). We validate the role of a single Acute Physiology and Chronic Health Evaluation Il (APACHE II) score at 24 hours after
admission in predicting mortality in urosepsis.

Materials and Methods: A prospective observational study was done in 178 patients admitted with urosepsis in the Department
of Urology, in a tertiary care institute from January 2015 to August 2016. Patients >18 years diagnosed as urosepsis using SIRS cri-
teria with positive urine or blood culture for bacteria were included. At 24 hours after admission to intensive care unit, APACHE II
score was calculated using 12 physiological variables, age and chronic health.

Results: Mean+standard deviation (SD) APACHE Il score was 26.03+7.03. It was 24.31+6.48 in survivors and 32.39+5.09 in
those expired (p<0.001). Among patients undergoing surgery, mean+SD score was higher (30.74+4.85) than among survivors
(24.30+6.54) (p<0.001). Receiver operating characteristic (ROC) analysis revealed area under curve (AUC) of 0.825 with cutoff 25.5
being 94.7% sensitive and 56.4% specific to predict mortality. Mean+SD score in those undergoing surgery was 25.22+6.70 and
was lesser than those who did not undergo surgery (28.44+7.49) (p=0.007). ROC analysis revealed AUC of 0.760 with cutoff 25.5
being 94.7% sensitive and 45.6% specific to predict mortality even after surgery.

Conclusions: A single APACHE Il score assessed at 24 hours after admission was able to predict morbidity, mortality, need for sur-
gical intervention, length of hospitalization, treatment success and outcome in urosepsis patients.
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INTRODUCTION

Urosepsis implies clinically evident severe infection of
the urinary tract with features of systemic inflammatory
response syndrome (SIRS) [1]. Though many factors

and scoring systems have been identified to diagnose
and prognosticate urosepsis, they are not accurate.
Prognostication of urosepsis is important in the intensive
care unit (ICU) to determine the need for defining the
severity, timing of surgical intervention if necessary
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and predict mortality. Of the existing severity-of-disease
classification systems available for ICU patients, a
single Acute Physiology and Chronic Health Evaluation
IT (APACHE II) score at 24 hours after admission has
been found to be efficient in predicting mortality [2,3].
The advantages of APACHE II score include its ability
to prognosticate sepsis with a single assessment at 24
hours and its components being routine parameters being
monitored in the ICU. To the best of our knowledge, it has
not been validated for urosepsis yet. We aim to validate the
role of APACHE II score in urosepsis patients in this study.

MATERIALS AND METHODS

This was hospital based, prospective observational study
done in 178 patients admitted with a diagnosis of urosepsis
in the Department of Urology, in a tertiary care institute,
in South India. After obtaining approval from the Institute
Research Council and Ethics committee, the study was
conducted from January 2015 to August 2016 (approval
number: INU/RRC/01/2015-16). Written informed consent
was obtained from each patient for inclusion in this study.

1. Study population

All consecutive consenting patients more than 18 years
diagnosed as urosepsis using SIRS criteria were evaluated
and included in the study [4,5] All included patients had
growth on urine or blood culture. Patients aged <18 years,
negative blood and urine culture, positive sputum culture,
other sources of infections like pneumonia or bloodstream
sepsis in patients on hemodialysis catheters during evalua-
tion, having incomplete set of investigations or physiological
variables and those who had less than 24-hour stay in ICU
were excluded.

2, Brief procedure

Patients were evaluated in the Emergency Department
and admitted to the ICU after initial evaluation and
stabilization of airway, breathing and circulation. Urosepsis
was defined as clinically evident severe infection of the
urinary tract with features of SIRS [4,5] In the ICU, a note
of initial clinical parameters like level of consciousness
using Glasgow Coma Scale (GCS), heart rate, blood pressure,
respiratory rate (RR) and temperature was done. Mean
arterial pressure (MAP) was calculated [6-8] Initial blood
and urine investigations in the form of complete blood
count, random blood sugar, renal function test, arterial blood
gas analysis, urine microscopy for pus cells, urine and blood
culture and sensitivity tests were done. Relevant radiological
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investigations in the form of ultrasound abdomen and pelvis,
Computed tomographic scan when indicated and chest X-ray
were performed. Every attempt was made to rule out other
organ sepsis.

Patients were started on antibiotics usually an empi-
rical third generation cephalosporin or piperacillin-tazo-
bactam. Patients were initiated on meropenem if they
were treated elsewhere or if imaging suggested urinary
tract obstruction with abscess or recurrent urosepsis.
Patients not improving satisfactorily with conservative
management were considered for surgical interventions
after stabilization. Packed red blood cell transfusion
was done when hemoglobin was <8 g/dL. Patients were
intubated for ventilation when patients had tachypnea
(RR>24/min) with hypoxia (sPO,<90% or p0,<60 mmHg),
GCS<8, poor respiratory efforts or frank pulmonary
edema [9-11] Inotropes were initiated when MAP was <60
mmHg and CVP was >10 cm NS. Acute Kidney Injury
patients with anuria, hyperkalemia (K>6 meq/L), metabolic
acidosis (pH<72) or fluid overload underwent perioperative
hemodialysis at the discretion of the nephrologist.

At the completion of first 24 hours after admission to the
ICU, APACHE score was calculated using 12 physiological
variables [4,5] Points were allocated to the worst values of
each variable as per protocol of APACHE-II scoring system
calculation. Age and chronic health were also assigned
points in the similar manner and a total APACHE score
was obtained [4] Charlson Comorbidity Index was used to
assess the effect of age and comorbidities on prognosis and
to classify patients [1213]

Clinical improvement was assessed using GCS and
vital parameters. In postsurgical patients, who were still
under the effect of anesthesia, assessment was made after
the patient had recovered from anesthesia. For intubated
patients, this score was calculated considering their ability
to understand. Final outcome of the patient (shift out to
postoperative ward or death) and total length of ICU stay
were also recorded.

For the purpose of tabulation and analysis, diagnosis was
coded as upper tract infection, lower tract infection, upper
tract obstruction, lower tract obstruction, nonobstructive
and infections. Upper tract obstruction required double
J stenting or percutaneous nephrostomy as emergency
procedure, also included ureterorenoscopy and lithotripsy
or ureterolithotomy for ureteric calculi and percutaneous
nephrolithotomy or pyelolithotomy for renal calculi.
Lower urinary tract obstruction required perurethral or
suprapubic cathetrisation, clot evacuation, transurethral
resection of prostate or bladder tumors and prostate abscess
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deroofing. Nonobstructive urosepsis included nephrectomy,
nephroureterectomy, radical nephrectomy or cystectomy and
adrenalectomy. Infections included incision and drainage for
abscesses. The highest antibiotic used was taken for analysis
and antibiotic change was assessed. On urine culture
analysis, staph, enterococci were grouped into a single unit.
Response to surgical intervention was assessed and the
modified Clavien-Dindo classification was used to grade
complications [12]

3. Statistical analysis

Data was tabulated and statistical analysis was
performed using IBM SPSS Statistics ver. 20.0 (IBM Co,
Armonk, NY, USA). Continuous variables were summarized
as mean with standard deviation or median and inter-
quartile range. Student t-test (2-tailed, independent) was
used for comparison of metric parameters on continuous
scale between the 2 groups. Categorical variables were
summarized as frequencies and proportions. Chi-square
and Fisher exact test were used to compare parameters
on categorical scale between 2 or more groups. Binomial
logistic regression analysis was used to identify independent
predictors for postoperative treatment success. The area
under curve (AUC) calculated by receiver operating
characteristic (ROC) curve analysis was used to predict
the mortality, morbidity, treatment success and need for
intervention. A p-value of <005 was considered statistically
significant.

RESULTS

The meanztstandard deviation (SD) age was 5352+1565
years and 93 (52%) were male patients. Upper urinary tract
infection was seen in 71 (399%), lower urinary tract infection
in 17 (9.6%), upper urinary tract obstruction in 13 (7.3%),
lower urinary tract obstruction in 54 (30.3%), nonobstructive
urosepsis in 18 (101%) and infections in 5 patients (2.8%).
Ventilator support, inotropes, hemodialysis and prolonged
length of hospitalization (LOH) were seen together in 34
patients (191%). At least one form of morbidity (ventilator
support or hemodialysis or inotropes or prolonged LOH) was
observed in 166 patients (93.3%). Surgical intervention was
needed in 133 (74.7%) and 38 patients (21.3%) expired (Table 1).
Urine culture was positive in 131 patients (73.6%) and blood
culture was positive in 47 patients (264%). Pyuria (>3 white
blood cell/high power field) was seen in 169 patients (94.9%).
Hypotension at presentation (MAP<60 mmHg) was observed
in 30 patients (16.9%) and thrombocytopenia (platelet<l5
lakh/cmm) was seen in 49 patients (275%). The mean+SD
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APACHE Il in urosepsis
LOH was 133519 days and ICU stay was 4.44+213 days.

1. APACHE Il score

The mean+SD APACHE II score in our study population
was 26.03+7.03. APACHE II score was used to predict
mortality, morbidity, need for surgical intervention and
also to predict mortality despite surgical intervention using
comparative statistics, univariate and multivariate analysis
and ROC AUC analysis.

2. Mortality

The mean+SD APACHE II score was 24.31+6.48 in
the patients who survived and this was statistically
significantly lesser than that in those who expired 3239509
(p<0.001). Among those who underwent surgery, the
mean+SD APACHE II score was higher among those who
expired (30.74+4.85) than those who survived after surgery
(24.30+6.54) (p<0.001) (Table 2). On multivariate logistic
regression, APACHE II (p<0.001), hemodialysis (p=0.032), and
prolonged LOH (p=0.007) were significant factors (Table
3). ROC analysis revealed AUC of 0.825 (95% confidence
interval [CI], 0.762—-0.888) Based on ROC analysis, we further
identified a cutoff APACHE score of 255 was 94.7% sensitive
and 564% specific to predict mortality in urosepsis patients
(Fig. 1A).

Table 1. Profile of study population

Variable Value
Age (y) 53.52+15.65
Male sex 93 (52)
Diagnosis

Upper tract infection 39.9)

71(
Lower tract infection 17 (9.6)
Upper tract obstruction 13(7.3)
Lower tract obstruction 54 (30.3)
Nonobstructive 18 (10.1)
Infections 5(2.8)
Outcomes
All morbidity’ 34(19.1)
Any morbidity® 166 (93.3)
Surgery done 133(74.7)
Complications 122 (68.5)
Mortality 38(21.3)

Values are presented as meanz+standard deviation or number (%).

*All morbidity: need for ventilatory support, inotropes, hemodialysis
and prolonged length of hospitalization. ":Any morbidity: any one of
the following - need for ventilatory support, inotropes, hemodialysis,
or prolonged length of hospitalization.
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Table 2. Association of APACHE Il score with various outcomes

ICUROLOGY

Variable No. of patients Mean=SD p-value
Overall mortality <0.001
Survived 140 24.31+6.48
Died 38 32.39+5.09
Mortality despite surgery <0.001
Survived 114 24.30+6.54
Died 19 30.74+4.85
Morbidity 0.047
None 13 22.31+4.55
Any 165 26.33£7.12
Surgery 0.007
No 45 28.44+7.49
Yes 133 25.22+6.70
APACHE II, Acute Physiology and Chronic Health Evaluation II; SD, standard deviation.
Table 3. Factors associated with mortality— multivariate analysis
Variable p-value Adjusted OR 95% Cl for adjusted OR
APACHE Il score <0.001 1.250 1.139-1.372
Hemodialysis 0.032 2971 1.098-8.038
Prolonged hospital stay 0.007 0.110 0.022-0.540
Surgery done 0.097 0.426 0.155-1.168
Prolonged ICU stay 0.443 0.567 0.133-2.416

APACHE II, Acute Physiology and Chronic Health Evaluation II; OR, odds ratio; Cl, confidence interval; ICU, intensive care unit.
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Fig. 1. Receiver operating characteristic curves: (A) prediction of mor-
tality by APACHE; (B) prediction of morbidity by APACHE; (C) predic-
tion of mortality by APACHE among patients who underwent surgery.
APACHE, Acute Physiology and Chronic Health Evaluation.
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3. Morbidity

The mean+SD APACHE II score was 26.33+7.12 in the
patients who had morbidity and this was statistically
significantly lesser than that in those who did not have
morbidity (22.31+4.55) (p=0.047). Morbidity included ventilator
support, need for inotropes, hemodialysis, prolonged LOH
and prolonged ICU stay. On multivariate analysis, APACHE
IT score (p=0.002), LOH (p=0.044), ICU stay (p=0.023), and
male sex (p=0,045) predicted morbidity (Table 4). ROC
analysis revealed AUC of 0669 (95% CI, 0557—-0.780). Based
on ROC analysis, we further identified a cutoff APACHE
score of 235 was 64.2% sensitive and 69.2% specific to predict
morbidity in urosepsis patients (Fig. 1B).

4. Need for surgical intervention

The mean+SD APACHE II score in those who under-
went surgery was 25224670 and it was statistically signifi-
cantly lesser than those who did not undergo surgery
(28.44+749) (p=0.007). This could be due to the fact that
patients who had not undergone surgery had significantly
worse variables and were unfit for surgery. On multivariate
analysis, age and APACHE II score (p<0.001), male sex
(p=0.035), antibiotic change (p=0.003) and prolonged ICU stay
(p=0.023) significantly predicted surgical intervention (Table
5). ROC analysis was performed for prediction of mortality
in those who underwent surgery. ROC analysis revealed
AUC of 0.760 (95% CI, 0675-0.856). Based on ROC analysis,
we further identified a cutoff APACHE score of 255 was
94.7% sensitive and 45.6% specific to predict mortality
even after surgical intervention (Fig. 1C). As the mean+SD

Table 4. Factors associated with morbidity - multivariate analysis

APACHE Il in urosepsis

APACHE 1I score at 24 hours after admission increased, the
modified Clavien-Dindo classification of complications was
also higher (I, 24.83+5902; 11, 23.06+6.338; 111, 3250+6.364; IV,
2652+7.077, V, 2964+4.272; p=0011).

DISCUSSION

APACHE 1I is a severity-of-disease classification system,
one of several ICU scoring systems. It is applied within 24
hours of admission of a patient to an ICU and an integer
score from 0-71 is computed based on several measurements.
Higher scores correspond to more severe disease and a
higher mortality [14,15]. The first APACHE model was
presented by Knaus et al. in 1981 (quoted from [4]).

Prediction of patient prognosis admitted in ICU always
remains an area of great concern for physicians as well as
for patient's families. The impact of this prediction bears
on different aspects of patient care like selection of medical
therapy, triaging, end of life care and many more [1517] The
APACHE II scoring system has been widely accepted as a
measure of 1llness severity. It has been shown to accurately
stratify risk of death in a wide range of disease states, and
in different clinical settings.

Advantages of APACHE II include a single measurement,
no additional investigation being needed and being well
established in other system sepsis. It has been validated
in several countries and has been proved to be highly
reproducible. Increased scores correlated with hospital
mortality (specificity >98% and sensitivity <30%). The
overall correct prediction was about 80% [4]. The study

Variable p-value Adjusted OR 95% Cl for adjusted OR
APACHE Il score 0.002 1.282 1.098-1.497
ICU stay 0.023 2.452 1.131-5.316
Length of hospitalization 0.044 1.197 1.005-1.426
Male sex 0.045 0.140 0.020-0.957
Age 0.041 0.943 0.892-0.998
Antibiotic change 0.895 0.849 0.073-9.805

OR, odds ratio; Cl, confidence interval; APACHE I, Acute Physiology and Chronic Health Evaluation II; ICU, intensive care unit.

Table 5. Factors associated with need for intervention - multivariate analysis

Variable Sig. Adjusted OR 95% Cl for adjusted OR
Age 0.000 1.076 1.043-1.111
Male sex 0.034 0.401 0.172-0.931
Antibiotic change 0.003 16.916 2.680-106.778
APACHE Il score 0.000 0.878 0.820-0.941
ICU stay 0.022 1.287 1.036-1.599

OR, odds ratio; Cl, confidence interval; APACHE I, Acute Physiology and Chronic Health Evaluation II; ICU, intensive care unit.

Investig Clin Urol 2017;58:453-459.
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makes use of easily and routinely available objective data,
which could be utilized in a wide variety of hospital settings,
including Accident and Emergency Departments. It may
be a potentially better method of evaluating the quality of
care than waiting times or reattendance rates of patients
in Emergency Department. Moreover, as the worst scores
were recorded in the resuscitation room before initial
resuscitation actually takes place, it helps to eliminate the
potential underestimation of the mortality if the worst
scores were taken in the ICU after a period of aggressive
resuscitation in accident and emergency resuscitation room.

1. APACHE Il in urosepsis

We identified patients who expired, the mean APACHE
I score was 3239 and in those who died even after surgical
intervention, it was 30.74. Patients with morbidity or
prolonged LLOH or ICU stay had a mean APACHE II score of
26.33. In patients who survived, the mean APACHE II score
was 24.31. In those who survived after surgical intervention,
the mean APACHE II score was 24.30. Among those who
needed surgical intervention, patients who were taken up
for surgery had a mean APACHE II score of 252 and those
who were not fit for surgery it was 284. With these values
we can reasonably predict mortality and prognosticate
urosepsis using APACHE II score. When the APACHE
IT score at 24 hours after admission was less than 24, it
predicted good prognosis, and successful surgery if indicated
and patients usually survive. When the APACHE II score
exceeded 30-32, there was a higher chance of mortality
despite surgical intervention. Patients who had an APACHE
score of 2427 carried a high chance of morbidity, prolonged
LOH and ICU stay. However they had a better outcome
with surgical intervention when indicated. As APACHE II
score increased, Clavien-Dindo classification of complications
also increased.

2. Superiority over APACHE Ill and other scoring

systems

APACHE III was introduced to expand and improve
the prognostic estimates provided by APACHE II [18] This
system, which is only commercially available, comprises
an APACHE III score and a series of predictive equations
linked to diagnosis and the APACHE III database [19-21].
It was not chosen for evaluation because the risk-of-death
predictive equations are not available for use. The use of
the APACHE II system as the severity assessment tool in
Taiwan's ICUs has been taken for granted [22] With the
rapid development in the severity scoring field, further
local research is imperative to justify the continuing use
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of this system. Tang et al. [22] reported that APACHE II is
better than therapeutic intervention scoring system and
the organ system failure approach in predicting mortality.
The APACHE II system is quite easy to use and local
professionals have become familiar with its application in
intensive care [2324] Our findings do support the argument
that the application of APACHE II in ICUs is still valid
despite the development of other new severity of illness

measurement.

3. Merits

To the best of our knowledge, this is the first study to
validate APACHE II score for urosepsis and it was done
prospectively. We also used APACHE II score to predict
mortality, morbidity, need for surgical intervention and
mortality even after intervention. We included only patients
with a positive bacterial urine or blood culture.

CONCLUSIONS

A single APACHE 1I score assessed at 24 hours after
admission is able to predict morbidity, mortality, need for
surgical intervention, LOH, treatment success and outcome
in urosepsis patients.
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