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Purpose: Currently objective perioperative risk assessment metrics are lack-
ing for radical cystectomy. Using a simple 10-point scale similar to neonatal
Apgar assessment we evaluated whether a surgical outcome score calculated
immediately after radical cystectomy would predict major complications and
mortality.
Materials and Methods: We identified 155 consecutive radical cystectomies
performed between 2005 and 2007 at our institution. Data were collected on
45 preoperative and intraoperative variables. We used a framework estab-
lished by the National Surgical Quality Improvement Program to evaluate
major complications within 30 days of surgery. We used a 10-point scoring
system that had been previously validated in general and vascular surgery
populations, comprising estimated blood loss, lowest heart rate and lowest
mean arterial pressure.
Results: A total of 40 (26%) patients undergoing radical cystectomy experienced
a major complication within 30 days of the operation. There was a progressive
decrease in complications with increasing surgical Apgar score, in that patients
with a low vs a high Apgar score were more likely to experience complications
(OR 6.9, 95% CI 1.9-24.2). Coronary artery disease, American Society of Anes-
thesiologists class, intraoperative blood transfusion, volume of intravenous fluid
administered and female gender were also associated with major complications
(p �0.05).
Conclusions: In patients undergoing radical cystectomy the surgical Apgar score
predicts major postoperative complications and death. This simple and objective
postoperative metric may be used to dictate the intensity of care. Prospective
studies are needed to determine whether treatment decisions based on this
scoring system improve radical cystectomy outcomes.
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RADICAL cystectomy is associated with
significant perioperative morbidity
and mortality. The 30-day complica-
tion rate is 33% to 50% with myocar-
dial infarction, pulmonary embolus
and anastomotic leak requiring reop-

eration, accounting for a fourth of ma-
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jor complications.1 Blood transfusion
is administered in 35% to 60% of
cases and mortality is as high as 2%
to 7% in contemporary series.2,3 The
duration of intensive care unit moni-
toring and hospital stay are longer

than for most urological procedures.
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Despite the higher prevalence of RC complications
objective tools to assess perioperative risk are lack-
ing, and variable physician practice patterns and
subjective clinical assessment determine immediate
postoperative care.

Since the release of the Institute of Medicine
report detailing that between 44,000 and 98,000
deaths occur yearly due to medical error, initia-
tives have been performed to improve the quality
of care and decrease the number of preventable
inpatient deaths.4 The recent literature suggests
that 70% of adverse events occurring in the inpa-
tient setting are preventable and specific strate-
gies may decrease inpatient mortality, including
more rapid identification of those at highest risk
for adverse events.5,6

Recently a prognostic SOS was developed at our
institution to grade the condition of general surgical
cases in the immediate postoperative period and
potentially guide the intensity of postoperative
care.7 The concept and structure of this score was
derived from the straightforward, easy to calculate
10-point Apgar score used in obstetrics to grade the
condition of newborns and predict neonatal survival.8

This SOS, which is based on the 3 intraoperative
variables of EBL, lowest HR and lowest MAP, was
derived and validated in patients undergoing gen-
eral and vascular surgical procedures. Furthermore,
the relative risk of major complications or death was
20 times greater in the highest vs the lowest SOS
risk strata. The effects of EBL, intraoperative tachy-
cardia and hypotension have previously been found
to be independent predictors of adverse outcomes
postoperatively.7,9,10 We investigated whether this
SOS would stratify the risk of postoperative morbid-
ity and mortality in the RC population.

METHODS

Data Collection
After receiving institutional review board approval we
identified 155 consecutive patients who underwent RC for
bladder cancer, as performed by 5 surgeons at Brigham

Table 1. Original and modified 10-point SOS

SOS 0

Original:
EBL (ml) Greater than 1,000 601
Lowest MAP (mm Hg) Less than 40 40
Lowest HR (beats/min) Greater than 85 76

Modified:
EBL (ml) Greater than 1,500 1,001
Lowest MAP (mm Hg) Less than 40 40
Lowest HR (beats/min) Greater than 85 76
* Total score is the sum of points in all 3 categories during surgery.
and Women’s Hospital between January 1, 2005 and Sep-
tember 30, 2007. Preoperative, intraoperative and out-
come variables were defined according to the definitions
established by the American College of Surgeons
NSQIP.11 A total of 23 preoperative, 22 intraoperative and
24 outcome variables were collected (see Appendix). Com-
plications, including mortality, were assessed up to 30
days postoperatively.

Some variables were grouped into preoperative and
outcome categories that were treated as binary variables.
Preoperative cardiovascular morbidity status included
cardiac catheterization demonstrating coronary artery
disease and revascularization with coronary artery bypass
grafting or percutaneous transluminal coronary angio-
plasty with stent placement. Pulmonary comorbidity in-
cluded chronic obstructive pulmonary disease with doc-
umented pulmonary function testing, regular use of
bronchodilators or a prior requirement for mechanical
ventilation due to respiratory distress. Smoking history
was grouped into patients who had never smoked, those
who had smoked in the past and those who actively
smoked. Individuals with diet controlled diabetes or those
requiring oral hypoglycemic medication or insulin were
grouped together as having diabetes as a comorbidity.

SOS Modification
The previously validated SOS comprised 3 variables,
including EBL, lowest HR and lowest MAP. These in-
dependent variables were abstracted from anesthesia
records. Hemodynamic parameters had been recorded
every 5 minutes, while EBL, temperature and crystal-
loid administration had been updated hourly. We ap-
plied the SOS to our RC sample with slight modification
(table 1). Due to the higher blood loss typical of RC we
grouped EBL distribution by quartiles and assigned a
1-point increment per quartile, resulting in a possible
EBL scale score of 0 to 3 points.

Primary study outcomes were major complications
and death within 30 days of surgery. The categorization
of major and minor complications was consistent with
NSQIP definitions. Major complications included repeat
intubation, intubation greater than 24 hours postopera-
tively, pulmonary embolus, deep vein thrombosis, stroke,
myocardial infarction, cardiac arrest requiring cardiopul-
monary resuscitation, bleeding requiring greater than 4 U
packed red blood cell transfusion within 72 hours after
operation, anastomotic leak of urine or bowel contents,

Allocated Points/Category*

2 3 4

101–600 100 or Less —
55–69 70 or Greater —
66–75 56–65 55 or Less

601–1,000 600 or Less —
55–69 70 or Greater —
66–75 56–65 55 or Less
1

–1,000
–54
–85

–1,500
–54
–85
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sepsis, new onset atrial fibrillation or other dysrhythmia,
wound dehiscence and acute renal failure. Minor compli-
cations included postoperative ileus, pneumonia, urinary
tract infection, nausea or vomiting, dehydration, fever
above 101.5F greater than 48 hours postoperatively and
superficial wound infection.

Statistical Analysis
Analysis was performed using the SAS® 9.1 statistical
software package. Univariate analysis was performed
between each preoperative and intraoperative variable
with the primary outcome of major complication or
death. Complication rates by individual and categorized
surgical Apgar scores were compared using the chi-
square test. The relative risk with the 95% CI was
calculated for individual and risk stratified scoring
groups.

RESULTS

Baseline Characteristics

A total of 155 patients underwent RC during the
study period (table 2). Mean age of the study pop-
ulation was 61.9 years and patients with vs with-
out complications were an average of 2 years
older. Women represented 34% of all patients un-
dergoing cystectomy but they comprised 50% of all
patients with complications (p � 0.03). Patients
with vs without complications were more than
twice as likely to have cardiovascular disease (28%
vs 11%, p � 0.02). In addition, ASA physical clas-
sification status was also associated with postop-
erative adverse events (p � 0.02). Body mass in-
dex, preexisting pulmonary disease, diabetes
mellitus and neoadjuvant chemotherapy were not
significantly associated with complications.

Intraoperative Characteristics and Outcomes

Intravenous fluid administration, EBL and blood
transfusion were statistically significantly associ-
ated with major complications (p �0.05, table 3).
Operator variables, including attending surgeon,
resident training year and academic calendar
quartile, were not associated with postoperative
morbidity. Furthermore, epidural placement and

Table 2. Study population baseline preoperative characteristics

Overall

No. pts 155
Mean age 61.9
No. female (%) 47 (34)
Mean body mass index (kg/m2) 27.6
No. nonsmoker (%) 43 (28)
No. cardiovascular disease (%) 24 (15)
No. pulmonary disease (%) 13 (8)
No. diabetes mellitus (%) 16 (10)
ASA class (continuous) 2.3
No. neoadjuvant chemotherapy (%) 41 (26)

No. bacillus Calmette-Guerin therapy (%) 39 (25)
operative time surgery did not correlate with post-
operative complications. Finally, the intraopera-
tive patient measures of highest and lowest HR,
MAP, systolic blood pressure, temperature and
oxygen saturation were unrelated to postoperative
morbidity and mortality.

A total of 83 patients (54%) were free of compli-
cations and 72 (46%) experienced minor complica-
tions, of whom 40 (26%) also experienced major com-
plications within 30 days of RC. One patient in the
latter group died of cardiac arrest within the 30-day
interval on postoperative day 22. A total of 28 pa-
tients (18%) were readmitted to the hospital within
30 days of surgery. Length of stay was 2.3 days
longer in those with vs without complications (10.6
vs 8.3 days, p � 0.003).

Surgical Outcome Score

The original and the modified SOSs were signifi-
cantly associated with major adverse events (40
patients or 25.8%, p �0.001). Figures 1 and 2 show
stratified results of the original and modified
SOSs in quintiles. The results of the modified
score are discussed. While no patients scored 0 or
1 on SOS, 57% of those with a score of 2 to 3
experienced a major complication or death com-
pared to 43% with an intermediate score of 4 to 5.
Conversely patients with a higher score had far
fewer complications, for example 19% scoring 6 to
7 on SOS experienced a major complication, while
only 8% scoring 8 to 10 experienced a major com-
plication.

Of the 3 components of the surgical Apgar score
only EBL was statistically significantly associated
with complications (table 4). Increased lowest HR
and decreased lowest MAP were not associated
with complications.

DISCUSSION

In this era of evidence-based medicine objective
postoperative metrics are lacking for RC. Complex
surgical outcome tools, such as the Acute Physiology

r Complication No Major Complication p Value

40 115
63.4 61.4 0.35
20 (50) 20 (29) 0.03
27.7 27.5 0.76
11 (28) 32 (28) 0.68
11 (28) 13 (11) 0.02

4 (10) 9 (8) 0.75
6 (15) 10 (9) 0.30
2.4 2.3 0.02
9 (23) 32 (28) 0.54
Majo
15 (38) 24 (21) 0.06
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and Chronic Health Evaluation score, and the Physi-
ological and Operative Severity Score for the Enumer-
ation of Mortality and Morbidity, have been developed
but they are rarely used in the clinical setting due to
the cumbersome calculations needed during a pro-
longed period. Given the potential for significant
morbidity and mortality during RC, identifying
and customizing perioperative patient treatment
by predicted risk may yield significant improve-
ments in patient outcome and appropriate use of
finite resources.

The complication rate and overall mortality in
our series approximate the results of other re-
ported data.12 Variability in our definition of major

Table 3. Intraoperative characteristics and outcomes

Overall M

No. pts 155
Lowest HR (beats/min) 60
Lowest MAP (mm Hg) 59
EBL (ml) 1,242
Postgraduate resident yr 4.7
Academic yr quartile 2.6
Mean operative time (mins) 452
No. ileal conduit (%) 114 (74)
Highest HR (beats/min) 95
Highest MAP (mm Hg) 105
Intravenous fluid administered (ml) 7,279
Body temperature (C):

Highest 36.7
Lowest 35.4

% Lowest oxygen saturation 97.5
No. epidural anesthesia (%) 65 (42)
No. intraop red blood cell

transfusion (%)
90 (58)

Outcome:
No. death within 30 days (%) 1 (0.6)
Hospital stay (days) 8.9
Figure 1. Original SOS, and majo
and minor complication may also explain some of
the differences between our series and others. For
example, we categorized deep vein thrombosis, car-
diac arrhythmia and urine leak as major complica-
tions, while others have considered these to be mi-
nor complications.12 Our hospital readmission rate
also compares favorably with reported results in the
literature.

The systematic use of a standard postoperative
surgical score affords multiple advantages. It is a
simple, easily calculated tool that can be incorpo-
rated into the standard brief operative note and
provide an objective metric for the care team after
major surgery. In the modern era of the 80-hour

mplication No Major Complication p Value

115
60 0.73
59 0.58

1,040 �0.001
.7 4.7 0.84
.4 2.6 0.30

445 0.09
(78) 83 (72) 0.54

95 0.96
104 0.67

7,052 0.04

.6 36.7 0.80

.5 35.4 0.73

.4 97.6 0.54
(33) 55 (48) 0.07
(75) 60 (52) �0.01

(2.5) 0
.6 8.3 �0.01
ajor Co

40
61
59

1,835
4
2

472
31
96

107
7,931

36
35
97
13
30

1

r complications and death
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work week, increased frequency of patient hand-
offs and use of night float residents this SOS al-
lows house staff cross covering to obtain an objec-
tive measure of immediate postoperative status.
In time SOS may guide the postoperative alloca-
tion of resources, including rapid response teams,6

admission to intensive care units and use of risk
stratified clinical pathways for postoperative care.

Additionally, this outcome score incorporates 3
factors (EBL, highest HR and lowest MAP) that
are influenced by surgeons, anesthesiologists and
overall preoperative patient fitness. EBL is a fac-

Table 4. Patients by category and complication

No.
Complications (%)

No. No
Complications (%) p Value

No. pts 40 115
EBL (cc): 0.0003

Greater than 1,500 19 (48) 19 (17)
1,001–1,500 10 (25) 29 (25)
601–1,000 8 (20) 30 (26)
600 or Less 3 (8) 37 (32)

Lowest HR (beats/min): 0.30
Less than 40 0 1 (1)
40–54 13 (33) 35 (30)
55–69 16 (40) 61 (53)
70 or Greater 11 (28) 18 (16)

Lowest MAP (mm Hg): 0.43
Greater than 85 0 0
76–85 0 1 (1)
66–75 7 (18) 16 (14)
56–65 19 (48) 70 (61)

Figure 2. Modified SOS, an
55 or Less 14 (35) 28 (24)
tor that is largely under the control of the operat-
ing surgeon. The association of baseline tachycar-
dia with all cause and cancer specific mortality as
well as with a prolonged intensive care unit stay
and perioperative mortality in patients who un-
dergo noncardiac surgery has been reported.13,14

Baseline HR may be a surrogate for patient pre-
operative fitness. Finally, MAP is influenced by
the intrinsic pump function of the heart as well as
by anesthetic manipulation with intravenous fluid
administration, and the administration of vasoac-
tive and cardiogenic medications. This multifacto-
rial approach to patient outcome that relies on the
interplay of patient, surgeon and anesthesiologist fac-
tors is compelling and consistent with modern ap-
proaches to optimize the patient postoperative course.

Like all single institution retrospective studies,
these findings must be interpreted in the context
of the study design. We collected data in retrospec-
tive fashion with reliance on the documentation of
adverse events in the medical record. In addition,
we determined intraoperative parameters using
anesthesia operative logs since continuous elec-
tronic recording and charting of HR and blood
pressure were not available. However, these tech-
nologies are subject to artifact and recording of
momentary fluctuations that may not be clinically
relevant and are minimized by manual recording.
Similarly EBL is a somewhat imprecise calcula-
tion, although interobserver variability is tem-
pered by the range offered in the SOS model. As

r complications and death
expected, there was a strong correlation between
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EBL and blood transfusion. We believe that rely-
ing on the anesthesiologist calculation for these
parameters removes potential surgeon observer
bias. Future directions include continued refine-
ment of this model for RC, prospective evaluation
to determine whether our model can predict out-
comes and use of an electronic anesthesia record
with controls for recording artifact. Finally, vali-
dating the RC SOS in a larger sample may enable us to
observe a significant effect of the HR and MAP scales
of SOS on outcome since this study may have been

underpowered to observe these effects.

Guerin therapy
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CONCLUSIONS

This SOS correlated with short-term morbidity
and mortality in patients undergoing RC. Its
straightforward structure and ease of calculation
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Given that RC remains the treatment of choice for
muscle invasive bladder cancer, our hope is that
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care by risk stratification and attenuate morbidity
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APPENDIX
Preoperative, Postoperative and Outcome Variables

Preoperative Intraoperative Outcome

Date of surgery Current smoking Surgeon Highest MAP Ileus Cardiac arrest
Age Quit smoking in

last year
Clinical year of resident Lowest systolic blood pressure Pneumonia Transfusion greater than 4 U packed

red blood cell in 72 hours
Gender Chronic

obstructive
pulmonary
disease

Quartile of academic
year

Lowest diastolic blood
pressure

Urinary tract infection Urine leak

Height Inhaler use Diversion (conduit vs
neobladder)

Lowest MAP Dehydration or
vomiting

Sepsis

Weight Ventilator
dependence

Duration of surgery EBL Temperature greater
than 101.5F greater
than 48 hours
postoperatively

Atrial fibrillation or other
dysrhythmia

Body mass index Cancer stage Initial HR Crystalloid volume
administered

Wound infection Wound dehiscence

Coronary artery
disease

Diet controlled
diabetes

Highest HR Highest body temperature Intubation greater
than 24 hours

Acute renal failure

Coronary stent Diabetes
medication

Lowest HR Lowest body temperature Re-intubation Length of stay

Coronary artery
bypass surgery

Bladder cancer
in first-degree
relative

Final HR Lowest oxygen saturation Pulmonary embolus Minimally invasive intervention

Creatinine Neoadjuvant
chemotherapy

Highest systolic blood
pressure

Epidural anesthesia Deep vein thrombosis Reoperation

Active hematuria ASA physical
classification
status

Highest diastolic blood
pressure

Volume of blood transfusion Stroke Hospital readmission within 30 days
of surgery

Bacillus Calmette- Myocardial infarction Death
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There is an increasing need for predictive tools to
assess perioperative risk in the RC population. Blad-
der cancer is typically a disease of elderly individu-
als and patients with multiple comorbid health con-
ditions. Patients undergoing RC are among those at
highest risk for major perioperative complications.
Major perioperative complication rates in excess of
30% and mortality rates of 1% to 5% have been
reported by groups at major tertiary medical cen-
ters.1

These authors report the usefulness of a simple
3-item (blood loss, lowest HR and lowest MAP)
SOS to risk stratify patients undergoing RC in the
perioperative setting. This tool was previously
validated in the general surgery population and
its major application is in guiding the intensity of
postoperative care. In their study of 155 patients
undergoing RC in a 2.5-year period the authors
identified a 26% major complication rate and a
0.6% mortality rate. Moreover, a lower surgical
Apgar score was associated with a higher risk of
perioperative complications.

Certainly many other perioperative variables im-
pact the outcome after RC. In the current study
coronary artery disease, intraoperative blood trans-
fusion, ASA class, female gender and the volume of
intravenous fluids administered were also associ-
ated with major complications. Previous studies us-
ing the NSQIP database have demonstrated that
patient age, operative time, functional status, renal
function and chronic steroid use also affect RC out-
comes.2 Nonetheless, the beauty of this 3-item tool is
its simplicity and ease of application since all of the
necessary data may be obtained from the anesthesia
record.

However, surgeons must realize that this addi-
tional method is only 1 potential tool for assessing
perioperative risk. Several other clinical and intra-
operative variables mentioned should also be consid-
ered when determining the intensity of postopera-
tive care. Recent data suggest that up to 70% of
adverse events that occur in the inpatient setting
are preventable and strategies may be implemented
to decrease hospital morbidity and mortality (refer-
ence 5 in article). Identifying patients at highest risk
for adverse events after RC may help decrease com-
plications. However, the next step is to identify and
implement the appropriate treatment algorithms in
patients at highest risk.

Although these authors present compelling
data to suggest that the Apgar 3-item SOS is
helpful for identifying patients at highest risk for
serious complications after RC, larger multi-insti-
tutional studies are necessary to confirm these
findings. The current study included 155 patients
and 5 surgeons with most operations performed by
1 surgeon. In addition, the patient population in
this study was relatively young and physically fit
with an average age of 61.9 years, a body mass
index of 27.6 kg/m2, and cardiovascular and pul-
monary disease in 15% and 8%, respectively. Fur-
thermore, 133 of the 155 patients underwent lim-
ited pelvic lymph node dissections at cystectomy,
only 41 underwent continent urinary reconstruc-
tion and the complication rate was signifi-
cantly higher in female patients. Therefore, these
results may not be reproduced at other centers or
practices.

With the advent of robotic surgery for bladder
cancer the impact of minimally invasive techniques
on complications must also be assessed. This study
comes from a high volume robotic surgery center
and there is no mention of the number of RC proce-
dures that were performed robotically in this series.
Preliminary studies of robotic RC have shown a
significant decrease in intraoperative blood loss,
which is 1 of the 3 items in the Apgar SOS. In our
preliminary experience with robotic RC we have
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seen a higher incidence of deep venous thrombosis
and pulmonary embolus.

Again, these authors have identified a new, easy
to use tool to help assess postoperative risk after RC.
This study is also important for detailing the signif-
icant morbidity and mortality of RC at high volume
major tertiary cancer centers. Future studies are
imperative, not only to further delineate the factors
associated with poor outcomes, but also to identify
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tions and mortality in this high risk patient popula-
tion.

Mark H. Katz

Urologic Oncology
and

Gary D. Steinberg

Section of Urology
University of Chicago Medical Center
the interventions necessary to minimize complica- Chicago, Illinois
1. Stein JP, Lieskovsky G, Cote R, Groshen S, Feng AC, Boyd S et al: Radical cystectomy in the treatment of invasive bladder cancer: long-term results in 1,054 patients.
J Clin Oncol 2001; 19: 666.

2. Hollenbeck BK, Miller DC, Taub D, Dunn RL, Khuri SF, Henderson WG et al: Identifying risk factors for potentially avoidable complications following radical cystectomy.
J Urol 2006; 174: 1231.


	Surgical Apgar Outcome Score: Perioperative Risk Assessment for Radical Cystectomy
	METHODS
	Data Collection
	SOS Modification
	Statistical Analysis

	RESULTS
	Baseline Characteristics
	Intraoperative Characteristics and Outcomes
	Surgical Outcome Score

	DISCUSSION
	CONCLUSIONS
	APPENDIX
	REFERENCES


