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Abstract.
Background: Radical cystectomy is associated with perioperative complication rates exceeding 50% in some series. Readmission rates are increasingly used as a surgical quality metric. White blood cell count is a crude surrogate for physiologic
processes which may reflect postoperative complications leading to readmission.
Objective: We assessed the association between final white blood cell count at discharge and risk of readmission following
radical cystectomy.
Methods: Records on 477 patients undergoing radical cystectomy from 2006–2013 were reviewed. Final white blood cell
count was defined as the last documented value during index admission. Univariate analysis was performed using Fisher’s
exact, Wilcoxon rank sum test, and Spearman’s coefficient tests where appropriate. Multivariable logistic regression models
were used to test the associations between final white blood cell count and readmission.
Results: 34% of patients were readmitted within 90 days of surgery. Amongst this cohort, a cutoff final white blood cell
count of 9000/mm3 was identified, with a significantly higher proportion of patients with values >9000/mm3 experiencing
readmission than those with values ≤9000/mm3 (42% vs 28%, p = 0.004). Other perioperative variables associated with an
increased readmission rate included initial hospital length of stay ≤10 days, and receipt of a continent diversion. Following
adjustment, final white blood cell count >9000/mm3 was associated with increased risk of readmission (OR 2.09, 95% CI
1.23–3.53, p = 0.006).
Conclusions: Final white blood cell count is associated with hospital readmission following radical cystectomy. This metric
may provide important guidance in discharge algorithms.
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INTRODUCTION
Radical cystectomy (RC) is the primary therapy
for loco-regional control of muscle-invasive or BCGrefractory bladder cancer [1]. RC is associated with
high rates of perioperative morbidity and mortality, with 90-day complication rates ranging between
31–64% [2–8].
Complication rates after RC are widely reported
and there is significant literature devoted to understanding the causes of readmission following RC.
Early readmission rates range from 20–26% [9–13],
respectively, and complication rate is probably associated with hospital readmission [10, 13]. Hospital
readmission rates are increasingly being tied to
healthcare economics and surgical quality metrics
[14], highlighting the value of identifying risk factors
for readmission.
White blood cell count (WBC) is a crude surrogate of inflammatory and other physiologic processes
[15, 16], which may be associated with various
causes of postoperative complications. As post discharge complications often involve inflammatory
processes resulting in readmission to the hospital [9]
and infectious causes have been found to account for
52% of non-modifiable readmissions [11], it may be
of value to determine if a marker of inflammation during the index hospital stay can predict readmission.
Our objective was to assess the association between
final recorded white blood cell count (fWBC) prior
to index hospitalization discharge and readmission in
patients undergoing RC.
MATERIALS AND METHODS
Study population
Following exempt Institutional Review Board
Approval, our institutional prospectively maintained
bladder cancer database was queried for all cases
of RC performed from 2006–2013 (Fig. 1). Our
data reflects that of five fellowship trained bladder
surgeons (one additional surgeon pre-dates formal

fellowship training programs) of variable clinical
volume and experience at a high-volume NCCNdesignated comprehensive cancer center. Fifty-three
patients have follow-up <90 days, 26 of whom died
within 90 days. Patients with missing data or inadequate follow up were excluded from analyses where
necessary. Patients who died during their index hospitalization were also excluded from analyses.
Co-Variates
54 pre- and postoperative clinicopathologic
variables were retrospectively obtained from computerized health records. These include patient
demographics, pre- and postoperative laboratory
values, oncologic status including pathologic staging, neoadjuvant chemotherapies, and indications
for cystectomy, preoperative comorbidities, ECOG
status, intraoperative factors including blood loss,
and postoperative morbidity and mortality data.
These variables are listed in Supplementary
Table 1.
Exposure and outcomes
fWBC was defined as the last documented WBC
during the index hospital admission. Admissions to
the hospital within 90 days of RC were defined as
hospital readmissions.
Statistical analyses
SAS 9.3 was utilized for statistical programming
and analysis. Significant cutoff values for continuous
variables were identified using the recursive partitioning method. When examining fWBC amongst this
cohort, a cutoff value of 9.4 × 103 /mm3 was identified (rounded off to 9.0 × 103 /mm3 ) using threshold
analysis with readmission used as the primary endpoint. Further, we divided the cohort into a discovery
and validation set and repeated the classification
process to identify at optimized cutoff point for
fWBC. Univariate analysis (UVA) was performed
using Fisher’s exact, Wilcoxon rank sum test, and
Spearman’s coefficient tests where appropriate. For
multivariate analysis (MVA), models were fit using
logistic regression.
RESULTS
477 patients undergoing RC were identified. 352
(74%) were male. The median age of the cohort was
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Fig. 1. Study Population.
Table 1
Baseline patient characteristics
N (%)
Patients
Age (yrs)
Male
Male
Female
Race
White
African-American
Other
BMI (kg/m2 )
Hgb (g/dL)
Creatinine (mg/dL)
Albumin (g/dL)
ASA
1
2
3
4
h/o XRT*
EBL (cc)

Median +/- Std. dev.

477
69.77 + /- 10.02
352 (74)
124 (26)
422 (90.2)
36 (7.7)
10 (2.1)
454
469
466
452
477
16 (3.3)
296 (62.1)
163 (34.2)
2 (0.4)
53 (11.1)
488

26.9 + /- 5.9
12.5 + /- 1.86
1.03 + /- 0.53
3.95 + /- 0.62

600 + /- 983.39

*XRT for prostate or colorectal cancer.

69.5 years. 366 patients had fWBC measured on their
final day of admission and the other 111 patients had
fWBC measured at least one day prior. Peri-operative

demographics and outcomes are listed in Tables 1 and
2. Patients who suffered complications during the
index admission were categorized by complication
type (Table 3). A total of 86 patients (18%) had a complication during their index hospital stay, 60 of whom
qualified for multiple complication categories. As an
example, a patient with a pulmonary embolism would
qualify for both the DVT/PE category and pulmonary
category. Infectious complications were the most
common category comprising 39 patients (8.1%), followed by 22 patients (4.6%) and 21 patients (4.4%)
who had gastro-intestinal complications and a return
to the operating room, respectively.
In total, 164 (34.4%) of patients were readmitted
within 90 days of RC and 26 (5%) were deceased
within 90 days of surgery. Table 4 describes the
reasons for readmission with the most common etiology being infectious/inflammatory in nature in
106 patients (22.2%). Of the 26 patients who died,
11 (44%) expired due to complications related to
surgery, as opposed to five (20%) who died from progression of disease and three (12%) who died from
complications related to co-morbid conditions. Seven
patients (28%) who died within 90 days were lost
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Fig. 2. Discovery set (50% of the cohort) vs. original result.

to follow up prior to their death. Nine patients died
during their index hospitalization.
When examining fWBC amongst this cohort,
a cutoff value of 9000/mm3 was identified using
threshold analysis. Amongst the cohort, 37% of
patients had a fWBC of >9000/mm3 . A significantly
higher proportion of patients with fWBC >9000/mm3
experienced readmission (Table 5) than those with
fWBC ≤ 9000/mm3 (42% vs 28%, p = 0.004). Other
perioperative variables associated with an increased
readmission rate included initial hospital length of
stay ≤10 days (36% vs 26%, p = 0.04), and continent diversion (51% vs 30%, p < 0.0001). Overall
complication rates during the index admission were
not associated with readmission (25% vs 35%,
p = 0.09). Infectious complications accounted for
over 40% of all patients readmitted to the hospital and when combined with other inflammatory
conditions such as DVT/PE, accounted for nearly
two-thirds of readmissions. However, readmission
for infectious/inflammatory conditions was not different among fWBC groups (9% vs. 11.2%, p = 0.43).
When evaluating for an association between LOS
and readmission for infectious/inflammatory conditions, we found that 11.6% of patients with
a LOS of ≤10 days were readmitted for infectious/inflammatory etiologies, compared to only 6%
of those patients with LOS >10 days. This, however,
only approached statistical significance (p = 0.058).
We also found no difference between median fWBC
for LOS ≤10 days vs.>10 days (8 vs 8.6 days, p = 0.1).
When evaluating comparisons between fWBC
and other investigated variables, we noted patients
with fWBC >9000/mm3 were more likely to have
a Clavien grade 3 complication (39.9% vs. 29.1%,
p = 0.02) and to die within 90 days of surgery (9.6%

vs. 3%, p = 0.003). fWBC was not associated with significant differences between in-house complications,
LOS, type of diversion (continent vs. incontinent),
open vs. robotic surgery, sex, race, renal function,
ASA, or radiation history.
On multivariate analysis for predictors of readmission, controlling for significant variables (Table 6),
fWBC > 9000/mm3 remained an independent predictor of readmission post-RC (OR 2.09, 95% CI
1.23–3.53, p = 0.006). Continent diversion (OR 2.50,
95% CI 1.21–5.18, p = 0.01) and shorter initial hospital length of stay (≤10 days) (OR 4.03, 95% CI
1.99–8.14, p = 0.0001) also remained significant predictors of readmission.
After dividing the cohort randomly and equally
into a discovery set and validation set, the classification process on the discovery set was repeated to
look for an optimized cut-off point for fWBC. We
obtained a value of 9.2 × 103 /mm3 which was similar to our previous finding of 9.4 × 103 /mm3 (Fig. 2).
Using the rounded value of 9.0 × 103 /mm3 to fit an
MVA model using the validation data, we produced
similar results to our MVA previously described in
Table 6. We have included our validation set MVA in
Supplementary Table 2.

DISCUSSION
We sought to determine whether fWBC was associated with hospital readmission following RC. Further,
we aimed to analyze 54 clinicopathologic variables
obtained from review of our bladder cancer database
to identify other factors that associated with readmission following RC. We found that fWBC above
9000/mm3 was significantly associated with risk of
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Table 2
Perioperative demographics and outcomes
Total (%)
WBC (× 109 /L)
<=9
>9
Readmission (90 days)
Complication (in-house)
Clavien III complication
Death (90 days)
Length of stay (days)
0–10
>10
MIS
Diversion
Incontinent
Continent
Live discharge other than home
(e.g. skilled nursing facility, acute rehab, etc)

299 (62.7)
178 (37.3)
158 (33.12)
84 (17.61)
158 (33.12)
26 (5.45)
327 (68.7)
149 (31.3)
88 (18.5)
404 (84.9)
72 (15.1)
58 (12.2)

hospital readmission. Presence of a continent diversion andinitial hospital LOS <10 days also predicted
readmission.
In a recent review by Richards et al. [5], the
authors meticulously describe a number of pre-,
post-, and intra-operative considerations that can
be used to minimize the significant post-operative
morbidity of RC and to appropriately risk-stratify
patients. The complication profile following radical
cystectomy has been associated with preoperative
comorbidity status, age, and oncologic status [2,
4]. Additionally, preoperative renal insufficiency and
high intraoperative intravenous fluid administration
have been associated on multivariate analysis with
complications of any grade while increasing intraoperative blood loss was associated with high-grade
complications [17]. Furthermore, functional status,
preoperative dyspnea, chronic steroid use, preoperative alcohol consumption, operative time, and
surgeon level of training [18] are amongst many other
[6] components of the perioperative patient profile
that can be considered.
Most of the previously published cohorts focused
attention on pre-operative risk factors that stratify
patients into higher risk groups for post-operative
complications such as increasing BMI, Charleson
co-morbidity index, or ASA score [3]. However,
readmission rates, or specific perioperative factors
that predict readmission, are far less frequently
reported [9].
The combination of a high rate of adverse events
associated with significant economic burden [19,
20] and a high rate of readmission warrants closer
attention, especially in the context of increasing
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scrutiny being leveled upon hospital readmission
rates. For complex oncologic surgical procedures
such as RC, identification of easy-to-measure clinical
parameters associated with risk of re-hospitalization
– like WBC – may help to guide targeted interventions in the outpatient setting to reduce readmission
risk. This approach complements enhanced recovery after surgery protocols that have been shown to
shorten hospital stay without increasing readmission
rates [21].
WBC is a crude surrogate for generalized
inflammatory processes in many urological and nonurological diagnoses. WBC associates with hospital
readmission rates in patients with renal colic [22]
and pulmonary embolism [23]. Interestingly, elevated
pre-operative WBC has also been independently
associated with increased adverse postoperative
outcomes and mortality [15, 24], and with the
development of post-operative atrial fibrillation [25]
following coronary artery bypass grafting.
The results of our study show that fWBC is associated with risk of hospital readmission following RC.
This may suggest that these patients have demonstrated a generalized increase in their acute phase
response, heralding an otherwise unforeseen future
infectious or otherwise inflammatory complication.
This conclusion is especially valuable given that a
large proportion of hospital readmissions following
RC are a result of infectious complications.
Although we did note that nearly two-thirds of
readmissions were due to infectious/inflammatory
complications, our analysis did not show a specific association between infectious/inflammatory
readmissions and fWBC. This may be due to the
fact that active infectious/inflammatory complications that occur during the index stay are associated
with other clinical signs/symptoms and would be
recognized/treated prior to discharge, whereas sterile inflammatory processes may be more insidious.
Patients with clinical symptoms (e.g. fever) are less
likely to be discharged with a persistently elevated
WBC. However, subtle harbingers of an elevated
WBC (e.g. pelvic lymphocele) that may lead to an
eventual infectious process or trigger readmission
could be clinically silent at the time of initial discharge.
Our analysis also demonstrated that an initial hospital LOS ≤10 days was associated with risk of
readmission. This suggests that those patients who
are ultimately readmitted may have benefitted from
a more prolonged index hospitalization. While prolonged hospital stays have adverse costs, avoidance
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Table 3
In-House Complications
Category

Number of patients
qualifying for category

% of cohort (n = 477)

39
22
21
15
11
10
8
7
6
4
2
1
60
146
86

8.1
4.6
4.4
3.1
2.3
2.1
1.7
1.5
1.3
0.8
0.4
0.2
12.6
–
18.0

Infectious
Gastro-intestinal
Return to OR
Cardiovascular
Pulmonary
DVT/PE
Bleeding
Intra-operative complication
Death
Renal/electrolytes
Other
Disease progression
Patients qualifying for multiple categories
Total complications
Total number of patients

Table 4
Readmission within 90 days
Category
Infectious/inflammatory
Renal/electrolytes/FTT
Other (Pain, social issues, disease progression,
complication NOS)
CV/Pulmonary (non-infectious)
Patients in multiple readmission categories
Total readmissions

of immediate hospital readmission offsets these costs
and would avoid financial penalties for hospital readmission.
Recognizing the limitations of fWBC as a nonspecific biomarker for readmission, and acknowledging that there are a multitude of etiologies for
post-operative inflammatory processes, fWBC may
be best used in conjunction with other clinical
variables to guide decision-making. It is not uncommon for WBC to fluctuate in the post-operative
period without a clear explanation. Our results suggest that these fluctuations might be considered
when decisions regarding disposition are being made.
For example, if a patient has an inflammatory or
infectious complication, fWBC may be useful –
in conjunction with other parameters – as a measure of suitability for discharge. Further, fWBC
could be used to risk-stratify patients at the time of
discharge and inform tailored interventions in the
outpatient setting such as home fluid resuscitation
or identify patients who would benefit from more
immediate follow up evaluation. This argument is
supported by the fact that readmissions for infectious/inflammatory conditions were more likely when
LOS was shorter. Although this only approached sta-

Number of patients

% of cohort in category (N = 477)

106
63
12

22.2
13.0
2.5

8
25
164

1.7
5.2
34.3

tistical significance, we believe that this finding is
clinically significant and when combined with our
other findings makes the case that some patients may
benefit from a more protracted inpatient stay if an
infectious/inflammatory condition is suspected. We
further noted that fWBC > 9000/mm3 predicted the
presence of a Clavien grade 3 or greater complication and death within 90 days of surgery, further
highlighting the potential significance of fWBC.
Our findings are limited primarily by the retrospective institutional study design.
One other limitation of our study is that we did
not capture all outside hospital readmissions. However, the institutional practice is that every effort is
made to transfer patients back to Fox Chase Cancer
Center if they are admitted to a non-index hospital.
Further, if the readmission was brought to the attention of the staff, it was documented in the prospective
database.
It is intuitive that the absence of leukocytosis alone
should not guide the disposition of patients and it
is also noteworthy that a WBC of 9000/mm3 is not
considered to be abnormal. However, in the appropriate clinical context it can be used as an adjunct
to other objective and subjective data to adjudicate
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Table 5
Univariate Analysis for predictors of readmission
Readmission
WBC
< = 9/mm3
>9/mm3
In-house complication
Yes
No
LOS
0–10 d
>10 d
Surgery type
Open
MIS
Diversion type
Incontinent
Continent
Clavien III or higher
Yes
No
Death < 90d
Yes
No
Sex
Male
Female
Race
White
AA
Other
Disposition at discharge
Nursing home
Other
History of pelvic XRT
Yes
No
ASA
1
2
3
4

n

Yes (%)

No (%)

299
178

84 (28)
74 (42)

215 (72)
104 (58)

84
393

21 (25)
137 (35)

63 (75)
256 (65)

327
149

118 (36)
39 (26)

209 (64)
110 (74)

389
88

127 (33)
31 (35)

262 (67)
57 (64)

404
72

120 (30)
37 (51)

284 (70)
35 (49)

158
319

98 (62)
60 (19)

60 (38)
259 (81)

26
451

13 (50)
145 (32)

13 (50)
306 (68)

352
124

124 (35)
34 (27)

228 (65)
90 (73)

422
36
10

137 (32)
16 (44)
3 (30)

285 (68)
20 (56)
7 (70)

58
419

12 (21)
146 (35)

46 (79)
273 (65)

53
424

18 (34)
140 (33)

35 (66)
284 (67)

16
296
163
2

3 (19)
92 (31)
62 (38)
1 (50)

13 (81)
204 (69)
101 (62)
1 (50)

p-value
P = 0.004

P = 0.09

P = 0.04

P = 0.71

P < 0.0001

P < 0.0001

P = 0.08

P = 0.12

P = 0.35

p = 0.04

P = 0.89

P = 0.21

*Indication for majority of prior radiation was prostate cancer.
Table 6
Multivariate analysis for predictors of readmission
Effect
WBC trend (stable/decreasing vs. rising)
WBC group (>9k/mm3 vs.≤9k/mm3 )
Diversion (continent vs. incontinent)
Dicharge disposition (other vs. nursing home)
LOS (0–10d vs. >10d)

Hazard ratio

95% Confidence Limits

1.11
2.09
2.50
1.44
4.03

0.66
1.23
1.21
0.61
1.99

discharge strategy and follow-up. The association of
a shortened index length of stay with risk for readmission further asserts that patients may benefit by
being appropriately triaged into higher-risk groups
and subsequently having their index stay prolonged
where appropriate. By using objective risk predictors
like fWBC, the economic burden of frequent hospital

P value
1.89
3.53
5.18
3.41
8.136

0.70
0.006
0.01
0.41
0.0001

readmission after RC on hospital resources may be
diminished.
CONCLUSIONS
In our cohort of patients undergoing RC, fWBC
was associated with increased hospital readmission
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rates. Use of this readily available clinical metric,
combined with an overall clinical assessment, may
afford opportunities to tailor hospital discharge strategies and allow for a more informed triage of RC
patients into appropriate outpatient follow-up algorithms.
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