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Abstract

Background The aim of this study was to evaluate the

impact of Surgical Unit volume on the 30-day reoperation

rate in patients with CRC.

Methods Data were extracted from the regional Hospital

Discharge Dataset and included patients who underwent

elective resection for primary CRC in the Veneto Region

(2005–2013). The primary outcome measure was any

unplanned reoperation performed within 30 days from the

index surgery. Independent variables were: age, gender,

comorbidity, previous abdominal surgery, site and year of

the resection, open/laparoscopic approach and yearly Sur-

gical Unit volume for colorectal resections as a whole, and

in detail for colonic, rectal and laparoscopic resections.

Multilevel multivariate regression analysis was used to

evaluate the impact of variables on the outcome measure.

Results During the study period, 21,797 elective primary

colorectal resections were performed. The 30-day reoper-

ation rate was 5.5 % and was not associated with Surgical

Unit volume. In multivariate multilevel analysis, a statis-

tically significant association was found between 30-day

reoperation rate and rectal resection volume (intermediate-

volume group OR 0.75; 95 % CI 0.56–0.99) and laparo-

scopic approach (high-volume group OR 0.69; 95 % CI

0.51–0.96).

Conclusions While Surgical Unit volume is not a pre-

dictor of 30-day reoperation after CRC resection, it is

associated with an early return to the operating room for

patients operated on for rectal cancer or with a laparoscopic

approach. These findings suggest that quality improvement

programmes or centralization of surgery may only be

required for subgroups of CRC patients.

Keywords Colorectal cancer � Reoperation rate � Surgical

Unit volume

Introduction

Colorectal cancer (CRC) is one of the most common can-

cers worldwide. It is associated with a low rate of post-

operative mortality, but with a high rate of post-operative

morbidity for rectal cancer surgery and for surgery per-

formed in an emergency setting.

The outcomes of CRC vary widely, depending on both the

patients and tumour characteristics, as well as the quality of

treatments administered. There is therefore a growing

interest in indicators that are able to measure the quality of

treatment and factors that can affect such indicators.

The choice of the surgical quality performance indica-

tors varies depending on how frequently is the outcome

observed and how the quality indicator impacts the out-

come and the ease and reliability in measurement of the

indicator [1]. Some quality indicator measures rely on the

long-term outcomes, while others rely on short-term out-

comes. Furthermore, they can be independent or evaluated

within a composite outcome [2, 3].

Among several short-term surgical quality performance

indicators for CRC, the rate of reoperation within 30 days

from the index surgery has been proposed as a reliable
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indicator, and is retrievable from large administrative pop-

ulation-based databases [4–7]. It may be influenced by many

variables, including surgeon and institution volume and

specialization [8], laparoscopic or open approach [9] and the

specific site of the primary tumour [8, 10]. An improved

understanding of the relationship between such variables and

the rate of reoperation may be relevant in comparing per-

formance between providers and consequently in making

decisions at the clinical, managerial and political levels as

well as planning programmes to improve CRC surgery.

The principal aim of this study was therefore to evaluate

the relationship between the rate of surgical reoperations

within 30 days from the index surgery and the Surgical

Unit volume for elective primary CRC in a population-

based setting. A secondary endpoint was to explore the

impact of the volume on the reoperation rate, with specific

attention to subgroups of subjects such as rectal cancer

patients and patients operated on laparoscopically.

Patients and methods

Data source

The Veneto Region is a North-East Italian region with 5

million inhabitants. Health service is provided by regional

administration and includes Surgical Units, all of which are

able to perform any CRC surgical procedure. Only 3.2 %

of residents are operated on outside of the region. More-

over, in the last decade, the regional population aged from

50 to 69 years was increasingly screened for CRC reaching

a maximum level of 81.4 % [11].

The regional Hospital Discharge Dataset was the primary

information source. The form, compiled at discharge, reports

patient demographics, the date of the admission and dis-

charge, the codes of the primary and secondary diagnoses,

the dates and the codes of up to six procedures performed

(both codes being reported according to International Clas-

sification of Diseases 9th Revision Clinical Modification

2007, ICD-9-CM), the American Anaesthesiologist Asso-

ciation (ASA) score and whether the surgical procedure was

performed in an emergent or elective setting. At the time of

the admission, the functional Barthel index [12] is recorded.

Inclusion and exclusion criteria

This study included all resident patients in the Veneto

Region, aged 18 ? years, with a diagnosis of colon (ICD9-

CM 153.x, 230.3) and rectal cancer (ICD9-CM 154.x,

230.4) who underwent primary elective surgery from 1

January 2005 to 31 December 2013. The following ICD9-

CM procedures were included: 45.7x, 45.8, 48.35, 48.49,

48.5, 48.6x, 4594, 4595.

Patients excluded were those who underwent a surgical

procedure for CRC from 2000 to 2004 and those who under-

went surgery in an emergency setting or outside the Veneto

Region. Cases who underwent surgery in Surgical Units per-

forming only a single procedure in a given year were excluded.

Outcome measure

The 30-day reoperation was defined as any unplanned post-

operative procedure including a return in the operating

room or an imaging-guided intervention within 30 days

following the index surgery. These were identified by

analysing codes from the ICD9-CM Classification of Sur-

gical Operations and Procedures version 4 (OPCS-4) [13]

(see ‘‘Appendix’’ section). Interventions performed during

the same day of the index surgery were excluded except

when the reoperation was performed because of abdominal

haemorrhage (ICD9-CM 39.98) or when it was specifically

indicated that it was a relaparotomy (ICD9-CM 54.12);

Reoperations were first classified according to the pro-

cedure performed:

1. Stoma formation and stoma complication.

2. Colorectal resection.

3. Procedures on small bowel or upper gastrointestinal

tract.

4. Procedure for surgical injuries of liver, spleen and

urinary tract.

5. Control of haemorrhage, drainage of abscess, division

of early adhesions, open or laparoscopic control of

intra-abdominal site.

6. Complications of abdominal wound.

7. Other perineal and transrectal procedures.

Then, they were grouped as follows:

a. Any reoperation (1–7 of the previous classification)

b. Abdominal reoperation (1–5 of the previous

classification)

c. Reoperation involving the gastrointestinal tract or the

stoma (both formation and complication) (1–3 of the

previous classification)

Patients with more than one type of reoperation were

counted in each reoperation group.

The primary outcome measure was any post-operative

procedural intervention performed within 30 days after the

colorectal resection (index operation). The secondary out-

come was reoperation involving the gastrointestinal tract or

the stoma.

Independent variables

For each patient, the following independent variables were

recorded: age, gender, non-CRC hospitalizations in the
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year before the index surgery, ASA score, Barthel index,

admission for abdominal surgery during the 3 years prior to

index surgery, site of the colorectal resection, laparoscopy

or open approach, procedure performed before or after the

implementation of the regional screening programme for

CRC, year of the index operation, and number of cases

operated on in each surgical department.

Age was subdivided into five classes: 18–49, 50–59,

60–69, 79–79 and 80?. The number of hospital admissions

due to non-CRC disease during the year before the index

surgery was taken as a rough measure of comorbidity. The

Barthel index, which is a functional score of the activity of

daily living [12] varying between 0 (death) and 100

(complete independence), was subdivided into two cate-

gories: 0–50 and 51–100 with a higher score indicating

higher functional status. Colorectal resections were clas-

sified according to the anatomical part of the large bowel

resected: right colon (from the caecum to the splenic

Table 1 Characteristics of

21,979 patients undergoing

primary colorectal cancer

elective resection, by yearly

Surgical Unit volume (Veneto

Region, 2005–2013)

Variables Total 21,979 n (%) Yearly Surgical Unit volume P value

Low (2–45) Middle (46–68) High (69?)

7568 7209 7202

n (%) n (%) n (%)

Gender

Male 12,695 (57.8) 4415 (58.3) 4099 (56.9) 4181 (58.1) P = 0.158

Female 9284 (42.2) 3153 (41.7) 3110 (43.1) 3021 (41.9)

Age range

18–49 1216 (5.5) 399 (5.3) 407 (5.6) 410 (5.7) P\ 0.001

50–59 3572 (16.3) 1140 (5.1) 1167 (16.2) 1265 (17.6)

60–69 6519 (29.7) 2149 (28.4) 2089 (29.0) 2281 (31.7)

70–79 6889 (31.3) 2513 (33.2) 2223 (30.8) 2153 (29.9)

80? 3783 (17.2) 1367 (18.1) 1323 (18.4) 1093 (15.2)

Admissions during the prior year

0 15,845 (72.1) 5449 (72.0) 5198 (72.1) 5198 (72.2) P = 0.059

1 4485 (20.4) 1509 (19.9) 1466 (20.3) 1510 (21.0)

2? 1649 (07.5) 610 (8.1) 545 (7.6) 494 (6.9)

ASA Score

ASA 1 or 2 9706 (44.2) 3624 (47.9) 3005 (41.7) 3077 (42.7) P\ 0.001

ASA 3? 4326 (19.7) 1505 (19.9) 1473 (20.4) 1348 (18.7)

Missing 7947 (36.1) 2439 (32.2) 2731 (37.9) 2777 (38.6)

Barthel index at the admission

51–100 5318 (24.2) 1927 (25.5) 1726 (23.9) 1665 (23.1) P\ 0.001

0–50 13,549 (61.6) 4690 (62.0) 4827 (67.0) 4032 (56.0)

Missing 3112 (14.2) 951 (12.6) 656 (9.1) 1505 (20.9)

Previous abdominal operations

No 20,476 (93.2) 7004 (92.5) 6738 (93.5) 6734 (93.5) P = 0.033

Yes 1503 (06.8) 564 (7.5) 471 (6.5) 468 (6.5)

Resection site

Right colon 7327 (33.3) 2505 (33.1) 2442 (33.9) 2380 (33.0) P\ 0.001

Left colon 5519 (25.1) 1951 (25.8) 1701 (23.6) 1867 (25.9)

Rectum 8356 (38.1) 2825 (37.3) 2807 (38.9) 2724 (37.8)

Other 777 (03.5) 287 (3.8) 259 (3.6) 231 (3.2)

Index operation year

2005–2007 7450 (33.9) 2808 (37.1) 1950 (27.0 2692 (37.4) P\ 0.001

2008–2009 5187 (23.6) 1595 (21.1) 1485 (20.6) 2107 (29.3)

2010–2011 4846 (22.0) 1633 (21.6) 1826 (25.3) 1387 (19.3)

2012–2013 4496 (20.5) 1532 (20.2) 1948 (27.0) 1016 (14.1)

Surgical approach

Open 14,133 (64.3) 5119 (67.6) 4120 (57.2) 4894 (68.0) P\ 0.001

Laparoscopic 7846 (35.7) 2449 (32.4) 3089 (42.8) 2308 (32.0)

Tech Coloproctol (2016) 20:31–40 33

123



flexure), left colon (from the descending colon to the recto-

sigmoid junction), rectum and other (tumour requiring a

total colectomy or proctocolectomy or an unspecified

segmental resection). The year of the procedure was sub-

divided by year classes: 2005–2007, 2008–2009,

2010–2011 and 2012–2013.

As reported by Burns et al. [5], the yearly base caseload

of each Surgical Unit was calculated for each year. Then

colorectal resections as a whole and in detail colonic, rectal

and laparoscopic resection caseloads were divided into

tertiles to define high, intermediate and low volumes. In

this way, each Surgical Unit was allowed to be assigned to

different tertiles in different years.

Statistical analysis

The study design was an observational, retrospective, popula-

tion-based study. Demographic, clinical and surgical risk fac-

tors for reoperation were tested using univariate and

multivariate logistic regression. To take into account the hier-

archical structure of the data, a multilevel multivariate logistical

regression was implemented as well (first level: patient, second

level: Surgical Unit), thus considering the autocorrelation

among outcomes of patients treated in the same Surgical Unit.

Results

Relationship between patients/procedures

and hospital volume

During the study period, a total of 21,797 elective col-

orectal resections for primary colorectal cancer were per-

formed. The characteristics of patients and the surgical

procedures, and their relationship with overall surgical

volume of colorectal resections are summarized in Table 1.

Patients older than 70 years were more likely to undergo

surgery in the intermediate-/low-volume groups compared

with the high-volume group (P = 0.001). Looking at the

patient’s comorbidity and functional status, there was an

inverse association between hospital volume and comorbid

conditions and functional status [number of hospital

admissions during the prior year (P\ 0.001), ASA score

(P\ 0.001) and Barthel index (P\ 0.001)]. Additionally,

a higher rate of patients in the low-volume group (7.5 %)

had undergone previous abdominal operation than those in

the intermediate-/high-volume group (6.5 % each)

(P = 0.033). According to the anatomical site of resection,

the distribution of colorectal resection between volume

groups was significantly different (P\ 0.001); rectal

resection was more often performed in the intermediate-

volume units (38.9 %) than in the high-volume (37.8 %) or

in the low-volume groups (37.1 %).

Overall, a gradual decrease in colorectal resections was

found after 2007, and the reduction in colorectal resections

was more evident in the high-volume group compared to

the intermediate-/low-volume group.

The laparoscopic approach was used in 35.7 % of cases. It

was used more often in the intermediate than in low- or high-

volume units (P\ 0.001), and it gradually increased over

time, from 27.6 % in 2005 to the 46.5 % in 2013 (Fig. 1).

Reoperations

The distribution of reoperations and the relationship

between the type of reoperation and the Surgical Unit

volume are summarized in Table 2. The reoperation per-

centage in the entire study group was 5.47 %. In these

patients, a total of 1666 surgical procedures were

Fig. 1 Variation over time in rate of elective open and laparoscopic

resections for primary colon (a) and rectal (b) cancer (Veneto Region,

2005–2013)
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performed, as some patients underwent more than one reop-

eration. While the overall and abdominal reoperation rates

were not found to be significantly different when comparing

the three Surgical Unit volume groups, a statistically signifi-

cant difference was found in the group containing reopera-

tions related to the stoma creation or complication, colorectal

resection and small bowel or upper gastrointestinal tract

procedures. The rate of reoperation in this subgroup was 3.79,

3.11 and 2.97 % (P = 0.01) in the low-, intermediate- and

high-volume groups, respectively.

Risk factors for reoperation

In this analysis, ASA score and Barthel index were not

included due to a high rate of missing data. The impact of

variables on all reoperations is summarized in Table 3.

In the multivariate multilevel analysis, the risk of

reoperation was found to be reduced in female gender (OR

0.64, CI 0.56–0.73). There was a decreased risk of reop-

eration in patients aged 60–69. Admission during the year

prior to surgery or abdominal operation in the 3 years

before the index surgery conferred a higher risk of reop-

eration. The laparoscopic approach was also a risk factor

for reoperation (OR 1.16, CI 1.01–1.33). Comparing with

low Surgical Unit volume group, reoperation risk was

reduced both in the intermediate- and in the high-volume

groups; these results do not reach statistical significance.

Subgroup analysis

In the multivariate logistic analysis, an inverse correlation was

found between risk of reoperation and Surgical Unit volume

(Table 4). However, in multilevel logistic analysis, the sta-

tistical significance was reached only for any reoperation in

patients who underwent rectal resection (intermediate-vol-

ume group OR 0.75, CI 0.56–0.99) and in patients who

underwent a laparoscopic approach (high-volume group OR

0.69, CI 0.51–0.96). When the outcome measure was nar-

rowed to reoperation involving GI tract or stoma, a statistically

significant association between volume and outcome was

found only for patients who underwent a laparoscopic

approach (high-volume group OR 0.66, CI 0.44–0.99).

Discussion

Quality performance indicators are increasing required

because they may help improve quality of surgery and

consequently oncological and patient-reported outcomes.

Furthermore, with respect to CRC surgery, centralization

of specific surgical procedures has been associated with

improved outcome [14].

In this study, we evaluated whether Surgical Unit volume

had an impact on the 30-day reoperation rate for elective

CRC resection. This evaluation was performed in the entire

study group and in subgroups of patients, specifically those

who underwent colon resections, rectal resections and

laparoscopic procedures. Among 21,979 patients fulfilling

the entry criteria of the study, the rate reoperation was 5.5 %.

While a pattern towards an association between the Surgical

Unit volume and reoperation was found for CRC resections

as a whole, statistical significance in favour of intermediate-

and/or high-volume groups was reached only for rectal and

laparoscopic resections.

Table 2 Type of reoperation and relationship with the Surgical Unit volume in 21,979 primary colorectal cancer elective resections (Veneto

Region, 2005–2013)

Total

21,979

n (%)

Yearly Surgical Unit volume

Low

(2–45)

Middle

(46–68)

High

(69?)

P value

7568

n (%)

7209

n (%)

7202

n (%)

Any reoperation (1–7) 1202 (5.47) 433 (5.72) 401 (5.65) 368 (5.03) P = 0.24

Abdominal procedures (1–5) 1103 (5.02) 398 (5.26) 365 (5.14) 340 (4.65) P = 0.32

Procedures on GI tract or stoma (1–3) 725 (3.30) 287 (3.79) 221 (3.11) 217 (2.97) P = 0.01

1. Stoma formation or complication 499 (2.27) 200 (2.64) 148 (2.0) 151 (2.07) P = 0.03

2. Colorectal resection 310 (1.4) 119 (1.57) 115 (1.6) 76 (1.04) P\ 0.01

3. Small bowel or UGI tract 88 (0.40) 32 (0.42) 32 (0.4) 24 (0.33) P = 0.53

4. Liver, spleen, urinary tract 29 (0.1) 7 (0.09) 11 (0.1) 11 (0.15) P = 0.50

5. Control of haemorrhage, drainage of abscess, division of early adhesions,

laparotomy or laparoscopic control of intra-abdominal site

617 (2.81) 194 (2.56) 206 (2.90) 217 (2.97) P = 0.24

6. Abdominal wound complication 97 (0.44) 39 (0.52) 35 (0.49) 23 (0.31) P = 0.15

7. Perineal or transanal procedure 26 (0.12) 7 (0.09) 10 (0.14) 9 (0.12) P = 0.70

GI gastrointestinal, UGI upper gastrointestinal
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In comparing our findings with similar studies in this

field, certain characteristics of the study population as well

as of the statistical analyses performed should be consid-

ered. In the Veneto Region, during 2013, the number of

Surgical Units was quite high (more than one for every

100,000 habitants), and all of them were able to perform

any CRC procedure. In addition, since 2002, a large

number of 50- to 69-year-old residents have participated in

a regional CRC screening programme. This situation likely

explains the reduced number of patients who underwent a

CRC resection after 2007 [15].

Our reoperation rate is comparable with the 5.9 %

reported in the UK [5] and with the 5.8 % reported in the

USA [6]. As in other studies [6], female gender was asso-

ciated with a lower reoperation risk. In contrast, comorbidity

and previous abdominal interventions were associated with a

higher risk, while ageing was not, perhaps reflecting a

careful patient selection by surgeons in taking older patients

back to the operating room after primary surgery [5, 8].

Our findings are also in agreement with others [5] who

found that surgery for rectal cancer is a significant risk

factor for reoperation, as it is for other short-term outcome

Table 3 Risk factors for

30-day reoperation (any

reoperation) in 21,979 primary

colorectal cancer elective

resections (Veneto Region,

2005–2013)

N Univariate Multivariate multilevel**

OR (95 % CI) OR (95 % CI)

Gender

Male 12,695 1.00 1.00

Female 9284 0.64 (0.57–0.73) 0.64 (0.56–0.73)

Age range

18–49 1216 1.00 1.00

50–59 3572 0.84 (0.64–1.10) 0.86 (0.65–1.13)

60–69 6519 0.77 (0.60–0.99) 0.76 (0.59–0.99)

70–79 6889 0.82 (0.64–1.06) 0.80 (0.62–1.03)

80? 3783 0.97 (0.75–1.26) 0.97 (0.74–1.28)

Admissions during the prior year

0 15,845 1.00 1.00

1 4485 1.22 (1.06–1.40) 1.18 (1.02–1.37)

2? 1649 1.39 (1.14–1.70) 1.30 (1.04–1.61)

Previous abdominal operations

No 20,476 1.00 1.00

Yes 1503 1.41 (1.15–1.73) 1.30 (1.05–1.63)

Resection site

Right colon 7327 1.00 1.00

Left colon 5519 0.89 (0.75–1.05) 0.89 (0.75–1.05)

Rectum 8356 1.38 (1.21–1.59) 1.42 (1.24–1.64)

Other 777 1.31 (0.96–1.78) 1.27 (0.93–1.73)

Surgical approach

Open 14,133 1.00 1.00

Laparoscopic 7846 1.11 (0.99–1.26) 1.16 (1.01–1.33)

Index operation year

2005–2007 7450 1.00 1.00

2008–2009 5187 1.03 (0.88–1.21) 1.04 (0.89–1.23)

2010–2011 4846 1.13 (0.96–1.32) 1.14 (0.97–1.34)

2012–2013 4496 1.16 (0.98–1.369) 1.14 (0.96–1.34)

Yearly Surgical Unit yearly volume for primary colorectal cancer elective resections

Low (2–45) 7568 1.00 1.00

Middle (46–68) 7209 0.97 (0.84–1.12) 0.95 (0.80–1.13)

High (69 ?) 7202 0.89 (0.77–1.02) 0.88 (0.72–1.08)

Univariate and multilevel multivariate analyses

OR odd ratio, CI confidence interval

** First level: colorectal resection, second level: Surgical Unit
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such as anastomotic leak rate [8, 16–19]. Moreover, our

study brings some evidence that an association exists

between Surgical Unit volume and reoperation in elective

CRC resections, especially for rectal resection. Worse

results were observed in Surgical Units performing no

more than one rectal resection per month (Table 4). This is

not surprising because rectal cancer is treated with different

approaches than colon cancer, requires a multidisciplinary

team and is technically demanding.

Most studies focus on the individual surgeon rather than on

the hospital volume and have shown a reduction in risk of

anastomotic leak [8, 17] or overall tendency for reduction in

reoperation [5] when a CRC resection is performed by a high-

volume surgeon. After adjustment for surgeon volume, the

effect of hospital volume is generally less evident; however,

an association between hospital volume and anastomotic leak

after rectal resection has been described [8, 17, 20, 21].

Laparoscopic CRC resection rate increased over time as

shown in Fig. 1, and during 2013, the ratio between laparo-

scopic and open procedures was approaching the 1:1. These

figures are comparable to other recent series from the UK

(47.4 %) [22] and the USA (41.0 %) [23]. In our study, the

laparoscopic approach was associated with a

detectable increase in reoperation rate (Table 3); learning

curve in laparoscopic colorectal surgery at the individual and at

the Surgical Unit level could be helpful in interpreting these

data. The potential role for laparoscopic approach as a specific

risk factor has been already described in many observational

studies [5, 7, 24–26]. However, in a systematic Cochrane

review comparing the laparoscopic with the open approach,

significantly better short-term outcomes were reported in

favour of the laparoscopic approach [27]. A plausible expla-

nation of this discrepancy is that the surgeons involved in the

clinical trials perform more laparoscopic procedures, while

population-based studies include surgeons with less experience

and worse equipment. Comparable results have been reported

in recently published studies from the UK [9] and USA [28].

This study contains the expected limitations for studies

based upon a Hospital Discharge Database. The most

common are possible discrepancy between hospital dis-

charge data and surgical charts, and a poor description of

important factors affecting the outcomes, such as the stage

of the disease and the detailed description of comorbid

conditions and complications; for example, a high tumour

stage may well be a reason to be operated in a higher-

volume unit and is also an well-known risk factor for

Table 4 Relationship between Surgical Unit volume and risk of reoperation in 21,979 elective primary colorectal cancer resections (Veneto

Region, 2005–2013)

Resections/year n Any operation Large, small bowel, upper gi tract,

stoma formation or complication

Multivariate Multivariate multilevel Multivariate Multivariate multilevel

% OR (95 % CI) OR (95 % CI) % OR (95 % CI) OR (95 % CI)

Colorectal 21,979

1st Tertile (2–50) 7568 5.7 1.00 1.00 3.8 1.00 1.00

2nd Tertile (51–83) 7209 5.6 0.94 (0.81–1.08) 0.95 (0.80–1.13) 3.3 0.84 (0.70–1.00) 0.90 (0.73–1.11)

3rd Tertile (?84) 7202 5.1 0.90 (0.78–1.04) 0.88 (0.72–1.08) 2.8 0.74 (0.61–0.89) 0.82 (0.64–1.05)

Colonic only 17,083

1st Tertile (1–38) 5804 5.0 1.00 1.00 3.1 1.00 1.00

2nd Tertile (39–65) 5722 5.3 1.06 (0.89–1.25) 1.02 (0.84–1.24) 3.1 1.01 (0.81–1.24) 1.01 (0.79–1.27)

3rd Tertile (?66) 5557 4.1 0.82 (0.69–0.98) 0.86 (0.68–1.07) 2.3 0.75 (0.59–0.94) 0.82 (0.62–1.08)

Rectal only 4899

1st Tertile (–12) 1815 9.1 1.00 1.00 6.2 1.00 1.00

2nd Tertile (13–44) 1472 6.9 0.73 (0.56–0.95) 0.75 (0.56–0.99) 4.8 0.74 (0.54–1.01) 0.81 (0.57–1.16)

3rd Tertile (?45) 1609 7.6 0.82 (0.64–1.05) 0.81 (0.59–1.13) 3.9 0.60 (0.43–0.82) 0.72 (0.46–1.11)

Laparoscopic only 7848

1st Tertile (1–28) 2634 6.9 1.00 1.00 4.6 1.00 1.00

2nd Tertile (29–44) 2660 5.6 0.79 (0.63–1.00) 0.81 (0.62–1.05) 3.5 0.79 (0.60–1.05) 0.86 (0.62–1.19)

3rd Tertile (?45) 2552 5.0 0.68 (0.54–0.87) 0.69 (0.51–0.96) 2.8 0.58 (0.43–0.79) 0.66 (0.44–0.99)

Multivariate* and multilevel multivariate analysis**

GI gastrointestinal, OR odd ratio, CI confidence interval

* Adjusted for sex, age range, admissions in the prior year, previous abdominal operations, anatomical site of colorectal resection, year of the

index operation (four levels) and surgical approach (excluding the yearly volume of laparoscopic resections only)

** First level: colorectal resection; second level: Surgical Unit

Tech Coloproctol (2016) 20:31–40 37

123



surgical complications. A further limitation is found the

current ICD-9 CM 2007 Italian Handbook, which poorly

describes conversion from laparoscopic to open surgery,

allowing only an intention-to-treat analysis. Moreover,

unlike others European countries, validation studies com-

paring hospital discharge data and clinical record have not

yet been performed in Italy [29–31], nor does discharge

record permit identification of the surgeon who performed

each operation. [8, 10, 16–19].

The current study was focused on a single short-out-

come measure, the 30-day reoperation rate, whereas other

outcomes have been proposed [32, 33]. We used the 30-day

post-operative reoperation rate because this outcome is

retrievable from large administrative databases, is clini-

cally relevant, and is associated with a higher risk of post-

operative mortality and prolonged hospital stay [6, 34].

Post-operative mortality as a single measure of short-term

outcome has been criticized because of a lack of sensitivity

due to the low rate of post-operative mortality in CRC

surgery [1] and because it is influenced not only by the

surgery per se, but also by patient-related factors such as

age and comorbidities and by surgical decision-making

[28, 35]. The use of composite outcomes has also been

suggested [2, 3, 33, 36] and may be an appealing method

for measuring surgical quality performance.

To our knowledge, this is the first Italian study of 30-day

reoperation rate following CRC resection implemented

through a large Hospital Discharge Dataset.

In conclusion, our findings do not support the point of

view of those who suggest indiscriminate centralization of

all surgical procedures for CRC.

However, reoperation rate after rectal cancer surgery

and laparoscopic resection show a clear association with

Surgical Unit volume, suggesting that action is indicated in

these subgroups of CRC patients. Quality of surgery can be

improved through a range of interventions: supervision,

teaching, accreditation or centralization [37–39].
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Appendix

See Table 5.

Table 5 ICD9-CM codes identifying reoperations and imaging-guided interventions requiring access to the operating room after colorectal

resection

Reoperation ICD9-CM codes

1. Stoma formation or complication 46.01, 46.02, 46.03, 46.10, 46.11, 46.13, 46.14, 46.20, 46.21, 46.22,

46.23, 46.24, 46.31, 46.39, 46.40, 46.41, 46.42, 46.43, 48.1, 89.33,

96.28

2. Colorectal resection 45.03, 45.26, 45.27, 45.41, 45.49, 45.52, 45.71, 45.72, 45.73, 45.74,

45.75, 45.76, 45.79, 45.8, 45.90, 45.92, 45.93, 45.94, 45.95, 46.04,

46.60, 46.63, 46.64, 46.75, 46.76, 46.79, 46.82, 46.94, 46.99, 48.0,

48.25, 48.49, 48.5, 48.62, 48.63, 48.65, 48.69, 48.71, 48.73, 48.74,

48.75, 48.76, 48.79, 49.6, 57.83, 70.72, 70.73, 70.74

3. Intervention in small bowel or upper gastrointestinal tract 43.0, 43.42, 43.49, 43.6, 43.89, 44.40, 44.41, 44.42, 44.49, 44.5, 44.61,

44.69, 44.99, 45.01, 45.02, 45.15, 45.31, 45.32, 45.33, 45.34, 45.61,

45.62, 45.63, 45.91, 46.71, 46.72, 46.73, 46.74, 46.81, 46.93

4. Intervention on liver, spleen, or urinary tract 41.43, 41.5, 41.95, 41.99, 50.61, 51.22, 51.23, 51.91, 51.93, 55.02,

55.03, 55.39, 55.4, 55.51, 55.52, 55.54, 55.81, 55.89, 55.93, 55.94,

55.99, 56.41, 56.51, 56.52, 56.61, 56.62, 56.71, 56.72, 56.74, 56.75,

56.79, 56.82, 56.84, 56.89, 56.99, 57.59, 57.6, 57.81

5. Control of haemorrhage, drainage of abscess, division of early

adhesions, laparotomy or laparoscopic control of intra-abdominal

site

39.98, 46.80, 54.11, 54.12, 54.19, 54.21, 54.23, 54.25, 54.4, 54.51,

54.59, 54.64, 54.73, 54.74, 54.75, 54.91, 54.92, 54.95, 59.00, 59.02,

59.03, 59.11, 59.12, 65.81, 65.89

6. Abdominal wound complication 53.41, 53.49, 53.51, 53.59, 53.61, 53.69, 54.3, 54.61, 54.62, 54.63,

54.72, 86.04, 86.05, 86.09, 86.22, 86.28, 86.3, 86.4, 86.99

7. Perineal or transanal procedure 48.31, 48.35, 48.41, 48.81, 48.82, 48.91, 48.93, 48.99, 49.01, 49.02,

49.04, 49.11, 49.12, 49.22, 49.23, 49.29, 49.31, 49.39, 49.71, 49.79,

49.99, 70.12, 71.09, 71.3
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