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ABSTRACT

BACKGROUND

Obesity is an increasing problem worldwide that can influence perioperative and post-
operative outcomes. However, the relationship between obesity and treatment-related
perioperative and short-term postoperative morbidity after colorectal resections is still

subject to debate.

STUDY

Patients were selected from the DCRA, a population-based audit including 83 hospitals
performing colorectal cancer (CRC) surgery. Data regarding primary resections between
2009 and 2016 were eligible for analyses. Patients were subdivided into six categories:

underweight, normal weight, overweight and obesity class |, Il and IIl.

RESULTS
Of 71,084 patients, 17.7% with colon and 16.4% with rectal cancer were categorized as

obese. Significant differences were found for the 30-day overall postoperative complica-
tion rate (p < 0.001), prolonged hospitalization (p < 0.001) and readmission rate (colon
cancer p < 0.005; rectal cancer p < 0.002) in obese CRC patients. Multivariate analysis
identified BMI 30 kg/m2 as independent predictor of a complicated postoperative
course in CRC patients. Furthermore, obesity-related comorbidities were associated
with higher postoperative morbidity, prolonged hospitalization and a higher readmis-
sion rate. No significant differences in performance were observed in postoperative
outcomes of morbidly obese CRC patients between hospitals performing bariatric

surgery and hospitals that did not.

CONCLUSION

The real-life data analysed in this study reflect daily practice in the Netherlands and
identify obesity as a significant risk factor in CRC patients. Obesity-related comorbidi-
ties were associated with higher postoperative morbidity, prolonged hospitalization
and a higher readmission rate in obese CRC patients. No differences were observed

between hospitals performing bariatric surgery and hospitals that did not.
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INTRODUCTION

The World Health Organization (WHO) has recognized obesity as a pandemic disease
that contributes to rising healthcare costs worldwide."?. Up to one-third of the Western

population is currently overweight or obese.*

Not only is obesity considered to be of growing concern in the aetiology of colorectal
cancer (CRC), but there is also a rising awareness of possible treatment-related mor-
bidity and mortality after colorectal resections in obese patients.®” One study, which
included almost 12,000 rectal cancer patients, showed a significant association between
obesity and postoperative morbidity.> However, findings in the international literature

are often contradictive and inconclusive, due to limited study populations.” "

The aim of this population-based study was to evaluate the influence of obesity on
perioperative and short-term postoperative outcomes in patients surgically treated for
primary CRC in a nationwide registry. In addition, hospitals performing both bariatric
and colorectal surgery and those performing only colorectal surgery were compared to
test a possible association between surgical experience with obese patients and the

outcomes of these CRC patients.

MATERIAL AND METHODS

DATA SOURCE

Data were derived from the Dutch ColoRectal Audit (DCRA), formerly known as the
Dutch Surgical Colorectal Audit (DSCA). The DCRA collects information on patients,
tumours, treatment, perioperative and short-term outcome characteristics (<30 days) of
all patients undergoing surgical resection for primary CRC in the Netherlands.®

PATIENT SELECTION

For this study, no ethical approval or informed consent was required under Dutch law.
All patients registered in the DCRA undergoing primary colorectal tumour resection
between 1 January 2009 and 31 December 2016, were evaluated. Minimal data require-
ments were date of birth, body mass index (BMI), date of operation, type of surgery,
tumour specifications and 30-day morbidity. All patients were examined preoperatively
by an anaesthesiologist no more than 2 working days before the elective operation.
Body weight and height were measured by the anaesthetist as standard procedure by

all elective operations.
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In addition to demographics and the American Society of Anesthesiologists (ASA)
classification "', an extensive set of comorbidities were registered in the DCRA. The

Charlson Comorbidity Index (CCI) '? was used as a composite comorbidity score." ™

OUTCOME PARAMETERS

The primary endpoint of this study was a severe adverse postoperative event captured
by a composite measure: complicated postoperative course. A complicated postop-
erative course was defined as prolonged hospitalization (>14 days postoperative) or
Clavien-Dindo Classification of Surgical Complications (CD) grade Il or higher.”® It
includes complications requiring surgical, endoscopic and/or radiological interventions
(CD grade lll), life-threatening complications requiring admission to an intensive care
unit (CD grade IV) or death (CD grade V)."

Secondary endpoints included any perioperative and postoperative complications,
defined as a surgical or non-surgical complication occurring within 30 days after the
primary resection, not classified as CD grade Il or higher. In the DCRA, perioperative
complications, postoperative complications, wound infections, wound dehiscence and
intra-abdominal complications, such as postoperative bleeding, ileus, infection, ab-
scess or anastomotic leakage, were registered when a re-intervention was performed.
Non-surgical complications were defined as cardiac, thromboembolic, pulmonary,

infectious, neurological or other.

STATISTICAL ANALYSIS

Patients were subdivided into different weight categories, as defined by the World
Health Organization: underweight (BMI < 18.5 kg/m?, normal weight (BMI 18.5 — 24.9
kg/mz), overweight (BMI 25.0 - 29.9 kg/mz), obesity class | (BMI 29.9 - 34.9 kg/mz), obe-
sity class Il (BMI 35.0 — 39.9 kg/m?), obesity class Il (BMI = 40.0 kg/m?)."

Differences in patient and treatment characteristics for the different weight categories
were assessed using Mann-Whitney U test for categorical variables and an independent
sample t-test for continuous variables. Obese patients (BMI = 30.0 kg/m? were com-
pared with normal-weight patients (BMI 18.5 — 24.9 kg/m?).

To evaluate hospital outcomes, a multivariate logistic regression was performed. The
regression included gender, age, comorbidity-related scores (CCl score, ASA score),
tumour location, pathological tumour stage, surgery setting (elective or urgent/

emergency), preoperative tumour complications, additional resection due to tumour
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invasion or to metastases as single factors. The variable BMI has been left out of the

standard case-mix correction.®

The risk of postoperative complication was calculated using multivariate logistic re-
gression analysis. Comorbidity-related scores and BMI were entered in the multivariate
analysis to evaluate the effects of obesity and its associated comorbidities on postop-
erative outcome. Next to the p-values calculated with the Mann-Whitney U test, are the
odds ratios (OR) stated. An OR is a measure of association between an exposure and

an outcome.®

Comparisons were made between hospitals performing both bariatric and colorectal
surgery and those performing only colorectal surgery. Analyses were performed to
identify whether obese patients with CRC were more frequently referred to hospitals
performing bariatric surgery and if patients were equally distributed (with regard to

patient characteristics) among both types of hospitals.

R version 3.4.2 was used for statistical analysis in combination with the “Companion to
Applied Regression”- package (car 2.1-5), “A Grammar of Data Manipulation”-package
(dplyr 0.7.4), "Data Visualization for Statistics”-package (sjmisc 2.6.2) and “Labelled
Data Utility Functions”-package (sjlabelled 1.0.4).

RESULTS

BASELINE CHARACTERISTICS

A total of 83 participating hospitals entered 77,819 unique patient records, including
55,892 (71.8%) colon cancer and 21,595 (27.8%) rectal cancer patients. The 332 (0.4%)
patients with an unknown tumour, were excluded. In total, 50,876 (91.0%) colon cancer
and 20,208 (93.6%) rectal cancer patients for whom a computable preoperative BMI
could be calculated, were eligible for final analysis. Table 1a and Table 1b show the
baseline characteristics of CRC patients in the different weight categories, during the
study period (2009 - 2016).

OBESE COLON CANCER (OCC) PATIENTS

Of the 50,876 colon cancer patients, 9016 (17.7%) patients were obese as shown in
Table 1a. OCC patients were significantly younger (mean 69.4 years; SD = 9.9, p <
0.001) compared with normal-weight colon cancer (NCC) patients (mean 70.5 years; SD
+11.5, p < 0.001) and overweight colon cancer patients (mean 70.6 years; SD + 10.2, p
< 0.001) (Table 1a).
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This group also had a higher ASA-score and were associated with more preoperative
comorbidities (OCC 87.3% vs NCC 71.6%, p < 0.001). In particular, cardiac, vascular,
diabetes, and pulmonary comorbidities were recorded significantly more frequently
(Fig. 1). Colon tumours were seen significantly more in the right colon and had a
significantly lower pathological and clinical tumour stage. OCC patients were mostly
operated using a laparoscopic approach (OCC 61.8% [5575 of 9016] versus NCC 54.0%
[11,206 of 20,755], p < 0.001), but less frequently underwent an emergency procedure
(OCC 10.6% [957 of 9016], NCC 18.3% [3807 of 20,755], p < 0.001). In 11.0% of OCC and
5.8% of NCC patients, a laparoscopic conversion was needed. Furthermore, more peri-
operative complications were seen in the OCC group (p % 0.011), but for the specific
complications bleeding, bowel injury, ureter/urethral and bladder injury, no significant

differences were observed.

100%
80%—
60% —|
40%

20% —

Percentage of patients affected (%)

0% —

[ ) > > € D @ S S S D> D © D @ & N

\\a’b\ & & & g S S @\'}\ & ¥ POFa g g S P
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Colon cancer patients Rectal cancer patients

18.5 - 24.9 kg/m?
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Figure 1: The distribution of colorectal cancer patients their preoperative registered comorbidities by
BMI-category. Abbreviations: BMI, body mass index; %, percentage.

In total, 33.1% (n = 2984) of the OCC patients developed a postoperative complication
compared with 28.4% (n = 5898) of the NCC patients. Significant differences in surgi-
cal complications (p < 0.001) and pulmonary complications (p < 0.001) were seen in
the OCC group. Furthermore, significant differences were observed in postoperative
re-interventions performed for anastomotic leakage (p < 0.014) and for severe compli-
cated course in the OCC group (p < 0.001). The higher number of total postoperative
and surgical complications in combination with a higher CD grade and prolonged
hospitalization resulted in more OCC patients with a severe complicated postoperative
course. Regarding the percentage of mortality (CD grade V), a slight but significant
difference was seen in favour of the OCC group: 3.0% [269 of 9016] versus 3.2% [669 of
20,755] in the NCC group (p < 0.001).

123



L1100 GGl 086 vly €29C vly €29C 71E OvE'9 wo OL-G

21 79l 698 Sov Lyl'e €Ly /8lC 92 06C'S wo 6> ab1an [eue souessiq
salisieloedeyd Jnownj

100°0> 98l €Ll LOv Shr'e €6E 96£'C 0 9609 SOA Kioasyy [eoibins jeuiwiopqy

- - - - - - - L0 0SL /B 00y =

- - - - - - - v'Z 88y /6% 6°6€ —0'GE

- - - - - - - €el 89T /6% 67E = 0'0€

- - - - - - - Sly LL€'8 /B 662 - 05T

- - - - - - - Sor 98L'8 /B 697 -G8l xsput ssew Apog

100°0> €6l /S8 0Cr 998'L L'/e 99l 0z ovr'y [AS

L00°0> &6l (28 o€y /8L 9'GE 671 90z 8S5L'Y ! 21025 uos|iey)

9700 Syl 2 9€e 1§ 187 vL 80 ¢S5l A=Al

100'0> €Ye S6L 7'6€ 062’1 9ve ZEL'L 9L vLT'e Il

100'0> 67l 86Y'T 617 6669 9Ly L1569 128 €LL9L -1 91005 YSY

L00'0> €Ll 082 L'ly 020'L Loy evLL €L 18Y'T sieak 0g =

880°0 S9L 8eO'L 7Ty €99'C 8'6€ 00S'C L'LE 9829 s1eak 08 — 0/

100°0> S8l 86C'L vy 196 LLE €97 9ve 100'L s1eak o/ - 09

100°0> 8GL 00/ 6'8€ ST/l 0€r €06'L 61T 62r'y s1eak 09 > aby

100'0> €8l /SE'L SYE 095'C Sty SOE'E L9¢ 92Y'L sjeway Jepuen
son3sialdeIRYD JUSlled

100°0> v'9L Cee'e Sy L/€8 Sor 981’8 000l 80C'0C syuaned Jedued |epdal jo JaquinN

anjea-d % N % N % N % N

/B3 00 < /BN 662 -0GC  W/BAE Y- G8L
AisaqQ wBramiang yBiem jewoN |eioL

Chapter 7

"9102s sl s1s1B60j0IsayIsauy Jo A18100G UedLIBWY "YSY :SUoeIAeIqqy sen|eA abejusdiad mol ale sanjea usalb ‘senjea
abejusdiad uwn|od aie sanjen pai Aeis |eudsoy pabuojoid Yum pauiquiod ||| 8peif UONEDLISSE|D OPUIJ-USIAR| Dy A SPBID UOIEDNISSE|D OpUIJ-USIAR|D) SB
umoys si A1|eLIO|Al, (pusben ‘suonedijdwod aaiesadolsod yum pauiquiod syusied Jedued [e1oal JO SD1Isiiloeleyd JusWleal] pue JInowny ‘qusiied :q| ojqeL

124



Obesity as a determinant of perioperative and postoperative outcome

125

8990 L9L 18/ 0Ty 296'L 8'6E 098'L L'€Z S/9'% INd

6720 79l S0L'C 'l 80E'S 80V 6vC'S L€9 698'CL oNd uoneaiissed N [ev16ojoyied
LLZ°0 'Sl 892 &l TvL 60V 2L 88 69/'L umouwyuny/x | d(A)

100'0> eeL 9l ve €t 8y SSv L'V w6 71 d(K)

5080 €91 pESL vl €88'c 90 ¥18'e S9F 68E'6 €.1d(A)

1000 Tl 8L0'L &l 029'C L'6€ 18V'C 608 2529 ZLd(k)

Z100 0/l 9lE 9eh 608 v'8E TlL 6 ¥S8'L 1-0Ld(A) uonesyisse | ed16ojoyred
z1z20 &Yl 952 vy L ey SeL 58 9LLL umMoUUN/XN>

€90 99l €9 80v SS9l 60 099'L 1’0z 650 N2

¥29°0 991 050'L &l 99T 8'6€ GlS'T 71E YLE9 LND

€760 G9L €ve'L vy G9¢'e Sov 98z'c or 6LL'8 ON? isse N [edlul|D
££6°0 86l 2 S'ly /8 Ol 08§ 0L YL umouNuN/X |

100°0> Syl 62 TSE 919 99 968 G6 €26l 712

8910 €9l T8l 9Ly 9Ly 90 9597 L9S 29%'LL €Lo

100°0> v/l 828 v'Er 990'C 1'8E Z18'L 9€C 09L' AR

7700 €8l 6Ll g€y ¥8Z €8 TWe e 679 e uonesiyisse|d | [ea1ul|D
100°0> L'LL b6 Yo Cve 9GSy 98¢ v 9v8 Yo

100°0> 89l 8l AT AN €75 95 S0 L0l $5905Qy

100°0> v'e S EvE 961 1’25 86 87 /S sna|l/uononAsqO

€150 LTy LOY 166 Zor 86 L'zl 8pr'e Buipas|g suoned)|dwod inowiny eijesadoald
100°0> T/l 08E'L LTy €Ev'e 68 9zl'e 8'6€ 0V0'8 wo Q1=

enjea-d % N % N % N % N

/B3 00 < /BN 66z -0GC  W/BA6HZ—G8L
Auseqo wBramiang yBiom jewoN |elol

(PenuUOD) "2102s sl s)sIBOjOISaYISaUY JO A18100S UBdLIBWY "YSY :SUOIEIASIGQY "sanjea sbejusdiad mou aie sanje usalb 'senjen
sbejusdlad uwn|od aie sanjea pal ‘Aeis [eridsoy pabuojoid yim pauiquiod ||| apelf UOIIeDIfISSe|D OPUI-USIAR| Dy A SPRIO UOIIBDIISSE|D OpUIg-USIAR|D) S
umoys si Al1jelolA, ;puaba suonesljdwod sanessdoisod yum pauiquiod sjusied Jedued [e19al JO SONISHISIORIEYD JUSWIESI] PUE JNoWN) ‘qusiied :q| a|qeL



Chapter 7

0£S°0 AN ZSr 601 67E ¥8 A 74 suoneoy|dwod jesibojoinaN

S200 ¥'¢¢ 0C¢ L'68 06€ 6'SE €5€ 6 786 suo11ed1|dwod snoiayu|
7660 €8l 0¢ Ley Ly 9'LE LY S0 60l suones|dwod sljoquisoquioy |
6010 Le Ll L6 Lle 8.8 ¥0C LT 0vS suoned||duwiod deipie)
9500 9'8lL 6SL L'6€ vEE 668 LYE ' SS8 suonesijdwod Areuowng
S61°0 €8l 899 €1l 60S'L 68¢ 6LY'L 96l €56'E suones||dwod [ea1Bing
100°0> L6l 2sy'L Sl 6SL°E 8/ v/8'C 9'/E ¥09'L [e10] suoneo||dwiod aanessdolsod
0610 vl o8 8Ly 2z v0E vl 0 9y Ainfut ssppe|g
1200 09¢ ¢¢ 0'SE €7 9'9¢ S¥ 90 €L Aanfur jeagiain/isisin
SLS0 9L €C L'ey 9 €'L8 €S L0 ¢yl Ainlur jpmog
8€S°0 L'0¢ 0¢ €8¢ /S 9'6E 65 L0 vl Buipss)g
100°0> 9'Lc 691 ey 8ee S'€E ¢9¢ 6'€ €8 |10 suoneo||dwod aanesadolay
suonedidwo)
100°0> '8¢ ¢L€ G'Sy 209 8'SC L¥E 9 €Ce'l SOA UOISISAUOD
100°0> G9L S0l L'z G8€'S Z0b 0SL'S €9 96LCL oidodsoueden] yoeouddy
¢000 9Ll ¥E £9¢ 80l €Ly 6L Sl v6c ebin Bumes
sonsadeleyd |esibung
G200 691 €9 Sl Z8v'9 Loy 292'9 €//L 619'GL pansmai QL= sopou ydwi
100°0> 6¢Cl v8l 8'8¢ PSS 097 £S9 'L 62yl SO\ 9Se3SIP Dl1eISeIS|N
G/1°0 €€l Sy 8'6¢ SEL Svy LSl JA umowjun/xNd
G880 89l L6t 8Ly ¢L6 8'6E 9¢6 Gl See' ZNd
snjead 9% N % N % N % N
JW/B% 00€E < MBN 6z -06C /B 6 v -S8l
KuseqQ Bramiano 1yBlam |ewoN |exol

(PenunuoD) "8102s 3su sisiBo|olsayisauy Jo A19100G UedlIBWY 'YSY [SUONRIABIAY "SenjeA abejusdlad mol ale sanjea usalb senjea
abejusdiad uwn|od ale sanjen pai Aeis |eudsoy pabuojoid Yum pauiquiod ||| 8peif UOEDHISSE|D OPUIJ-USIAR| Dy A SPRID UOIEDIISSE|D OpUIJ-USIAR|D) SB
umoys si All|eLO|Al, (pusben ‘suonesijdwod aalesadolsod yum pauiquiod siusiied Jedued |[e1oal JO SD1IsIiloeleyd JusWileal] pue JInowny ‘qusiied :q| ojqeL

126



Obesity as a determinant of perioperative and postoperative outcome

2000 €6l 6L vy 218 08¢ 9v/ 16 €96'L SoA uolssiwpesy
1000> 961 080'L LoV Tve'e &'1€ 180T €/ 605'S SoA +x©81N02 pejed||dwiod a1ensg
- EoLF 611 96F 601 96F 90l L6F OLL uoneing

100°0> €6l ¥S8 LOv 66L'L 1'8€ €89'L 61T €'y skep | < Aeys jenidsoy pabuojoig
100°0> L'LL 99 6C€ [Tl 99 08l &1 98 A ®peio

100°0> €Lz vy 'Ly 0Z8 8'GE YL/ 66 G66'L NIl 8pei9 xuonedlIssed opulg-usine|d
0660 TAVAA’ 7oy O iy Ly S0 66 Buipss)g

€0L0 L'SL 601 Sy Szg L'6€ €82 9e €zL abexjes| onowoiseuy

2520 6/1 98 7'ly 968 z6E (98 0L 291 |esog suonuaAIRluI-a SAI1eI8dolsod
enjea-d % N % N % N % N

/B3 00 < /BN 667 -0G  W/BA 6 YT —G8L
Auseqo wBramiang yBiom jewoN |elol

(PenuUOD) "2102s sl s)sIBOjOISaYISaUY JO A18100S UBdLIBWY "YSY :SUOHEIASIGQY "sanjea sbejusdiad mou aie sanje usalb 'senjen
sbejusdlad uwn|od aie sanjea pal ‘Aeis [eridsoy pabuojoid yim pauiquiod ||| apelf UOIIedIfISSe|D OpUI-USIAR| Dy A SPRID UOIeDIISSE|D OpuIg-USIAR|D) S
umoys si AljelojA, ;puaba suonesldwod sanessdoisod yum pauiquiod sjusied Jeoued [e19al JO SONISHSIORIEYD JUSWIESI] PUE JNOWN) ‘qusiied :q| a|qeL

127



128

Chapter 7

Univariate analysis (Table 2a) showed a significantly increased risk of postoperative
complications in each weight group compared with the NCC group. In particular, an
increased risk of postoperative complications was found in class Ill (BMI = 40.0 kg/m?)
OCC patients with an OR of 1.50 (95% confidence interval [Cl] 1.26 — 1.78). This relation-
ship remained statistically significant in class Il OCC patients (BMI = 40.0 kg/m? using
a multivariate analysis. Factors such as gender, age, tumour location, tumour staging,
urgency of operation, preoperative tumour complications, CCl and ASA were entered
in the multivariate analysis (Table 2a).

OBESE RECTAL CANCER (ORC) PATIENTS

Of the 20,208 rectal cancer patients, 3322 (16.4%) patients were obese as shown in
Table 1b. ORC patients were significantly younger (mean 66.7 years; SD + 9.8) (p <
0.001) and had higher ASA and CCl scores compared with normal-weight rectal cancer
(NRC) patients (mean 67.1 years; SD + 11.4) (Table 1b).

Fig. 1 shows the distribution of comorbidities in the ORC group. ORC patients were
associated with more preoperative comorbidities (ORC 81.7% vs NRC 64.7%, p < 0.001).
Looking at tumour characteristics, the ORC patients were diagnosed with a higher
located rectal tumour of >10 cm from the anal verge (ORC 41.5% [1380 of 3322] vs
NRC 38.2% [3126 of 8186], p < 0.001), and had more preoperative tumour complica-
tions: obstruction/ileus (p < 0.001) and abscesses (p < 0.001). Significant differences
in pathological and clinical tumour stage were seen: more cT2 (p < 0.001) and cT4
tumours (p < 0.001) and (y)pT2 (p < 0.001) and (y)pT4 tumours (p < 0.001). For surgical
characteristics, ORC patients were mostly operated using a laparoscopic approach
(ORC 63.4% [2105 of 3322] versus NRC 62.9% [5150 of 8186]). Also, in ORC patients
(11.2%) more laparoscopic conversion was needed compared to NRC patients (4.2%).
On the other hand, the ORC group less frequently underwent an emergency procedure
(ORC 1.0% [34 of 3322]; NRC 1.7% [139 of 8186], p < 0.001). Furthermore, more peri-
operative complications were seen in the ORC group (p < 0.001), but for the specific
complications bleeding, bowel injury, ureter/urethral and bladder injury, no significant

differences were observed, in contrast to the NRC patients.

Of all the ORC patients, 43.7% (n = 1452 of 3322) developed a postoperative complica-
tion. This was significantly higher in ORC compared with NRC patients (35.1%; n = 2874
of 8186). The ORC group developed more postoperative surgical complications (p =
0.195), and a significant difference in infectious complications (p = 0.025) was seen.
Furthermore, no significant difference was observed in postoperative re-interventions
performed for anastomotic leakage (p = 0.103) and bleeding (p = 0.988) in the ORC
group, but a significant difference was seen for a severe complicated course (p < 0.001).
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The increased postoperative complication rate and the higher CD grade in combina-
tion with a significantly prolonged hospitalization for the ORC group resulted in more
ORC patients with a prolonged hospital stay (ORC 32.5% vs NRC 25.5%).

Univariate analysis (Table 2b) showed a significantly increased risk of postoperative
complications in each weight group compared with the NRC group. In particular, an
increased risk of postoperative complications was found in class Il ORC patients with
an OR of 1.92 (95% CI 1.60e2.31), remaining significant in the multivariate analysis (stan-
dard) (OR 1.96; Cl 1.62e2.39).

The same comorbidity-associated factors, as mentioned for the colon cancer patient

group, were entered in the multivariate analysis (Table 2b).

HOSPITALS PERFORMING AND THOSE NOT PERFORMING BARIATRIC SURGERY

There was a wide variation between hospitals in the number of obese CRC patients
treated during the study period. Colon cancer patients were treated in 83 individual
hospitals with a range of 49 — 1600 surgical procedures per hospital between 2009 and
2016. This was between 11 and 346 per hospital for OCC patients, with a total of 9016
procedures (Fig. 2). All 19 hospitals performing bariatric surgery treated a lower total
volume (29.6%) of OCC patients compared with hospitals that do not perform bariatric
surgery (2668 vs 6,348, respectively). Besides the number of treated patients, there were
no statistically significant differences in preoperative characteristics and postoperative
outcomes in OCC patients treated in hospitals offering bariatric surgery and those that
do not offer bariatric procedures (p = 0.754).

Similar results were seen for rectal cancer patients. The 83 hospitals were jointly re-
sponsible for 3322 surgical procedures (range 2 — 132 per hospital) for ORC patients.
Fig. 2 shows the distribution in volume and the number of complicated postoperative
courses. The 19 hospitals performing bariatric surgery were responsible for 1004 surgical
procedures for ORC patients (range é — 132 per hospital, 30.2%). No significant differ-
ence was seen between treatment in hospitals offering bariatric surgery and hospitals

that did not with regard to a complicated postoperative course (p = 0.149).
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Table 2b: Univariate and multivariate analyses of rectal cancer patients for a complicated postopera-
tive course. *Multivariate analysis was calculated with CCl-score and ASA-score. Abbreviations: N,
number; SD, standard deviation; Cl, confidence interval; OR, odds ratio; BMI, body mass index; CCl,
Charlson Comorbidity Index; ASA, American Society of Anesthesiologists risk score.

Normal Complicated
postoperative course postoperative course
N % N % p-value  Odds 95% Cl
ratio
Rectal cancer patients 11,225 555 8,983 445 - - -
Univariate analysis
BMI (mean, kg/m?, SD) 260 +4.1 265 +44 <0.001 - -
18.5 - 24.9 kg/m? 4,780 23.7 3,406 16.9 <0.001 REF REF
25.0 - 29.9 kg/m? 4,643 23.0 3,734 18.5 0.780 113  1.06-1.20
30.0 - 34.9 kg/m? 1,350 6.7 1,334 6.6 <0.001 1.39 1.27-1.51
35.0 - 39.9 kg/m? 206 1.0 282 14 <0.001 1.92 1.60-2.31
> 40 kg/m? 69 0.3 81 04 0.023 1.65 1.19-2.45
Comorbidities 7,608 37.6 6,624 32.8 <0.001 133 1.26-1.42
Cardiac 2,115 10.5 2,217 11.0 <0.001 1.41 1.32-1.51
Vascular 3,839 19.0 3,459 17.1 <0.001 1.20 1.14-1.28
Diabetes mellitus 1416 7.0 1,373 6.8 <0.001 1.25 1.15-1.35
Pulmonary 1,156 5.7 1,220 6.0 <0.001 1.37 1.26 - 1.49
Gastro-enterological 721 3.6 690 34 0.001 1.21 1.09-1.35
Urogenital 615 3.0 676 33 <0.001 140 1.25-1.57
Thrombotic 284 1.4 304 15 <0.001 135 1.15-1.59
Musculoskeletal 662 3.3 572 2.8 0.175 1.09 0.97 -1.22
Endocrine 478 2.4 370 1.8 0.648 0.97 0.84-1.11
Infectious 73 04 75 04 0.148 1.29 0.93-1.78
Malignancy 1,332 6.6 1,226 6.1 <0.001 1.17 1.08-1.28
Other 817 4.0 772 3.8 0.001 1.20 1.08-1.33
Multivariate analysis*
BMI (mean, kg/mz, SD) 260 +4.1 265 =44 <0.001 - -
18.5 - 24.9 kg/m’ 4,780 23.7 3,406 16.9 <0.001 REF REF
25.0 - 29.9 kg/m? 4,643 23.0 3,734 185 0.780 1.1 1.04-1.18
30.0 - 34.9 kg/m’ 1,350 6.7 1,334 6.6 <0.001 1.39 1.26-1.52
35.0 - 39.9 kg/m? 206 1.0 282 14 <0.001 1.96 1.62-2.39

> 40 kg/m? 69 0.3 81 04 0.023 1.72 1.23-2.42
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Table 2a: Univariate and multivariate analyses of colon cancer patients for a complicated postopera-
tive course. *Multivariate analysis was calculated with CCl-score and ASA-score. Abbreviations: N,
number; SD, standard deviation; Cl, confidence interval; OR, odds ratio; BMI, body mass index; CCl,
Charlson Comorbidity Index; ASA, American Society of Anesthesiologists risk score.

Normal Complicated
postoperative course postoperative course
N % N % p-value OR 95% Cl

Colon cancer patients 33,005 64.9 17,871 35.1 - - -

Univariate analysis

BMI (mean, kg/m?, SD) 262 +4.4 265 +4.7 <0.001 - -

18.5 - 24.9 kg/m? 13,724 27.0 7,031 13.8 <0.001 REF REF

25.0-29.9 kg/m” 13,168 25.9 7,044 13.8 0.294 1.04 1.00-1.09
30.0 - 34.9 kg/m? 4,311 8.5 2,570 5.1 <0.001 116 1.10-1.23
35.0 - 39.9 kg/m” 964 1.9 639 1.3 <0.001 130 1.17-1.44
> 40 kg/m? 301 0.6 231 05 <0.001 1.50 1.26-1.78

Comorbidities 24,487 48.1 14,782 29.1 <0.001 1.66 1.59-1.74
Cardiac 8,111 15.9 5986 11.8 <0.001 1.55 1.49-1.61
Vascular 12,769 25.1 7,916 15.6 <0.001 1.26 1.21-1.31
Diabetes mellitus 5,055 9.9 3,338 6.6 <0.001 1.27 1.21-1.33
Pulmonary 4013 7.9 3,190 6.3 <0.001 157 1.49-1.65
Gastro-enterological 3,058 6.0 2,161 4.2 <0.001 1.35 1.27 -1.43
Urogenital 2,409 4.7 1,788 3.5 <0.001 1.41 1.32-1.51
Thrombotic 1,040 2.0 758 1.5 <0.001 1.36 1.24-1.50
Musculoskeletal 2,337 4.6 1,473 2.9 <0.001 1.18 1.10-1.26
Endocrine 1,966 3.9 1,121 2.2 0.160 1.06 0.98-1.14
Infectious 269 0.5 169 0.3 0.141 1.16 0.96-1.41
Malignancy 4,249 84 3,022 59 <0.001 1.38 1.31-1.45
Other 2,714 53 1,811 3.6 <0.001 1.26 1.18-1.34

Multivariate analysis*

BMI (mean, kg/m?, SD) 262 44 265 47 <0.001 - -
18.5-25.0 kg/m’ 13,724 27.0 7,031 13.8 <0.001 REF REF
25.0 - 30.0 kg/m? 13,168 25.9 7,044 138 0.294 1.07  1.02-1.11
30.0 - 35.0 kg/m? 4,311 8.5 2,570 5.1 <0.001 1.21 1.14-1.28
35.0 - 40.0 kg/m? 964 1.9 639 1.3 <0.001 1.38 1.24-1.54

> 40 kg/m? 301 0.6 231 05 <0.001 1.50 1.25-1.79
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DISCUSSION

This population-based study on the influence of obesity on perioperative and post-
operative outcome in patients during and after CRC resection gives a comprehensive
overview of the perioperative and short-term postoperative outcomes of colorectal

surgery in obese CRC patients.

Independent analyses and a multivariate logistic regression model, including all obesity-
related comorbidities, showed a significantly increased risk factor (OR) in developing
a complicated postoperative course for obese CRC patients. This study suggests that
obesity and the comorbidities associated with obesity are associated with a higher
risk of adverse clinical postoperative outcome, prolonged hospitalization and a higher

readmission rate.

Obesity is seen as a potential risk factor for postoperative morbidity, but conflicting
results are described in the international literature.” ” A study by Amri et al. showed no
significant association between obesity and complications after colon cancer surgery.™
Our study, however, confirms the results described in the STARSurg Collaborative study
and offers additional perioperative and short-term postoperative information of all CRC
hospitals in the Netherlands. Including all Dutch academic, teaching and non-teaching
hospitals.® These results are supported by the findings of Smith et al. which showed a
significant association between obesity and postoperative complications after rectal
cancer resection in a population of almost 12,000 rectal cancer patients.® Also, a re-
cent large, international, multicentre, prospective, cohort study, discussing BMI and
postoperative complications after gastrointestinal surgery showed an increased risk of
major postoperative complications in overweight and obese patients compared with
normal-weight patients.”

Furthermore, various scientific articles suggest a so-called “obesity paradox” for pre-
obese and mildly obese surgical patients.” 2" ? However, this clinical finding is still a
point of discussion and such a paradox was not found in this large population-based

23,24

study.

Obese CRC patients were generally operated using an open approach, but the literature
describes laparoscopic CRC surgery as feasible and safe.”” In the Netherlands, obese
CRC patients are mostly operated laparoscopically. Findings in the international litera-
ture confirm the association of obese CRC patients with more emergency procedures
and laparoscopic conversions.? Also, significantly more postoperative re-interventions

were performed for anastomotic leakage in the OCC group, which was described as an
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essential determining factor in a recent observational study.?”’ Several hypotheses are
described in the international literature as a reason for the higher anastomotic leakage
rate in the OCC group, e.g. impaired anastomotic microcirculation due to increased

abdominal pressure.

As obesity is on the increase, evaluation of care processes in best performing hospitals
is of great interest.”® Although, in our study, the experience in the treatment of obese
patients, reflected by hospitals offering bariatric surgery, did not result in better postop-
erative outcomes. Moreover, because participation in the DCRA is mandatory for Dutch
hospitals, it was possible to explore hypotheses regarding the underlying mechanisms
explaining the observed variation in outcome of obese patients between hospitals. For
example, hospitals performing bariatric surgery could have had more experience in the
(surgical) treatment of, as well as perioperative care for, obese patients. Although, the
analyses did not show different results for CRC surgery between hospitals performing
and hospitals not performing bariatric surgery. More in-depth studies are needed to
reveal differences in the care processes that lead to better or worse outcomes for obese

patients undergoing CRC resection.

The strength of this study was the advantage of population-based data, which reflect
daily general practice in the Netherlands. However, some limitations of this population-
based study need to be addressed. The combination of the primary inclusion criteria
and missing data caused exclusion of 5016 (9.0%) colon cancer and 1387 (6.4%) rectal
cancer patients. External third-party data verification showed that weight and height
are not typically missing data in patients with an unfavourable postoperative outcome.®
Therefore, it can be assumed that the missing data occurred randomly.

Furthermore, the DCRA only provides short-term postoperative surgical and onco-
logical outcomes (<30 days). The content of the DCRA is not only based on mandatory
indicators, but also on a dynamic process led by a multidisciplinary team, including
colorectal surgeons, oncologists and pathologists, which can lead to new registration
of topics based on the team’s increasing insights. Information on, e.g. ERAS (enhanced
recovery after surgery) and fast-track protocols is currently not registered in the DCRA,
but may be added over time. The quality of reported data in the DCRA was influenced
over time due to better registration and training of the registrars.® In addition, the start
of the national colorectal screening programme in 2014, could have influenced the

study results.

The effect of disease-related weight loss was difficult to evaluate. Weight and height

of the patient were registered on the day of admission, which was no more than two
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working days before the colorectal resection. However, significant weight loss before
the primary colorectal resection could be expected due to the disease itself, which is

known to be associated with worsened postoperative outcomes.?’

We also took bariatric surgery as a proxy for experience in the surgical treatment of
obese patients. The development of more specialized hospitals for optimized care,
already showed improvement in several quality outcomes, due to increased operative
volumes and more specialized care.**¥ Surgeons experienced in both bariatric surgery
and colorectal surgery might have a better postoperative outcome for (severely) obese
patients.® It could, therefore, be expected that hospitals performing bariatric surgery
could have better results for this specific patient category. However, this study did not
find a relationship between experience in the field of bariatric surgery and a favour-
able postoperative outcome. The assumption in this article, that colorectal surgeons in
hospitals offering bariatric surgery by definition have a better experience with obese

patients was not sufficient.

CONCLUSIONS

Using real-life data reflecting daily practice in the Netherlands, we identified obesity
as an important risk factor in the care process of CRC patients. Obesity-related comor-
bidities were associated with higher postoperative morbidity, prolonged hospitalization
and a higher readmission rate in obese CRC patients. No differences were observed

between hospitals performing bariatric surgery and hospitals that did not.
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