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Moderating Effect of Structural Complexity on the Relationship between
Surgery Volume and in Hospital Mortality of Cancer Patients

Kyungil Youn

Department of Medical Humanities, Keimyung University School of Medicine, Daegu, Korea

Background: The volume of surgery has been examined as a major source of variation in outcome after surgery. This study investi-
gated the direct effect of surgery volume to in hospitals mortality and the moderating effect of structural complexity-the level of
diversity and sophistication of technology a hospital applied in patient care-to the volume outcome relationship.

Methods: Discharge summary data of 11,827 cancer patients who underwent surgery and were discharged during a month period
in 2010 and 2011 were analyzed. The analytic model included the independent variables such as surgery volume of a hospital, struc-
tural complexity measured by the number of diagnosis a hospital examined, and their interaction term. This study used a hierarchi-
cal logistic regression model to test for an association between hospital complexity and mortality rates and to test for the moderat-

ing effect in the volume outcome relationship.

Results: As structural complexity increased the probability of in-hospital mortality after cancer surgery reduced. The interaction
term between surgery volume and structural complexity was also statistically significant. The interaction effect was the strongest
among the patients group who had surgery in low volume hospitals.

Conclusion: The structural complexity and volume of surgery should be considered simultaneously in studying volume outcome
relationship and in developing policies that aim to reduce mortality after cancer surgery.

Keywords: Organization & administration; Surgery volume; Structural complexity; Hospital mortality; Moderating effects
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Table 1. Definition of variables

Variable Definition
Gender - male, 2: female
Age (yr) . <44, 2: 4564, 3: >65

1

1
Admission route 1: outpatient, 2: emergency room
Insurance type 1: National Health Insurance, 2: medical aid program
Length of stay (day) 1: <5,2:6-9,3:10-13,4:14-12,5:> 21
Severity 0: CCl0,1:CCI1,2: CCI 2, 3: CCI 3+
Hospital location 1: Seoul, 2: great city area, 3: urban area
Hospital type 1: teaching hospital, 2: general hospital
Volume of surgery level 1:0-60 days, 2: 61-180 days, 3: > 181 days
Complexity level 1:0-687, 2: 688-926, 3: =927
Treatment outcome 1:in hospital death, 2: survival

CCl, Charison Comorbidity Index.
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Table 2. General characteristics of cancer surgery patients discharged (2010-2011)

Variable Complexity level 1 Complexity level 2 Complexity level 3 2 (p-value) All
Gender 7.157(0.05)

Male 2,599(65.5) 2,710(67.3) 2474(64.5) 7,783(65.8)

Female 1,368 (34.5) 1.315(32.7) 1,361 (35.5) 4,044(34.2)
Age (yr) 129701 (0.001)

<44 258(6.5) 272(6.8) 381(9.9) 91(7.7)

45-64 1,736 (43.8) 1,872 (46.5) 1,995 (52.0) 5,603 (47.4)

>65 1,973(49.7) 1,881(46.7) 1,459 (38.0) 5,313(44.9)
Admission source

Outpatient 3,355(84.6) 3,358(83.4) 3579(933) 10,292 (87.0)

Other 612(15.4) 667 (16.6) 256 (6.7) 1,535(13.0)
Insurance type 201.907 (0.001)

National Health Insurance 3,586(90.4) 3,734(92.8) 3,740(97.5) 11,060 (93.5)

Medical aid program 381(9.6) 291(7.2) 95(2.5) 767 (6.5)
Length of stay (day) 558.370(0.001)

<5 287(7.2) 223(5.5) 142(3.7) 2,033(17.2)

6-9 458(11.5) 582 (14.5) 341(8.9) 2,704(22.9)

10-13 913(23.0) 969 (24.1) 1,649(43.0) 2583(21.8)

14-20 1,335(337) 1,448(36.0) 1,173(30.6) 2,200(18.6)

>21 974 (24.6) 803(20.0) 530(13.8) 2,307 (19.5)
Severity (Charlson Comorbidity Index) 334.617(0.001)

0 2,965 (74.7) 2,276 (56.5) 2,597 (67.7) 7,838(66.3)

1 330(8.3) 426(10.6) 316(8.2) 1,072(9.1)

2 144(3.6) 272(6.8) 144(3.8) 560 (4.7)

3+ 528(13.3) 1,051(26.1) 778(20.3) 2,357 (19.9)
Hospital location 3,637.001(0.001)

Seoul 702(17.7) 1,184 (29.4) 2,989(77.9) 4.875(41.2)

Metropolitan 917(23.1) 1,374(34.1) 410(10.7) 2,701(22.8)

Urban 2,348(59.2) 1,467 (36.4) 436 (11.4) 4,251(359)
Hospital teaching status 4,965.342 (0.001)

Teaching 1,068(26.7) 3093(76.8) 3,819(99.6) 7,970 (67.4)

Not teaching 2,909(73.3) 932(23.2) 16(0.4) 3,857(32.6)
Volume of surgery (cases) 5,027.184(0.001)

Level 1 2,361(59.5) 1,492(37.1) 38(1.0) 3891(329)

Level 2 928 (23.4) 1,929 (47.9) 960 (25.0) 3,817(32.3)

Level 3 678(17.1) 604 (15.0) 2,837(74.0) 4,119(34.8)
Treatment outcome 124.419(0.001)

Survive 3,724(939) 3876(96.3) 3,784(98.7) 11,384(96.3)

Death 243(6.1) 149(37) 51(1.3) 443(3.7)

Values are presented as number (%).
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Figure 1. Average mortality rates by structural complexity level and
surgery volume level. Volume level: 1, 0-60; 2, 61-180; 3, = 181. Com-
plexity level: 1,0-687; 2,688-926; 3, > 927.

Table 3. Spearman correlation between major study variables
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Variable Age Length of stay Severity Volume level Complexity level Interaction term Outcome
Age 1.000

Length of stay 0.092** 1.000

Severity 0.027** 0.061** 1.000

Volume level 0.122** 0219 0.046** 1.000

Complexity level -0.099** -0.082%* 0.069** 0.566** 1.000

Interaction term 0.002 0.033** -0.045%* 0.111%* -0.199** 1.000

Outcome 0.041** 0.136™* 0.070** -0.098** -0.103** 0.070** 1.000
**p<0.01.
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Table 4. Results of hierarchical logistic regression analysis on factors affecting in hospital mortality

, Model 1 Model 2 Model 3
Variable
B SE Exp (B) B SE Exp (B) B SE Exp (B)
Gender Male
Female 0122 0.111 0.885 0.129 0.111 0.879 0138 0.112 0.871
Age Level 1
Level 2 -0.108 0.225 0.897 -0.09%6 0.226 0.909 0101 0.227 0.904
Level 3 0.117 0.221 1.125 0.126 0.222 1134 0.117 0.223 1.124
Admission route QOutpatient
Emergency room 1.388%** 0.106 4.005 1.391%%* 0.107 4018 1.368*** 0.107 3929
Insurance type National Health Insurance
Medical aid program 0.147 0.170 1.159 0.136 0171 1.146 0.131 017 1.140
Length of stay Level 1
Level 2 -0.093 0.296 0.911 -0.075 0.296 0.928 -0.082 0.297 0.921
Level 3 -0.351 0.282 0.704 -0.301 0.283 0.740 -0.256 0.283 0.774
Level 4 0518 0.274 0.596 -0.463 0.275 0629 0408 0.275 0.665
Level 5 1.180%** 0.257 3253 1.224%%* 0.257 3400 1.292%** 0.258 3639
Severity CClo
CCl1 0.556™** 0.174 1.743 0.565*** 0.175 1.759 0.534** 0.176 1.705
CCl2 0.159 0.263 1172 0.168 0.264 1.182 0.188 0.264 1.207
CCl 3+ 0.851*** 0.118 2.343 0.902*** 0.119 2463 0.912%** 0.120 2489
Hospital location Seoul
Great city -0.253 0.161 0.776 -0.301 0.162 0.740 0153 0.168 0.858
Urban 0.389** 0134 1475 0.326** 0.136 1.386 0.5327%** 0.146 1.702
Teaching status Teaching
General 0.595%** 0124 1.813 0.359** 0.136 1432 0.299** 0.141 1.348
\lolume of surgery Level 1
Level 2 -0.005 0127 0.9% 0.142 0132 1.152 0.625*** 0172 1.868
Level 3 -0.650*** 0.165 0.522 -0.469** 0.175 0.626 0.018 0.214 1.018
Complexity Level 1
Level 2 -0.434%* 0.131 0.648 0122 0.154 0.885
Level 3 -0.745%** 0.206 0.475 0,997 0.232 0.369
Volumex complexity  VxC 0.729*** 0.159 2074
Model chi-square 732.436/(0.001) 749.193(0.001) 773.243(0.001)
-2 log likelihood 3,046.889 3,030.133 3,006.082
Nagelkerke R square 0220 0.224 0231
SE, standard error; CCl, Charlson Comorbidity Index.
**p<0.05. ***p<0.001.
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Figure 2. Predicted probability of mortality by complexity level and
volume level.
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