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ABSTRACT

Background and Purpose: The technologic imperative has prompted the adoption of complex laparoscopic
techniques by physicians with various degrees of skill. We sought to measure the impact of both case mix and
physician practice (perioperative process/risk factors) on length of stay (LOS)—a common benchmark—
after laparoscopic surgery.

Patients and Methods: We identified 911 patients undergoing laparoscopic retroperitoneal surgery between
1996 and 2004, who comprise our study population. Patients remaining in the hospital �5 days—the 90th
percentile for the sample—were classified as having a prolonged LOS. Adjusted models were developed to
determine the independent association of case mix and process measures with a prolonged LOS. The likeli-
hood ratio test was used to discern the improvement of fit of the process model compared with the case-mix
model.

Results: Among factors related to case mix and structure of care, increasing age (odds ratio [OR] 1.1; 95%
CI 1.0, 1.2), less surgeon experience (OR 6.1; 95% CI 2.1, 17.2), male gender (OR 2.1; 95% CI 1.2, 4.0), and
American Society of Anesthesiologists score of 3 or 4 (OR 7.2; 95% CI 2.2, 23.3) were independently associ-
ated with a prolonged LOS. The need for a transfusion (OR 9.4; 95% CI 33.9, 23.2), the development of a
postoperative complication (OR 4.6; 95% CI 2.2, 9.5), and longer operative time (OR 1.5; 95% CI 1.3, 1.8)
explained additional variation in prolonged LOS outcomes when considering perioperative process/risk fac-
tors in the model. Perioperative factors significantly improved the fit of the model (�2 statistic 101.8; p �
0.0001).

Conclusions: Significant variation in outcomes is explained by factors describing aspects of surgical exper-
tise. Variability in the surgical skill set is likely greatest during the laparoscopic learning curve, which raises
a quality-of-care concern during the initial implementation of the technique. Policies attempting to smooth
the laparoscopic learning curve, such as mentoring and skill measurement prior to credentialing, could im-
prove the quality of care.

INTRODUCTION

APPROXIMATELY 25% of the 15 million operations performed
annually in this country will utilize a minimally invasive

technique such as laparoscopy or robotics.1 The perceived ben-
efits of minimally invasive techniques over a conventional ap-
proach include shorter length of stay (LOS), diminished post-
operative pain, earlier return to productive activity, and smaller
incisions.2–5 These benefits are appealing to both patients and
payers, as they theoretically have the capacity to minimize re-
source use by limiting hospitalization and the impact of infir-

mity on the individual and society (e.g., by facilitating return
to work).

Variation in physician practice patterns has been implicated
as a principal source for quality-of-care concerns, particularly
when physicians fail to provide basic proven health services.6

In the setting of laparoscopic surgery, short-term outcomes such
as LOS often are used as benchmarks with which to compare
various surgical techniques. Indeed, the variability in LOS out-
comes has been demonstrated to be multifactorial and likely in-
cludes difficult-to-measure elements of care such as surgical
expertise and operative technique.7 Thus, practice pattern vari-
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ation has the potential to adversely impact these short-term out-
comes, and identifying processes of care or risk factors that are
either predictive or along the causal pathway may provide valu-
able insight into aspects of health-services delivery that are
modifiable. To this end, we sought to determine elements of
case-mix and perioperative processes of care/risk factors related
to a prolonged LOS after laparoscopic surgery.

PATIENTS AND METHODS

The 911 patients undergoing retroperitoneal laparoscopic
surgery between August 1996 and November 2004 at the Uni-
versity of Michigan were included in the study. Clinical, de-
mographic, and follow-up data regarding each patient’s post-
operative course were collected prospectively as part of an
Institutional Review Board-approved data repository (Table 1).
The outcome of interest was LOS after surgery. Because of the
skewed nature of LOS even after transformation, we elected to
dichotomize the outcome into prolonged and not prolonged. We
selected the 90th percentile for all procedures as the threshold;
hence, all patients remaining in the hospital �5 days were clas-
sified as having a prolonged LOS.

The procedures were grouped into common categories to fa-
cilitate statistical inference related to procedure type and out-
come. For example, patients undergoing radical nephrectomy
for renal-cell cancer and donor nephrectomy were analyzed to-
gether as the nephrectomy group. The unadjusted relation be-
tween clinical (e.g., case mix) and perioperative factors and pro-
cedure type was undertaken first to provide insight into
differences between patients undergoing different laparoscopic
procedures. Next, the association between these factors and a
prolonged LOS was assessed. Categorical data was analyzed
using the chi-square test (Fisher’s exact method where appro-
priate), and continuous measures were analyzed using the t-test
(analysis of variance where appropriate).

Clinical and perioperative factors potentially related to a pro-
longed LOS (p value �0.1 on bivariate analysis) were incorpo-
rated into multivariate models. Using a backward model-building
process, logistic regression was performed to determine the inde-
pendent association of the factors with a prolonged LOS. Two
distinct model-building processes were conducted. The first in-
cluded only factors based on preoperative risk factors (e.g., ASA
score), and the second included factors based on preoperative risk
factors and perioperative process measures/risk factors (e.g., op-
erative time). For the purposes of analysis, surgical approach was
incorporated into the full (perioperative) model as the approach
(extraperitoneal v standard laparoscopy v hand-assisted v open)
actually experienced by the patient rather than the planned ap-
proach. Where appropriate, the likelihood ratio test was used to
assess the difference in the ability of the models using preopera-
tive factors only (reduced model) and the model using both pre-
operative and perioperative elements (full model) to explain the
variance in prolonged LOS outcomes. The C and Hosmer-
Lemeshow statistics were calculated for each of the adjusted mod-
els to illustrate model discrimination and calibration qualities, re-
spectively. The C statistic, a value that ranges from 0 to 1, indicates
the accuracy of the prediction model, with a higher number rep-
resenting more accurate predictions. Multicollinearity diagnostics
were performed on the final models to ensure absence of strong

linear tendencies among the explanatory variables. All statistical
analyses were performed using the SAS System (V. 9.1.2; SAS
Institute, Cary, NC), and all p �0.05 were considered significant.

RESULTS

Of note, partial nephrectomy, nephroureterectomy, and
adrenalectomy were associated with the greatest blood loss
(�300 mL), and the latter two procedures were more commonly
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TABLE 2. PARAMETERS ASSOCIATED WITH PROLONGED

LOS (�90TH PERCENTILE FOR SAMPLE) 
AFTER LAPAROSCOPIC SURGERY

% with prolonged
LOS P value

Procedure
Nephrectomy 5.6 0.0024
Partial nephrectomy 9.8
Nephroureterectomy 20.0
Cyst decortication 6.6
Adrenalectomy 5.4
Pyeloplasty 5.6
RPLND 20.0
Other —

Sex
Male 9.5 0.0079
Female 4.9

ASA score
1 1.7 �0.0001
2 7.1
3 19.2
4 —

Prior abdominal surgery
Yes 9.1 0.0924
No 6.1

Surgeon experience
Cases 1–20 12.5 �0.0001
Cases 21–40 32.0
Cases 41 6.3

Side of surgery
Right 9.9 0.0177
Left 5.7

Laterality of surgery
Bilateral 29.2 �0.0001
Unilateral 6.7

Surgical approach
Extraperitoneal 6.6 �0.0001
Standard 6.5
Hand-assisted 6.8
Open 42.9

Transfusion
Yes 44.9 �0.0001
No 5.1

Operative complication
Yes 22.0 �0.0001
No 5.4

Postoperative complication
Yes 19.4 �0.0001
No 3.0

Abbreviations: RPLND � retroperitoneal lymph-node dis-
section; ASA � American Society of Anesthesiologists.



associated with intraoperative complications. Postoperative
complications (minor and major) occurred in �20% of patients
undergoing each of the procedures with the exception of cyst
decortication. The mean LOS was �3 days for all procedures
except nephroureterectomy.

The relation between clinical factors and a prolonged LOS
after laparoscopic surgery are detailed in Table 2. Among con-
tinuous covariates, older age (59.9 v 49.9 years; p � 0.0001),
greater intraoperative blood loss (589 v 209 mL; P � 0.0078),
and longer operative time (269.3 v 208.6 minutes; p � 0.0001)
were all related to prolonged LOS. Larger patient size (greater
body mass index) was not related to prolonged LOS (p �
0.8601). Not surprisingly, all perioperative adverse events (e.g.,
open conversion, transfusion, operative/postoperative morbid-
ity) were associated with a prolonged LOS (each p � 0.0001).

Both the reduced (case-mix only) and the full (case-mix and
perioperative process/risk factors) models are depicted in Table
3. The discrimination and fit of each of the models are dem-
onstrated by the C and Hosmer-Lemeshow statistics below the
table. The likelihood ratio test �2 statistic for the difference be-
tween the full and reduced model was 101.8 (degrees of free-
dom � 3; p � 0.001), highlighting the superior fit characteris-
tics of the model including perioperative process/risk factors.

DISCUSSION

Laparoscopic techniques and the technologic imperative8

have revolutionized surgical care delivery in the U.S. Relative
to the conventional open approach, patients undergoing lapa-
roscopic surgery are generally afforded a reduction in postop-
erative pain9 and narcotic requirements5 and a shorter conva-
lescence10,11 for a wide variety of procedures. Perhaps the most
dramatic and consistently reported advantage of laparoscopic

surgery has been the shorter LOS required after major extirpa-
tive and reconstructive surgery.5,9–13 These advantages are not
always without potential tradeoffs—a large body of evidence
supports the existence of a significant learning curve related to
many laparoscopic procedures,7,14–17 which may limit the ex-
tent of some, if not all, of these benefits. This reduction is most
certainly a manifestation of processes of care (e.g., patient se-
lection, operative time, surgical technique) that are refined dur-
ing skill acquisition.

Given this caveat and the compelling advantage of laparo-
scopic techniques on minimizing LOS after surgery, the cur-
rent study identifies several preoperative risk factors and a mea-
sure of structure of care that were independently related to a
prolonged LOS—age, male sex, greater comorbidity, and sur-
geon experience. Although none of the patient factors is mod-
ifiable, this information can be used to counsel patients preop-
eratively regarding postoperative expectations. Furthermore,
physicians can identify patients whose risk profile consists of
multiple fixed risk factors and hence are at high postoperative
risk regardless of preoperative process of care and selectively
refer them to regional centers specializing in laparoscopic sur-
gery.

As demonstrated in variety of other work,7,18 surgical ex-
pertise plays a crucial role in determining the outcomes of lap-
aroscopic surgery. The effects of surgeon experience on out-
come are likely multifactorial, and the relation remains largely
uncharacterized, although there is a plethora of potential medi-
ating factors such as patient selection, surgical skill, selection
of the operative approach (e.g., extraperitoneal v intraperitoneal
v hand-assist), avoidance of “trouble,” and early recognition of
complications. Herein, we demonstrate that a patient’s risk of
remaining in the hospital longer than 90% of all patients un-
dergoing laparoscopic surgery is increased more than three fold
when the procedure is performed by a less-experienced surgeon
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TABLE 3. ADJUSTED MODELS DEMONSTRATING RELATION OF CASE MIX AND PERIOPERATIVE

FACTORS WITH PROLONGED LOS AFTER LAPAROSCOPIC SURGERY

Prolonged LOS

95% confidence
Clinical factor Reference level Odds ratio interval

Case-mix model only1

Age Per 5-year increase 1.1 1.0–1.2
Surgeon experience

Cases 1–20 Cases 41 and 3.6 0.9–13.8
Cases 21–40 above 6.1 2.1–17.2

Male sex Female 2.1 1.2–4.0
ASA score

3 or 4 1 7.2 2.2–23.3
2 2.6 0.8–8.1

Perioperative process and risk factors model2

Transfusion No transfusion 9.4 3.8–23.2
Postoperative complication No complication 4.6 2.2–9.5
Operative time Per 30-minute 1.5 1.3–1.8

increase

Abbreviations: ASA � American Society of Anesthesiologists.
1C-statistic 0.79; Hosmer-Lemeshow �2 statistic 11.8, p � 0.16.
2Full model (includes case-mix covariates as well). C-statistic 0.92; Hosmer-Lemeshow �2 statistic 2.2, p � 0.97.



(earlier in the learning curve) rather than a more-experienced
surgeon (at the tail of the learning curve). Although not neces-
sarily surprising, this finding highlights the degree to which
skill acquisition can affect patient outcomes and raises a po-
tential quality-of-care dilemma. As novel complex techniques
are assimilated into the surgeon’s repertoire, measuring surgi-
cal skill for the purposes of credentialing may become neces-
sary.19,20

The importance of surgical expertise to LOS outcomes is
underscored by the findings of our perioperative process/risk
factors model. The need for transfusion, the development of
a postoperative complication, and longer operative time—all
potential surrogate measures of surgical skill—indepen-
dently increased the likelihood of a prolonged LOS after lap-
aroscopic surgery, and all are potentially modifiable. Atten-
tion to detail intraoperatively and perioperatively may
minimize blood loss and avoid complications postoperatively
(e.g., preventing a collection of blood within the abdomen
may reduce the likelihood of ileus). Similarly, operative
times are certain to decrease with experience.18 Collectively,
the data suggest that the greatest risk for adverse outcomes
(e.g., prolonged LOS) is when the likelihood of the risk fac-
tors (e.g., need for transfusion, longer operative time, and
development of a postoperative complication) is greatest,
which likely occurs during the initial phases of the learning
curve for the technique. Standardized measurement of sur-
gical skills and vigilant mentoring by a more experienced
surgeon during the learning curve afford potential solutions
to this quality-of-care concern.

A limitation of this work stems from the nature of the study
population (single institution), which may limit the generaliz-
ability of the findings. However, we incorporated a wide array
of laparoscopic procedures to attempt to capture the diversity
of patient characteristics that may be manifest in external pop-
ulations. Similarly, our relatively small sample prohibits pre-
cise estimates of the magnitude of the effect measures, as il-
lustrated by the breadth of the 95% confidence intervals.
Despite prospective data collection, the scope of explicit intra-
operative and postoperative processes of care was somewhat
narrow, which restricted our ability to identify modifiable pre-
dictors of prolonged LOS. Nonetheless, the striking impact (in-
crease of the C statistic from 0.79 to 0.92) of the addition of
perioperative processes/risk factors—need for transfusion, op-
erative time, and a postoperative complication—to the model
demonstrated the significant influence of factors related to sur-
gical technique on outcome. Hence, future work pertaining to
this topic should focus on explicit process identification as it
relates to intraoperative technique/perioperative decision-mak-
ing to minimize blood loss and operative time and prevent com-
plications.

CONCLUSIONS

Elements of case mix, structure of care, and process of care
contribute to the likelihood of a prolonged LOS after laparo-
scopic surgery. The highest-leverage factors were those that re-
lated to surgical skill and perioperative processes of care. Be-
cause the principal benefits of laparoscopic techniques seem to

be mediated by physician practice-pattern variations that are po-
tentially most suspect during the laparoscopic learning curve,
efforts should be directed at minimizing such variation to im-
prove the quality of the care delivered. Avenues that may ad-
dress this concern include mentoring and rigorous skill assess-
ment prior to credentialing. Explicit process measurement
should be undertaken to identify additional modifiable elements
of care to further improve the quality of care in this patient pop-
ulation.

REFERENCES

1. Gerhardus D. Robot-assisted surgery: The future is here. J Health-
care Manage 2003;48:242.

2. von Allmen D, Markowitz JE, York A, Mamula P, Shepanski M,
Baldassano R. Laparoscopic-assisted bowel resection offers ad-
vantages over open surgery for treatment of segmental Crohn’s dis-
ease in children. J Pediatr Surg 2003;38:963.

3. Tsai EM, Chen HS, Long CY, et al. Laparoscopically assisted vagi-
nal hysterectomy versus total abdominal hysterectomy: A study of
100 cases on light-endorsed transvaginal section. Gynecol Obstet
Invest 2003;55:105.

4. Perry KT, Freedland SJ, Hu JC, et al. Quality of life, pain and re-
turn to normal activities following laparoscopic donor nephrectomy
versus open mini-incision donor nephrectomy. J Urol 2003;
169:2018.

5. Wolf JS Jr, Merion RM, Leichtman AB, et al. Randomized con-
trolled trial of hand-assisted laparoscopic versus open surgical live
donor nephrectomy. Transplantation 2001;72:284.

6. McGlynn EA, Asch SM, Adams J, et al. The quality of health care
delivered to adults in the United States [see comment]. N Engl J
Med 2003;348:2635.

7. David G, Yoav M, Gross D, Reissman P. Laparoscopic adrena-
lectomy: Ascending the learning curve. Surg Endosc 2004;18:
771.

8. Escarce JJ. Externalities in hospitals and physician adoption of a
new surgical technology: An exploratory analysis. J Health Econ
1996;15:715.

9. Weeks JC, Nelson H, Gelber S, Sargent D, Schroeder G. Clinical
Outcomes of Surgical Therapy (COST) Study Group. Short-term
quality-of-life outcomes following laparoscopic-assisted colectomy
vs open colectomy for colon cancer: A randomized trial [comment].
JAMA 2002;287:321.

10. McDougall EM, Clayman RV, Elashry O. Laparoscopic
nephroureterectomy for upper tract transitional cell cancer: The
Washington University experience. J Urol 1995;154:975.

11. Seifman BD, Montie JE, Wolf JS Jr. Prospective comparison 
between hand-assisted laparoscopic and open surgical nephro-
ureterectomy for urothelial cell carcinoma. Urology 2001;
57:133.

12. Shuford MD, McDougall EM, Chang SS, LaFleur BJ, Smith JA
Jr, Cookson MS. Complications of contemporary radical nephrec-
tomy: Comparison of open vs. laparoscopic approach [review].
Urol Oncol 2004;22:121.

13. Ballantyne GH, Svahn J, Capella RF, et al. Predictors of pro-
longed hospital stay following open and laparoscopic gastric by-
pass for morbid obesity: Body mass index, length of surgery,
sleep apnea, asthma, and the metabolic syndrome. Obesity Surg
2004;14:1042.

14. Khauli RB, Hussein M, Hijaz A, Wazzan W. Laparoscopic donor
nephrectomy: Overcoming the learning curve. Transplant Proc
2001;33:2673.

HOLLENBECK ET AL.780



15. Lekawa M, Shapiro SJ, Gordon LA, Rothbart J, Hiatt JR. The lap-
aroscopic learning curve. Surg Laparosc Endosc Percutan Tech
1995;5:455.

16. Schlachta CM, Mamazza J, Seshadri PA, Cadeddu M, Gregoire R,
Poulin EC. Defining a learning curve for laparoscopic colorectal
resections [review]. Dis Colon Rectum 2001;44:217.

17. Voitk AJ, Tsao SG, Ignatius S. The tail of the learning curve for
laparoscopic cholecystectomy. Am J Surg 2001;182:250.

18. Hollenbeck BK, Seifman BD, Wolf JS Jr. Clinical skills acquisi-
tion for hand-assisted laparoscopic donor nephrectomy. J Urol
2004;171:35.

19. Royston CM, Lansdown MR, Brough WA. Teaching laparoscopic
surgery: The need for guidelines [comment]. BMJ 1994;308:1023.

20. Grundfest WS. Credentialing in an era of change [comment].
JAMA 1993;270:2725.

Address reprint requests to:
Brent K. Hollenbeck, M.D.
Dept. of Urologic Surgery

University of Michigan
TC 3875-0330

1500 E. Medical Drive
Ann Arbor, MI 48109-0330

E-mail: bhollen@umich.edu

ABBREVIATION USED

LOS � length of stay.
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