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Abstract

BACKGROUND: Patient factors impact laparoscopic cholecystectomy (LC) difficulty, specifically
operative duration. This study quantifies the impact of patient factors on LC duration.

METHODS: The national surgery database (American College of Surgeons National Surgical Quality
Improvement Program) was reviewed for all elective LC for biliary colic from 2005 to 2013. Multivar-
iate general linear model and logistic regression were used to evaluate patient factors as predictors of
operative duration greater than 60 minutes, adjusted for resident involvement and cholangiography.

RESULTS: A total of 24,099 LC met inclusion criteria. Regression analysis found procedure
duration greater than 60 minutes was less likely for patients age greater than 40 and less than 30
(P <.001) and more likely for men (P < .05), body mass index (BMI) greater than 30 compared with
BMI 18.5 to 24.9 (P < .05), abnormal liver function test (LFT) (P < .05), and higher ASA class
(P < .05). Smoking, cardiovascular disease, chronic obstructive pulmonary disease, diabetes, and
abnormal white blood cell count were not significant predictors.

CONCLUSIONS: Higher BMI, younger age, male gender, higher ASA, and abnormal LFTs are
possible predictors of prolonged LC duration and can aid in operating room scheduling and utilization.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Patient factors including age, body mass index (BMI),
and gender are known to impact the difficulty of laparo-
scopic cholecystectomy (LC) procedures and the risk for
adverse patient outcomes. '

As procedure difficulty increases (eg, sicker patients
and/or more complex cases), operative costs, operative
duration, and surgeon workload may also increase.” ' Many
studies have recognized the importance of integrating
patient factors such as age and obesity into scoring systems
that predict procedure difficulty and conversion-to-open
risk for surgical planning and patient-risk consent.”’ These
predictions may identify prolonged duration of cases to
balance caseload and to maintain patient and surgeon satis-
faction, as well as enhancing operating room (OR) utiliza-
tion. However, existing scoring systems and models require
intraoperative variables such as the presence of scarring and
anatomic abnormalities that limit the application of these
models across institutions and patient populations.

Predicting the duration of a surgical case is notoriously
unreliable and difficult. Both overestimating and underestimat-
ing duration can have negative effects on quality of care,
staffing, hospital efficiency, and surgeon efficiency. In addition,
patient and surgeon satisfaction are negatively impacted when
cases are delayed.” Current practice often involves computer al-
gorithms that use historical durations for common Current Pro-
cedural Terminology (CPT) codes as a predictor for operative
duration,q 19 \hich is not sufficient. For example, one large
nonprofit institution uses institutional experience for each
CPT code and augments this with surgeon-specific experience
using a computer-based platform. Similarly, other studies
have noted improvements with models adjusted for complexity
and/or allowing the surgeon to modify the predicted duration.''
'3 Although better than subjective predictions, these systems
remain imperfect and result in high variability and lost effi-
ciency.'*"” Efforts are being made to improve these models;
however, limited work has been published on using patient-
specific factors to predict operative duration. Yet, it is known
that patient factors are predictive of complications.'® Therefore,
improving the prediction of operative duration based on patient-
specific factors has the potential to increase OR efficiency and
utilization and reduce cost.

Patient-factor driven models for operative duration will
be especially helpful in providing health systems a tool to
better understand operative difficulty and workload. By
predicting case difficulty, a flexible tool can be developed
to allow health systems to better adapt to changing popu-
lation demographics. The population in the United States is
aging with individuals older than aged 65 years expected to
exceed 19% by 2030."” In addition, the prevalence of
obesity in the country has increased over the past 20 years
with over 30% of Americans classified as obese.'® As pop-
ulation demographics change,'”'® their impact on surgical
duration and difficulty will similarly be affected; however,
demographic trends for LC patients are unknown, and the
associated impact on procedural difficulty is not clear.
Therefore, an analysis of a national database could help

identify readily available patient factors that are more
predictive of prolonged LC across geographic areas and
between multiple institutions.

The purpose of this study is to identify patient factors
that impact operative duration using a large, multicenter
database. The specific aims of this study include:
(1) defining a patient-factor based risk model for LC
patients using the American College of Surgeons National
Surgical Quality Improvement Program (ACS-NSQIP)
database, (2) evaluating distributions of LC patient factors
over time, and (3) applying the patient-factor model to the
NSQIP data to determine the impact on surgical duration.
We hypothesize that this information, in conjunction with
future prospective studies, could help further understanding
on procedural difficulty and aid in surgical planning
through OR scheduling and utilization.

Methods
Data source

Data were queried from the ACS-NSQIP database.
NSQIP collects data on 135 variables for patients undergoing
surgical procedures. Currently, over 600 hospitals participate
in the program. Specific details regarding data collection and
outcome variable definitions are available on the NSQIP
website (https://www.facs.org/quality-programs/acs-nsqip).

Patient factors for model

Factors for inclusion in the model were identified from a
review of previous works quantifying the relationship
between patient factors and measures of procedure diffi-
culty, eg, operative duration and probability of conversion
to open, were identified (Table 1). From the 13 applicable
articles,” """ the following demographics and preoper-
ative patient factors were used in the model (predictor used
in other models [statistically significant predictor in other
models]): gender (11[3] of 13 articles), age (11[4] of 13),
BMI (11[6] of 13), American Society of Anesthesiologists
(ASA) class (3[1] of 13), diabetes mellitus (3[1] of 13),
white blood cell count (WBC; 4[3] of 13), and LFT (3[2]
of 13). Therefore, these 7 patient factors were included in
our model along with chronic obstructive pulmonary
disease (COPD) and smoking. Ultrasonography factors
such as identified gallstones, contracted gallbladder, peri-
cholecystic fluid collection, and impacted stone were addi-
tional patient factors that were potentially predictive of a
difficult procedure.‘gf7 In addition, other clinical measures
including medical history (abdominal scarring and previous
abdominal surgery) and physical examination (palpable
gallbladder and abdominal tenderness) were potential pa-
tient factor predictors of a difficult procedure. However,
the variables of ultrasonography and history of present
illness are not available in NSQIP.
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Table 1 Summary of patient factors difficulty predictors from Lliterature
Author Clinical factors Ultrasonography factors Intraoperative factors
Lal et al GB wall thickness,* contracted GB,*

Randhawa J. S.
upper abdominal surgery, palpable GB*

Vivek M. A. K. M. Age,* sex,* previous upper abdominal
et al 2014 surgery,* BMI >30,* abnormal LFT,*

previous attacks,* cirrhosis,* previous
upper abdominal surgery*

Gupta N. Age, sex, BMI, hospitalization,* palpable
GB*

Prabhu R. Y. Sex, BMI >30, history of acute
cholecystitis

Rosen M. Age,” BMI,* acute cholecystitis,* WBC,*
bilirubin,* tender right
upper quadrant,* ASA,* CVD, DM

Hussain A. Age, sex, BMI >30, previous upper
abdominal surgery, cirrhosis

Kahn I. A. Age, sex, WBC, timing of onset of
symptoms

Lee N. W. Age,* sex,* BMI, DM* previous
upper abdominal surgery*

Kama N. A. Age, sex,* BMI,* abdominal tenderness,
previous abdominal surgery,* WBC,* LFT

Dhanke P. S. Age, sex, BMI >27.5,* palpable GB,*

hospitalization*

Alpont et al. Age, sex, BMI, ASA, LFT,* WBC,* previous

abdominal surgery, right upper quadrant

tenderness,* CVD, cirrhosis, DM
Abelson J. et al
previous abdominal surgery*

Age, sex, BMI,* hospitalization,* previous

Age,* sex, race, BMI* (>80 kg), ASA, LFT,*

impacted gallstones,* and CBD
stones*

Pericholecystic collection, impacted
stone, impacted stone, GB wall
thickening*

Multiple stones,* distended GB*

Thickened GB wall (>4 mm),*
impacted stone*, pericholecystic
collection, impacted stone

Wall thickness >3 mm, contracted GB,
dilated CBD (>6 mm)

GB wall thickness*

GB wall thickening, CBD >6 mm,
pericholecystic collection,
impacted stone

GB wall thickening

Pericholecystic collection,*
GB wall thickening*
GB wall thickening*

Impacted stone,* pericholecystic
collection,* GB wall thickening*
GB wall thickening*

Abdominal scarring

Adhesions, anatomic
abnormalities, *
inflamed GB

Adhesions

Anatomic
abnormalities

GB inflammation

Adhesions

Number of stones, size
of stones

ASA = American Society of Anesthesiologists; BMI = body mass index; CBD = common bile duct; CVD = cardiovascular disease; DM = diabetes mel-

litus; GB = gallbladder; WBC = white blood cell count.

*Statistically significant at P < .05. Other variables were either not significant, or not tested in a statistical model for these studies.

Design of the database sample

The ACS-NSQIP was reviewed for all laparoscopic
cholecystectomies from 2005 to 2013. Patients with CPT
codes for laparoscopic cholecystectomies (47,562 or
47,563) and with a diagnosis of calculus of the gallbladder
without cholecystitis (termed biliary colic, International
Classification of Disease (ICD)-9 diagnosis code 574.2)
were included in the analysis.

Exclusions

In an attempt to minimize ambiguity of diagnosis,
patients with any of the following preoperative conditions
were excluded: emergent operation (n = 1,308), only the
resident performing the case (n = 12), ASA class 5
(n = 3), being ventilator dependent (n = 9), in severe
sepsis or septic shock (n = 512), current pneumonia

(n =

10), open wound or wound infection (n =

112),

acute renal failure (n = 15), greater than 4 units red blood
cells in prior 72 hours (n = 20), preoperative dialysis
(n = 122), and disseminated cancer (n = 78). To reduce
confounding and to create a sample population that best
represents elective operations, we excluded all patients
with concurrent operations except: exploratory laparotomy
(proxy for conversion to open), intraoperative cholangiog-
raphy, lysis of adhesions, or stone retrieval procedures
(n = 1,943 excluded).

Demographic characteristics

Patient demographic characteristics identified and catego-
rized, included gender, age (<30, 30 to 39, 40 to 49, 50 to 59,
60 to 69, and 70+ years), year of operation, ASA class (1-no
disturb, 2-mild disturb, 3-severe disturb, and 4-severe disturb
with constant threat to life), COPD, diabetes mellitus,
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smoking, and BMI (<18.5, 18.5 to 24.9, 25.0 to 29.9, 30.0 to
34.9, 35.0 to 39.9, and 40+ kg/m?). Abnormal preoperative
bilirubin (defined as >1 mg/dL), alkaline phosphatase
(defined as >150 IU/L), and AST (aspartate aminotrans-
ferase, abnormal defined as >40 U/L) were used as a proxy
for liver function test (LFT) or liver disease. Preoperative
WBC was also examined, and abnormal WBC was defined
as > 12. History of myocardial infarction 6 months before sur-
gery, previous percutaneous coronary intervention, history of
angina in the 1 month before surgery, or previous cardiac sur-
gery was used as a proxy for cardiovascular disease (CVD).

Outcome variables

The primary outcome considered in this study was
operative duration greater than 60 minutes, a consistent
measure of LC difficulty "~ that was available in the NSQIP
database. Other previously published difficulty outcome
measures for LC such as conversion to open and bile or stone
spillage were not available in the NSQIP database.

Statistical analysis

Multivariate general linear model-analysis of variance
was completed to compare patient factors with the depen-
dent variables age and BMI and the independent variables
gender and year (o0 = .05). Binary logistic regressions were
used to analyze the relationship between the dependent
factor of operative duration with 13 predictors at a
threshold for significance of o = .05.

ACS-NSQIP is well known for having missing data,
particularly for laboratory values as they are not always
ordered by the physician. Because of missing data, 3 separate
analyses were conducted to understand the impact these
missing data may have on the conclusions: (1) excluding
patients with any missing data (final n = 11,217), (2) keeping
all patients and creating a separate level for each predictor for
missing factors (n = 23,986), and (3) multiple imputation
(n = 22,799) as suggested for NSQIP by Parsons et al 2011.>’
The multiple imputation (MI) method estimates missing vari-
ables using variables with known values available for each
patient. MI with 5 imputations was performed for predictors
missing more than 1% of data, ie, BMI (2.4%), abnormal
WBC (16.5%), abnormal LFT (21.7%), and attending super-
vision (34.5%). Imputation was not performed for variables
missing less than 1%, ie, sex (.27%) and ASA (.14%), or the
dependent variable. Logistic regression parameters from MI
method were pooled to estimate the effect of each parameter.

Results

Patient factors distribution and operative
duration

Between 2005 and 2013, a total of 24,099 cases of LC
for biliary colic were identified. The gender distribution

remained consistent with females making up at least three-
fourths of the LC cases. The percent of patients that were
male varied between 21.0% and 23.4% over these 8 years
but no specific trend was noted.

Patient age differed statistically across the 8-year study
period (P = .048). The percentage of NSQIP LC patients
above aged 65 years ranged from 10.2% to 15.4% for
women and between 22.2% and 29.1% for men over the
course of the study with random variation year to year
and no trend during this time period. Although patient
BMI differed across the years with higher percentages of
both females and males over 30 kg/m? in 2013 (52.2%
and 45.2%, respectively) than in 2005 (51.6% and 31.5%,
respectively), there was no statistical significance. In addi-
tion, over the entire 8 years, there were more women than
men with a BMI above 30 (P < .001), and the patient
age distribution varied between women and men
(P < .001) with more men over 65 years of age. In
Fig. 1, this is demonstrated by the separation between the
two trends over the 8 years as the percentage of males
with a high BMI grows faster than the percentage of
women.

Between 2005 and 2013, operative duration for the LC
procedures exceeded 60 minutes for 40% to 60% of cases
with a mean * standard deviation of 70.0 = 39.8 minutes
for men and 64.1 = 34.4 minutes for women.

Model for predicting procedure duration

Because of missing data in the database, the logistic
regression was run with 3 different methods of handling

.. . . . 27
missing data according to previously described methods.
The models excluding patients with missing data, imputing

BMmI
Category
M <30
N>30
o 58.8%|57.3%53.7%[57.2%54.5% [ 40,155.0%|54.8%
c 68.5% -
8 =
g )
S o
o
@
o
3
o
o
s
51.19%[48.8%[49.0%]48.3%[5
-
-
s z
2 3
s B
o L]
20.0%-

0.0%~

2005 2006 2007 2008 2009 2010 2011 2012 2013
Operation Year

Figure 1 ACS-NSQIP LC patient BMI distribution by gender
and operation year (operyr) 2005 to 2013. Percentage of NSQIP
LC patients with BMI greater than 30 kg/m? by gender This graph
displays the percent of male and female LC patients who are obese
(BMI over 30 kg/mz) in the NSQIP database between 2005 and
2013. A higher percentage of females are in the obese category
throughout the sampled years.
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missing values, and creating separate variable categories for
missing data resulted in areas under the curve of .71, .65,
and .68, respectively. Due to few, minor differences in re-
sults, the method of including missing data as a separate
category when necessary was selected.

Age, gender, BMI, ASA, and abnormal LFT were
statistically significant factors in the logistic regression
model for patient factors predicting prolonged procedure
duration, defined as operative duration greater than
60 minutes (Table 2). The highest patient factor odds ratios
for prolonged surgical duration was 1.96 times higher for

patients with a BMI over 40 compared with a healthy
BMI (18.5 to 24.9 kg/m?* P < .001). The patient factors
of smoking, COPD, diabetes, and abnormal WBC were
not statistically significant.

Procedure duration was also influenced by nonpatient
factors. Odds for longer procedures were 1.77 times higher
for LC procedures with cholangiography (CPT code
47,563) vs no cholangiography (CPT code 47,562;
P <.001). Patients were 4.55 times as likely to have a pro-
longed procedure when a resident was assisting the
attending (P < .001).

Table 2 Linear regression model for LC patient factors from ACS-NSQIP 2005 to 2013
Results
N, total % Of category with prolonged 0dds 95% confidence

Predictors (n = 24,032) procedure time (>60 minutes) ratio interval
CPT*

47,563 4,995 58.3 177" 1.66-1.90
Attending'

Attending & resident in OR 11,305 58.9 4,55" 4.20-4.93

Missing 8,260 46.5 2.71% 2.49-2.94
Age, y*

30-39 4,684 49.7 1.00 .92-1.10

40-49 4,773 47.7 .88 .81-.96

50-59 4,450 49.7 .96 .87-1.05

60-69 3,272 45.6 77" .70-.86

70+ 2,528 45.3 .75" .66-.84
Male 5,462 53.0 1.35 1.27-1.45
BMI’

18.5-24.9 4,565 43.5 .96 .74-1.25

25-29.9 7,077 45.4 1.08 .99-1.16

30-34.9 5,509 47.8 1.20% 1.10-1.30

35-39.9 3,174 51.2 1.35% 1.23-1.49

40+ 2,839 60.4 1.96" 1.76-2.18

Missing 567 56.4 1.37" 1.14-1.65
ASA!

Class 2 14,978 47.4 1.07 .98-1.16

Class 3 5,286 53.2 1.25" 1.13-1.39

Class 4 280 58.2 1.57* 1.19-2.06
LFT

Abnormal 3,403 56.3 1.22" 1.12-1.32

Missing 5,218 41.8 .79* .73-.86
Smoker 4,381 49.7 .99 .92-1.06
CvD 96 43.8 .64 42-.99
COPD 507 46.2 .83 .68-1.00
Diabetes 2,360 52.6 .92 .84-1.01
WBC

Abnormal 1,076 50.7 .98 .86-1.11

Missing 3,952 43.2 .94 .86-1.03
No other CPTY 23,131 47.9 .54 47-.63
Constant 457

ASA = American Society of Anesthesiologists; BMI = body mass index; CPT = Current Procedural Terminology; COPD = chronic obstructive pulmonary
disease; CVD = cardiovascular disease; WBC = white blood cell count.

*0dds ratios compared with CPT code 47,562.

t0dds ratios compared with attending only.

*0dds ratios compared with less than 30 years of age.

$0dds ratios compared with BMI less than 18.5.

lodds ratios compared with ASA class 1. Y0dds ratios compared with an additional CPT code.

p < .05.
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The resulting regression model was statistically signi-
ficant in predicting a prolonged LC procedure (27,
n = 23,986) = 2451.42, P< .001. Cases with observed
operative duration less than 60 minutes were classified
correctly 62% of the time, whereas cases with observed
operative duration greater than 60 minutes were classified
correctly 63.3% of the time. Fig. 2 displays the sensitivity
of the model and the receiver operating characteristic curve
for the regression model with an included area under the
curve of .68.

Comments

Age, gender, BMI, ASA, and abnormal LFT are signif-
icant predictors of difficult procedures, defined as operative
duration over 60 minutes. Despite their inclusion in other
available predictive models, COPD, diabetes, smoking,
WBC, and cardiovascular disease were not statistically
significant in this regression model as predictors of
prolonged operative duration. Although some of these
factors were included in some models, they were not
significant factors in all studies as there was low agreement
for these factors among studies as displayed in Table 1 (ie,
3 of 13 for diabetes). It is possible that other patient factors
or patient independent factors not previously described may
be more important in predicting prolonged operative dura-
tion and difficult operations.

The population in the United States is becoming older'’
and more obese,'&28 and similar trends were found in
patient factors for LC patients, which could increase the

084

o
|

Sensitivity

3

021

T T T
00 02 04 06 08 10

1 - Specificity

Figure 2 ROC curve for linear regression model displaying the
true positive (Sensitivity) and false positive (1-Specificity) rate for
the model compared to the 45-degree diagonal line. This is the
receiver operating characteristic curve for the linear regression
model of the patient factors model applied to the LC NSQIP pa-
tients between the years from 2005 to 2013.

number of difficult cases which in turn decrease both
patient satisfaction and provider health.*”*~" In the years
analyzed in this study, the percent of patients with a BMI
over 30 increased by nearly 12% for males and remained
relatively constant females (Fig. 1). This trend may be a
concern for the providers, as this change in the patient pop-
ulation could increase the chance of higher procedural dif-
ficulty. Although the trend is consistent with the increasing
BMI in the US population overall, the magnitude of the in-
crease in overweight LC patients is larger than what we
would expect from the population data.”® These more diffi-
cult procedures may impact the health care system by pre-
venting the lowest procedure costs and increasing the
patients’ risks of complication.

In addition to the impact of BMI, both gender and age
were important patient factors for predicting difficult LC
based on operative duration. For the impact of age on the
difficulty of the LC procedures, it was expected that older
age increased the odds of a difficult LC.?*?! However, our
analysis suggests that younger age is actually more predic-
tive of a difficult procedure. We hypothesize that this could
be because of other patient factors that may be associated
with age as there appears to be some collinearity in the
model (such as between age and ASA). In addition, younger
patients may delay treatment because of covering up pain or
holding out longer before the operation, leading to increased
inflammation while older patients may recognize the symp-
toms and seek treatment sooner. Further research is needed
to better understand if another factor is actually the cause of
this relationship between age and extended operative dura-
tion and if age is just a confounding factor. There is contro-
versy in the literature about using gender as a predictor of
LC procedural difficulty with research both support-
ing”**??? and refuting” its impact. It is hypothesized that
the increased difficulty with male patients may be because
of increased adhesions.”” Because adhesions have been
identified as possible predictors of a difficult proce-
dure,”'”*® further studies are warranted to investigate po-
tential interactions between adhesions and gender on
procedural difficulty. This is critical as there was an
observed imbalance in the gender distribution consistent
with the literature with between 60% and 80% of LC pa-
tients being female.”*** However, if the age and BMI of pa-
tients undergoing LC continue to follow the same trends, the
number of difficult procedures may also increase.

We propose that our model, which uses readily available
presurgical patient factors, is an effective tool for predicting
operative duration. In addition, this can be used to estimate
procedural difficulty. Although the model does not contain
ultrasonography’ and intraoperative factors published in
previous studies,'”° preoperative; these readily available
factors like age, sex, BMI, ASA, and LFT may be valuable
predictors of difficult LC procedures. An added benefit is
that the factors used in this model can be readily obtained
from national databases and or other institutional data sets.
Despite the respectable ROC curve (.68), the model could
potentially be improved by including more postsurgical
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patient factors and by including more descriptions of diffi-
cult procedures, such as conversion rate, which have been
used in other models.”*?">*> However, in this model, we
were looking at prediction with data available before the
surgery, not fitting retrospective data. We recommend that
this model be validated with an institutional retrospective
review and/or other national databases using the data avail-
able before surgery.

Although the LC procedure is a fairly routine procedure
that is performed in high volumes, an increase in difficult
procedures, as defined by operative duration over 60 minutes,
will inherently expose the surgeons and hospitals to a higher
workload.””*” The patient-factor-based model can provide a
tool sensitive to operative duration and can be used to help
address the significant challenge that the unexpected varia-
tions in operative duration pose to hospitals worldwide. The
potential to improve efficiency in regard to surgical sched-
uling and OR utilization would have significant implications
for the surgeon, the patients, and the health system. A better
understanding of the patient factors that lead to LC procedural
difficulty and how the resulting operative duration may lead to
increased surgeon workload will aid in accurate caseload
balancing systems and optimal patient safety practices. Surgi-
cal scheduling systems that use patient factors could poten-
tially be used to maximize a surgeon’s caseload with a
significant impact given that even small improvements in uti-
lization rates have the potential to greatly reduce cost and may
even improve patient, surgeon, and staff satisfaction with bet-
ter operative scheduling. Further research using institutional
factors is needed to improve the predictive ability of the model
at a particular institution before it can be applied to clinical
practice; however, we feel this national database study pro-
vides important baseline data that will be useful when
designing future studies and quality improvement projects.

Limitations

This study was limited by the availability of patient
factors in the NSQIP data including ultrasonography and
intraoperative conditions, which other models have found
to be highly predictive. Because of the coding system in
NSQIP, single port and transvaginal procedures could not
be identified. Although it is anticipated that the quantity of
these procedures are small, the presence of these
procedures in the data set may skew some of the results.
In addition, our focus on LC was narrow and future studies
looking at a variety of indications as well as concurrent
procedures may be beneficial. Large databases such as the
one used in this study often contain missing data which
may potentially introduce bias. However, to reduce some of
the bias, imputation, exclusion of missing data, and the
inclusion of missing data as a separate category were all
considered, resulting in 3 regression models with very
similar findings. In addition, as NSQIP is a sample of LC
procedures in the United States and the data are limited by
the institutions that are included in this reporting process

and their sampling strategy, international data, and data
from nonparticipating institutions may impact the model.
Using operative duration as the only measure of LC
procedural difficulty is not the most accurate or inclusive
definition of difficulty; however, it is what can be done with
the NSQIP data base. An institutional study is needed to
include other LC difficulty measures such as conversion to
open, bile spillage, and stone spillage; which are postsur-
gery predictors of extended surgical duration and proce-
dural difficulty as noted in Table 1. The inclusion of these
measures may impact the predictive power of different
patient factors and improve estimates of error or sensitivity
for predicting procedural difficulty. At last, while beneficial
for predicting LC duration, this model is not predictive for
other operations. However, similar models looking at other
common operations may be worth developing.

Conclusions

Patient-specific factors including increased BMI,
decreased age, male gender, increased ASA, and abnormal
LFT are significant predictors of prolonged LC duration and
may be indicators of increased procedural difficulty. As a
regression model, when applied to NSQIP LC patients, the
model is able to differentiate between operative duration
above and below 60 minutes and therefore provide infor-
mation for surgical planning and potentially improve both
patient and provider satisfaction as well as OR utilization.
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