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Objective: The aim of this study was to investigate the outcomes of patients with COPD
after laparoscopic cholecystectomy (LC).

Patients and methods: All COPD patients who underwent LC from 2000 to 2010 were
identified from the Taiwanese National Health Insurance Research Database. The outcomes
of hospital stay, intensive care unit (ICU) stay, and use of mechanical ventilation and life
support measures in COPD and non-COPD populations were compared.

Results: A total of 3,954 COPD patients who underwent LC were enrolled in our study.
There were significant differences in the hospitalization period, ICU stay, and use of
mechanical ventilation and life support measures between the COPD and non-COPD popu-
lations. The mean hospital stay, ICU stay and number of mechanical ventilation days in the
COPD and non-COPD groups were 7.81 vs 6.01 days, 5.5 vs 4.5 days and 6.40 vs 4.74 days,
respectively. The use of life support measures, including vasopressors and hemodialysis, and
the rates of hospital mortality, acute respiratory failure and pneumonia were also increased in
COPD patients compared with those in non-COPD patients.

Conclusion: COPD increased the risk of mortality, lengths of hospital and ICU stays,
ventilator days and poor outcomes after LC in this study.
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Introduction

Laparoscopic cholecystectomy (LC) is a safe and effective treatment for patients
with cholecystitis and is widely applied in clinical settings. LC has become the
treatment of choice for many patients with symptomatic and asymptomatic
gallstones.'

Patients who undergo LC can have a reduced operative time, less scarring, less
pain and blood loss, improved convalescence, a shorter length of hospital stay and
less medical expenditures than those who undergo open cholecystectomy.>

Factors predicting the technical difficulty have to be considered of primary
importance since the conversion to laparotomy is a risk factor for postoperative
respiratory insufficiency in high-risk groups. A previous meta-analysis showed that
male sex, age >65 years, diabetes, acute cholecystitis, degree of gallbladder wall
thickness, and history of upper abdominal surgery were all risk factors for convert-
ing LC to open cholecystectomy.”

Patients with COPD have airway obstructions that are not fully reversible by
bronchodilators, decreased lung elasticity and reduced lung recoil pressure because
of emphysema, which result in increased total lung capacity and pressure on the
diaphragm.
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Bayrak et al® evaluated 60 COPD patients and showed
that spinal anesthesia was better than general anesthesia in
COPD patients who underwent LC because spinal anesthe-
sia causes no impairment of lung function. Although stu-
dies have recognized the safety of LC in COPD patients,
some studies have focused on LC vs open surgery and
general anesthesia vs spinal anesthesia. The aim of our
study was to compare the outcomes of COPD patients and
the general population after LC in clinical practice using
data from a large nationwide unselected population to
assess the length of intensive care unit (ICU) and hospital
stays, mortality, and resource use, including ventilator
days, vasopressor use and hemodialysis. This study repre-
sents a comprehensive comparison of LC between COPD
patients and the general population.

Patients and methods

Data source

Taiwan’s National Health Insurance Research Database
(NHIRD), which is a claims population database, was
used in this study. The claims from NHIRD consist of
disease diagnosis, prescriptions, ambulatory care and surgi-
cal records, outpatient visits, and inpatient care and surgical
operation records. The disease records were identified
according to the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) code.
Encrypted personal identifiers are used in the NHIRD to
protect patients’ privacy and to prevent the possibility of an
ethical violation according to regulations of the Bureau of
National Health Insurance in Taiwan. Because the identifi-
able personal information could not be found in the
NHIRD, an exemption was approved by the Institutional
Review Board of Chi Mei Medical Center.

Definition of study subjects

Patients having first-time surgery for LC from 1997 to 2013
were selected for this study. The order code of the medical
expenditure application for LC was 75215B according to the
rules of Taiwan’s national health insurance. COPD patients
who received LC and were older than 40 years were identi-
fied as the case group. A diagnosis of COPD was based on
the ICD-9-CM codes 490-492 and 496 from the hospital
admission dataset. Patients with COPD diagnosis after LC
and incomplete demographic data were excluded from this
study. The controls were patients without COPD who
received LC. For reducing the potential confounding bias,
cases and controls were 1:8 matched by age and gender with

enough statistical power.® The selection process of the study
subjects is presented in a flow diagram (Figure 1).

Measurements

Age, gender, income, hospital level, comorbidities, and
anesthesia duration of receiving LC records were collected
in this study. Comorbidities were defined following ICD-
9-CM codes: diabetes (ICD-9-CM: 250), hypertension
(ICD-9-CM: 401-405), dyslipidemia (ICD-9-CM: 272), con-
gestive heart failure (ICD-9-CM: 428), atrial fibrillation (ICD-
9-CM: 427.31), stroke (ICD-9-CM: 430-437), malignancy
(ICD-9-CM: 140-208), chronic kidney disease (ICD-9-CM:
403-404, 580-587, 250.4, 274.1,440.1, 442.1, 572.4, 753.1),
peptic ulcer disease (ICD-9-CM: 531-534), and obesity (ICD-
9-CM: 278). The anesthesia duration of receiving LC was also
estimated according to the medical expenditure applications.

Outcome measurements

The primary interesting outcomes were the resource utiliza-
tion, such as length of ICU stay, the length of using mechan-
ical ventilation, and life-support measures among the LC
patients in this study. The life-support measurements
included vasopressor use, hemodialysis and hospital mortal-
ity. Hospital mortality was based on the death records from
the inpatient claims database. In addition, the complications
of LC, such ARF (ICD-9-CM: 518.5, 518.81, 518.82,
518.84) and pneumonia (ICD-9-CM: 480-488), were also
considered to measure the potential effects.

Statistical analysis

Statistical Analysis System (SAS) (version 9.4; SAS
Institute, Inc., Cary, NC, USA) statistical software was
applied for all analyses. The differences between patients
with COPD and those without were estimated using
Wilcoxon rank sum test for continuous variables and
Pearson’s chi-square test for categorical variables.
Logistic regression, which was adjusted all potential con-
founding factors, was used to estimate the associated risk
of length of ICU stay, length of using MV, life-support
measurements, and potential complications. The threshold

for statistical significance was set P<0.05.

Results

A total of 3,954 COPD patients who underwent LC were
enrolled in our study. Among the patients, 32.78% and
33.33% were aged 60-69 and 70-79 years, respectively.
A total of 8.93% of the patients were older than 80 years.

Most patients underwent LC in regional hospitals
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Patients received laparoscopic
cholecystectomy during 1997
to 2013
N=223,826

Excluded:

1.Patients who
diagnosed with COPD
after LC surgery.
2.Patients age less

v
COPD patients
received laparoscopic
cholecystectomy
N=6,632

Age and gender matching

\ 4 . : h 4
COPD patients
received laparoscopic
cholecystectomy
N=3,954

Figure | The selection process of study subjects.
Abbreviations: LC, laparoscopic cholecystectomy; y/o, year old.

(41.81%), followed by medical centers and district hospi-
tals. The most common comorbidity was hypertension
(45.52%), and the second most common comorbidity was
diabetes (29.69%). Most patients had an anesthesia dura-
tion (64%) that was between 0 and 2 hrs. Table 1 shows
the characteristics of patients who underwent LC in the
COPD and non-COPD populations.

Table 2 shows the resources used by the study population.
There were significant differences in the hospitalization per-
iod, ICU stay, and use of mechanical ventilation and life
support measures between the COPD and non-COPD popu-
lations. The mean hospital stay was 7.81 days in the COPD
population and 6.01 days in the non-COPD population. The
mean ICU stay was 5.5 days in the COPD population and 4.5
days in the non-COPD population. The duration of mechan-
ical ventilation was also longer in the COPD population than
in the non-COPD population at 6.40 and 4.74 days, respec-
tively. The use of life support measures including vasopres-
sor use and hemodialysis as well as hospital mortality were
increased in the COPD population compared with those in
the non-COPD population.

Non-COPD patients
received laparoscopic
cholecystectomy
N=210,765

than 40 y/o.
3.Without correct
identification
information.

Non-COPD patients
received laparoscopic
cholecystectomy

N=31,632

Table 3 shows the OR for adverse clinical outcomes
among patients with and without COPD who underwent
LC after adjusting for patient characteristics, including
age, gender, income, hospital level, diabetes, hypertension,
dyslipidemia, congestive heart failure, atrial fibrillation,
stroke, malignancy, chronic kidney disease, peptic ulcer
disease, obesity and anesthesia duration.

COPD is a strong predictor of the length of ICU stay,
duration of mechanical ventilation, acute respiratory fail-
ure and pneumonia after LC with adjusted hazard ratios
and 95% Cls of 2.14 (1.87-2.44), 2.56 (2.22-2.97), 2.86
(2.31-3.53) and 3.97 (3.40-4.64), respectively.

Discussion

Our study showed that patients with COPD had a longer
hospital and ICU stays, a longer duration of mechanical
life
resources, and increased rates of acute respiratory failure,

ventilation, increased use of support medical
pneumonia and mortality.
LC has become the most common and preferred

method for surgery compared with open cholecystectomy.
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Table | Comparison of laparoscopic cholecystectomy in
patients with and without COPD

Table 2 Resource use in the study population

Patient COPD Non-COPD P-value
characteristics (N=3,954) (N=31,632)
No. (%) No. (%)
Age at the time of
surgery (years)
4049 303(7.66) 2,424(7.66) 1.0000
50-59 684(17.30) 5,472(17.30)
60-69 1,296(32.78) | 10,376(32.80)
70-79 1,318(33.33) | 10,544(33.33)
280 353(8.93) 2,816(8.90)
Gender
Female 2,283(57.74) | 18,264(57.74) 1.0000
Male 1,671(42.26) | 13,368(42.26)
Income (NT)
Low (<24,000) 3,709(93.80) | 28,325(89.55) <0.0001
Middle (24,00042,000) | 150(3.79) 1,353(4.28)
High (>42,000) 95(2.40) 1,954(6.18)
Hospital level
Medical center 1,351(34.17) | 14,525(45.92) <0.0001
Regional hospital 1,653(41.81) | 12,093(38.23)
District hospital 950(24.03) 5,014(15.85)
Comorbidities
Diabetes 1,174(29.69) | 6,870(21.72) <0.0001
Hypertension 1,800(45.52) | 11,292(35.70) <0.0001
Dyslipidemia 250(6.32) 1,205(3.81) <0.0001
Congestive heart failure | 286(7.23) 556(1.76) <0.0001
Atrial fibrillation 125(3.16) 4201(1.33) <0.0001
Stroke 182(4.60) 570(1.80) <0.0001
Malignancy 182(4.60) 1,126(3.56) 0.0010
Chronic kidney disease | 331(8.37) 1,256(3.97) <0.0001
Peptic ulcer disease 782(19.78) 3,355(10.61) <0.0001
Obesity 12(0.30) 33(0.10) 0.0030
Anesthesia duration
0-2 hrs 2,534(64.09) | 20,652(65.29) 0.2335
24 hrs 1,296(32.78) | 10,090(31.90)
24 hrs 124(3.14) 890(2.81)

Note: P-values were derived from Pearson’s chi-square test.

LC is associated with a smaller wound, faster operative
time, less incisional pain, and faster recovery than open
cholecystectomy. Although there are many advantages to
laparoscopic surgery compared to open surgery, laparo-
scopy may not be suitable for all patients.

LC and COPD

Gramatica et al’ presented 28 COPD patients who success-
fully underwent LC under epidural anesthesia. Lowndes
et al® used the American College of Surgeons National

COPD Non-COPD | P-value
(N=3,954) | (N=31,632)

Hospital stay, days
Median (IQR) 5(4-8) 4(3-7) <0.0001
-7 days 2,801(70.84) | 25,235(79.78) <0.0001
8-14 days 758(19.17) 4,691(14.83)
>14 days 395(9.99) 1,706(5.39)

ICU stay, days
Median (IQR) 6(2-15) 2(1-4) 0.0083
-7 days 318(81.33) 1,093(86.13) 0.0250
8-14 days 34(8.70) 98(7.72)
>14 days 39(9.97) 78(6.15)

Mechanical

ventilation
Median (IQR) 2(1-7) 2(1-4) 0.0044
1-7 days 247(77.67) 770(88.61) 0.0006
8-14 days 29(9.12) 55(6.19)
>14 days 42(13.21) 64(7.20)

Life support

measures
Vasopressor use 51(1.29) 210(0.66) <0.0001
Hemodialysis 92(2.33) 386(1.22) <0.0001
Hospital mortality 26(0.66) 79(0.25) <0.0001

Note: P-values were derived from Pearson’s chi-square test.

Table 3 OR for adverse clinical outcomes for laparoscopic
cholecystectomy patients with and without COPD

Crude OR Adjusted OR* | P-value
(95% ClI) (95% CI)
ICU stay 2.63(2.33-2.96) | 2.14(1.87-2.44) | <0.0001
Mechanical 3.02(2.65-3.45) | 2.56(2.22-2.97) | <0.0001
ventilation
Life support
measures
Vasopressor use 1.96(1.44-2.66) | 1.37(0.99-1.90) | 0.058I
Hemodialysis 1.93(1.53—2.43) | 0.87(0.65—1.15) | 0.3305
Hospital mortality | 2.64(1.70—4.12) | 1.74(1.08-2.78) | 0.0221
Complication
Acute respiratory | 3.70(3.02—4.53) | 2.86(2.31-3.53) | <0.0001
failure
Pneumonia 5.07(4.37-5.88) | 3.97(3.40—4.64) | <0.0001

Note: *The OR was adjusted by the listed variables.
Abbreviation: ICU, intensive care unit.

Surgical Quality Improvement Program database and

showed that COPD was not a significant predictor of an

operative duration of >60 mins.
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There are some special considerations for access in
patients with umbilical hernias or prior abdominal
surgery’ and obese'® or pregnant patients.'’ Patients with
COPD may need additional pulmonary function tests and
arterial blood gas analyses. Stéphane et al'? created
a preoperative score to evaluate the operative difficulty in
patients undergoing LC and found that male sex, a previous
cholecystitis attack, and laboratory data (fibrinogen levels,
neutrophil counts, and alkaline phosphatase levels) can
predict operative difficulties. However, they did not men-
tion the impact of patient comorbidities. Lowndes et al®
identified some patient factors were related to the operative
duration. In their studies, COPD, cardiovascular disease,
and diabetes were not associated with the operative dura-
tion. However, their study focused on procedural difficulty
and did not mention complications after surgery or utiliza-
tion of medical resources. During the LC procedure, insuf-
flation of the abdomen with carbon dioxide to displace the
abdominal wall from the internal organs can reduce lung
and chest wall compliance. In addition, carbon dioxide can
transfer from the abdominal cavity to the circulation via
peritoneal absorption and excretion from the airways. These
effects may not influence the general population but may
deteriorate lung function in patients with COPD and
increase complications or the length of hospital stay.

Hospitalization and complications
To our knowledge, limited data are available comparing
the complications and medical resource utilization
between COPD and non-COPD populations. Hsieh'?
enrolled 21 COPD npatients, including 20 patients with
mild COPD and 1 patient with moderate COPD, to com-
pare with patients without COPD undergoing LC and
showed that the operative duration and duration of hospi-
talization were similar in both groups. There were also no
pulmonary complications reported in COPD patients.
There was a limited number of patients (21 COPD
patients) included in the previous study. We enrolled 3,954
COPD patients from a nationwide database and comprehen-
sively included COPD patients with 4 different stages of
COPD (mild, moderate, severe and very severe). Our data
showed that COPD patients had a longer duration of hospi-
talization and higher risk of pneumonia and acute respira-
tory failure than patients without COPD. Because of the
underlying destruction of lung structure in COPD, patients
with COPD were more susceptible to pneumonia and acute
respiratory failure than those without COPD, and these

. . - 14
results were also observed in our previous studies.'*'°

Some studies have shown that complications were rare
after LC in patients with COPD. Gramatica et al’ pre-
sented 28 COPD patients who underwent LC with epidural

anesthesia. Pursnani et al'’

performed LC in 6 patients
with obstructive airway disease. However, they enrolled
few cases in these studies, and the patients may have been
specifically selected. The risks of performing LC in

patients with COPD also need more meticulous attention.

PaCO, after LC in COPD

Hsieh'? surveyed patients undergoing LC and found that the
end-tidal carbon dioxide value was significantly higher in
COPD patients than in those without COPD with similar
ventilator settings. However, a previous study'® showed
that COPD patients had similar outcomes to non-COPD
patients. Previous studies have shown that the benefits of
laparoscopy included an improved operative field and faster
mobilization after surgery.'® During LC with carbon dioxide
insufflation into the peritoneal cavity, patients with COPD
exhibited an increased partial pressure of carbon dioxide
(PaCO,) that reached the highest level after extubation and
did not return to baseline levels.'® These physiological levels
may not play an important role in the general population of
patients without chronic lung disease. For patients with
COPD, an increased PaCO, that results in acidosis is
a poor prognosis factor. Acidosis deteriorates hemodynamics
and metabolism and increases mortality in COPD patients.*’
Although our limitations included the lack of data from
arterial blood gas analyses and pulmonary lung function
testing, we thought that PaCO, may increase in patients
with COPD after LC and impacts on outcomes and com-
plications. Meticulous attention should be paid in terms of
preoperative evaluation, medical therapy optimization,
indications for surgery and appropriate patient selection.

Limitations

There are some limitations associated with the retrospec-
tive analysis of the database performed in our study.
First, the most important limitation is the lack of
COPD staging among patients and, therefore, subgroup
analyses. Second, we were unable to review data, includ-
ing arterial blood gas analysis, pulmonary function test-
ing, gallbladder wall thickness, body mass index and the
actual onset of disease, in our database. Our results
represent a comprehensive evaluation of COPD patients
with varying severities of COPD. Third, the operative
time in this study was estimated according to the med-
ical expenditures from the beginning of analgesia to the
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recovery from analgesia and may not reflect the original

data. Fourth, the reason why LC or open surgery was

selected is unknown. Patients may have had contraindi-

cations for LC or economic reasons to elect a specific

procedure. Therefore, selection bias may exist; however,

we anticipate that this bias is similar in both COPD and

non-COPD patients. Fifth, this analysis relied on the

accuracy of both the procedural and diagnostic records.

The diagnosis of COPD has been validated in a previous

study.”’ Despite these limitations, our results compared

the outcomes in COPD patients who underwent LC with
those of patients without COPD.

Conclusion
LC is associated with a longer duration of hospitalization

and a poorer prognosis in COPD patients than in non-

COPD patients. Given the increased prevalence of COPD

and longevity, safer surgical approaches may be of con-

siderable benefit to this population. As age and comorbid-

ities increase, physicians need an appropriate diagnosis

and treatment of COPD prior to LC, considering the higher

postoperative complication rate in this subgroup of

patients.
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