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Abstract

AIM: To present and integrate findings of studies in-
vestigating the effects of laparoscopic cholecystectomy
on various aspects of lung function.

METHODS: We extensively reviewed literature of the
past 24 years concerning the effects of laparoscopic
cholecystectomy in comparison to the open procedure
on many aspects of lung function including spirometric
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values, arterial blood gases, respiratory muscle perfor-
mance and aspects of breathing control, by critically
analyzing physiopathologic interpretations and clinically
important conclusions. A total of thirty-four articles
were used to extract information for the meta-analysis
concerning the impact of the laparoscopic procedure
on lung function and respiratory physiopathology. The
quality of the literature reviewed was evaluated by the
number of their citations and the total impact factor
of the corresponding journals. A fixed and random ef-
fect meta-analysis was used to estimate the pooled
standardized mean difference of studied parameters for
laparoscopic (LC) and open (OC) procedures. A crude
comparison of the two methods using all available in-
formation was performed testing the postoperative val-
ues expressed as percentages of the preoperative ones
using the Mann-Whitney two-sample test.

RESULTS: Most of the relevant studies have investigat-
ed and compared changes in spirometric parameters.
The median percentage and interquartile range (IQR)
of preoperative values in forced vital capacity (FVC),
forced expiratory volume in 1 s and forced expiratory
flow (FEF) at 25%-75% of FVC (FEFzs%75%) expressed
as percentage of their preoperative values 24 h after
LC and OC were respectively as follows: [77.6 (73.0,
80.0) L vs 55.4 (50.0, 64.0) L, 2 < 0.001; 76.0 (72.3,
81.0) L vs 52.5 (50.0, 56.7) L, P < 0.001; and 78.8
(68.8, 80.9) L/s vs 60.0 (36.1, 66.1) L/s, P = 0.005].
Concerning arterial blood gases, partial pressure of
oxygen [Pa0: (kPa)] at 24 or 48 h after surgical treat-
ment showed reductions that were significantly greater
in OC compared with LC [LC median 1.0, IQR (0.6,
1.3); OC median 2.4, IQR (1.2, 2.6), P = 0.019]. Fewer
studies have investigated the effect of LC on respira-
tory muscle performance showing less impact of this
surgical method on maximal respiratory pressures (P <
0.01); and changes in the control of breathing after LC
evidenced by increase in mean inspiratory impedance (P
< 0.001) and minimal reduction of duty cycle (P = 0.01)
compared with preoperative data.
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CONCLUSION: Laparoscopic cholecystectomy seems
to be associated with less postoperative derangement
of lung function compared to the open procedure.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Laparoscopic cholecystectomy does not dam-
age the abdominal muscles and diaphragmatic func-
tion is significantly less affected compared to the open
method. This procedure is accompanied by a lower
impact on respiratory function and better oxygenation.
Mobilization can occur within the first twenty-four h
postoperatively, thus preventing the formation of atel-
ectasis. Atelectasis is known to be the primary cause of
infective sequelae, which are associated with increased
morbidity and mortality especially for patients with de-
ranged lung function.

Bablekos GD, Michaelides SA, Analitis A, Charalabopoulos
KA. Effects of laparoscopic cholecystectomy on lung func-
tion: A systematic review. World J Gastroenterol 2014; 20(46):
17603-17617 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i46/17603.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.146.17603

INTRODUCTION

According to the literature! ", patients who undergo ma-
jor surgical procedures often develop postoperative respi-
ratory complications including atelectasis and infection.
In particular, for upper abdominal surgery, the morbidity
and mortality range from 20%-25%"" and 3%-5%"",
respectively. The aforementioned complications are also
more frequently associated with operations in the upper

abdomen than in the lower abdomen™"". Tn 1933 Beech-
8,12
er

(7

was the first to study changes in lung volumes in
a pool of sixty-four patients between laparotomy and
recovery by using a nitrogen powered device. Specifi-
cally, he observed that variables such as residual volume
(RV), functional residual capacity, total lung capacity and
vital capacity (VC) were reduced after surgical interven-
tion, all of which gradually recovered within a week™'.,
Compatred to patients recovering from lower abdominal
surgery, the change in VC was more acute for patients
recovering from upper abdominal surgery™?. Moreover,
it was reported for the first time™'? that changes in lung
volumes wete accompanied by a pattern of rapid shallow
breathing, namely a decrease in tidal volume along with
an increase in breathing frequency without any changes
in minute ventilation.

The impact of upper abdominal surgery on respira-
tory function parameters, including lung volumes, flow
rates, arterial blood gases and diaphragmatic function,
was investigated in a number of studies™”'""*" pub-
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lished during the seventies and eighties. Since 1990 the
laparoscopic surgical method has been introduced for
asymptomatic cholecystitis and cholelithiasis and the
first laparoscopic cholecystectomy (LLC) was performed
in Lyon, France, by Philip Mouret in 19871, During the
last twenty-four years a number of comparative stud-
ies" ™ have been published in the literature on L.C and
open cholecystectomy (OC), in which the influence of
each surgical method on morbidity related to both respi-
ratory functions and recovery outcomes of patients were
discussed. In this systematic review a three-fold aim is
presumed: (1) to perform a systematic review of compar-
ative studies between LC and OC, published in the rel-
evant literature since 1990, by examining changes in the
pulmonary function, breathing pattern and oxygenation
status; (2) to present an overall physiopathological inter-
pretation of the findings from the literature search; and (3)
to present guidelines addressed to general physicians and
surgeons for the management of cholecystectomy candi-
dates with impaired lung functions.

MATERIALS AND METHODS

Two different literature searches were conducted for this
review, and both searches covered from 1% January 1990
to present. The PubMed (National Library of Medicine/
National Institute of Health, United States) database was
used.

The key words and research terms used for the selec-
tion of articles were determined by one of the investiga-
tors (Bablekos GD). The methodology concerning this
approach is described as follows. The aim was to explore
comparative studies between laparoscopic and open cho-
lecystectomy focusing on their influences on the respira-
tory performance and oxygenation status in operated pa-
tients from the eatly postoperative period to their return
to usual daily activities. Particulatly for the first literature
search a generic term such as open was used, and (lapa-
rosc or endosc or minimally invasive) was used as the
prerequisite term. Then, the prerequisite term was com-
bined with the following terms with the AND operator:
Abdomen/Viscera (Mesh) ot surgery (Mesh)/surgery or
[digestive system (Mesh) + surgery] or cholecystectomy
(Mesh), Laparoscopic (Mesh) or Endoscopy (Mesh), Di-
gestive System (Mesh) or Digestive system Sutgical pro-
cedures (Mesh) or abdominal pain (Mesh) or abdominal
wall (Mesh). The results from the above searches were
combined with the following terms with the AND opera-
tor: Alveolar-arterial difference or arterio-alveolar differ-
ence, Oxygen content, Oxygenation status, Respiratory
Physiological Phenomena (Mesh), Respiratory Function
Tests (Mesh), Hydrogen Ion Concentration (Mesh), Re-
spiratory function, Respiratory physiopathology, Partial
Pressure (Mesh), Blood gas analysis (Mesh). All results

were combined with the OR operator and forty-one ar-
17-32,36-39]

ticles were detected. Twenty studies! were selected
by the primary investigator (Bablekos GD) for review

and analysis because their titles and abstracts were related
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Table 1 Description of the baseline characteristics for the articles selected from the first literature search

Ref. Baseline characteristics

Frazee et al"”

Comparative measurements of FVC, FEV1 and FEFasu7s% variables preoperatively and on the 1¥ postoperative day after LC
and OC

Hall et al™ Comparison of the incidence of postoperative pulmonary complications (collapse/consolidation, unexplained temperature >
38 ‘C and positive sputum microbiology) after LC and OC

Comparative measurements of the FVC, FEV1, Tiffeneau index, PEF and MEFzs« variables before and 24 h after LC and OC
Comparative meta-analytic study focusing on the evaluation of the Tiffenneau index after LC and OC

Comparative measurements for FVC, FEV1, Tiffenneau index and ABGs variables preoperatively and on the first day after LC
and OC

Comparative measurements for FVC, FEV:1, FRC and ABGs variables preoperatively and up to the 3" postoperative day after
LCand OC

Comparative measurements for FVC, FEV1, PF, ABGs, urinary cortisol, vanillylmandelic acid, metanephrines and nitrogen
loss, CRP, ESR and pain analogue scale preoperatively and up to 48 h after LC and OC

Comparative measurements for FVC, FEV1 and Maximum Forced Expiratory Flow Rate preoperatively and after LC and OC,

Coskun et al™
Damiani ef al®
Osman et "

Putensen-Himmer ef al™

Mealy et al™

Williams et al™
according to patient’s cooperation

Comparative measurements for FVC, FEVi and ABGs variables before surgery and 2 h and the first day after LC and OC
Comparative measurements for FVC, FEV1, FRC, FEF2s%-75% and ABGs variables preoperatively and on the second day after LC
and OC

Comparative measurements for FVC, FEV1, Peak Flow Velocity and arterial oxygen tension variables and measurements for
plasma concentrations of catecholamines, cortisol and glucose preoperatively, in the recovery room and on the first day after
LCand OC

Comparative measurements for FVC, FEV1, FEF2s%-75%, Peak Expiratory Flow and ABGs variables preoperatively and on the
first day after LC and OC

Gunnarsson et al™

Karayiannakis et al”"

Hendolin et al™”

Hasukié et al™

Bablekos et al®

Ravimohan et al®”

Comparative measurements of lung volumes (FVC, VC, ERV, IC, FRC, RV/TLC variables), flow rates (FEV1, Tiffenneau
index, PEF, FEFx% 7% variables) and ABGs parameters preoperatively, on the 2™ and on the 8" day after LC and OC
Comparative measurements for FVC, FEV1, FEF2s%75%, PEF, Tiffenneau index and ABGs parameters preoperatively, on the
first and on the sixth postoperative day after LC and OC

Bablekos et al™ Comparative measurements of Control of Breathing indices (VT, BF, TI, TI/ TTOT, Po.1, Zminsp) and airway resistance (Raw)
preoperatively, two days and eight days after LC and OC

McMahon et al™ Minute ventilation, arterial carbon dioxide tension, end-tidal CO: tension, peak airway pressure and arterial oxygen levels
were studied just before operation and at the time of gallbladder removal during LC and OC

Mimica et al®™ Examination of the influence of physical therapy on both the values of respiratory parameters, such as FVC, FEVj, Tiffenneau
index, and ABGs variables preoperatively and to the sixth day after LC and OC

Farrow et al” The authors showed that LC is associated with significantly less morbidity compared with OC. Variables such as FVC and

FEV1 along with the occurrence of postoperative pulmonary complications and narcotic doses were studied preoperatively to
the third day after LC and OC
Redmond et al™ Parameters determining the immune function such as monocyte superoxide anion (O2) and tumor necrosis factor release, neu-
trophil Oz levels and chemotaxis, serum cortisol and CRP were studied prior to surgery and on the first and third days after
LCand OC

Kimberley et al® FVC, FEV1, Maximum voluntary HGS and MIP were studied preoperatively and on the first day after LC and OC

FVC: Forced vital capacity (L); VC: Vital capacity (L); ERV: Expiratory reserve volume (L); IC: Inspiratory capacity (L); FRC: Functional residual capacity
(L); FEV1: Forced expiratory volume in one second (L); FEF2%75%: Maximal-mid expiratory flow rate (L/s); PEF: Peak expiratory Flow (L/s); MEF2s%: Maxi-
mal expiratory flow in the first 25% of the FVC (L/s); Tiffenneau index: FEV1/FVC (%) ratio; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate;
ABGs: Arterial blood gases; VT: Tidal volume (L); BF: Breathing frequency (breaths per minute: bpm); TI : Inspiratory time (s); TI/ TTOT: Duty cycle; Po.1 :
Central respiratory drive (cmH20); Zminsp: Mean Inspiratory Impedance (cmH20/L.s); Raw: Airway resistance (cmH20. L-1.s); LC: Laparoscopic cholecys-

tectomy; OC: Open cholecystectomy; HGS: Handgrip strength; MIP: Maximal inspiratory pressure.

to our study and could be used to support the medical
interpretation of the findings resulting from the search
process. The descriptions of the baseline characteristics
for the aforementioned 20 articles, along with their refer-
ence number as an exponent, are provided in Table 1.
The second literature search was performed with dif-
ferent combinations. The main items were cholecystec-
tomy and laparoscopic with subheadings such as adverse
effects and contra-indications. By using AND the above
items were combined with the following Mesh terms:
(1) respiration (subheadings: abnormalities, pathology,
physiology and physiopathology); (2) lung (subheadings:
abnormalities, injuries, pathology, physiology and physio-
pathology); (3) respiratory Physiological Phenomena (sub-
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headings: abnormalities, adverse effects, complications,
pathology, physiology and physiopathology); (4) respira-
tory function tests; and (5) respiratory mechanics. The
results were combined with OR (Boolean operator) which
resulted in forty-eight articles. Eight works ™4
the 48 relative to our topic were selected and used by the
primary investigator (Bablekos GD) in writing this review
and their baseline characteristics along with the reference
number as an exponent, are presented in Table 2.

Six additional studies™ ™" which were used in the
PhD Thesis of the primary investigator (Bablekos GD),
wete also included in this review. The baseline character-
istics of these works and their reference number as an
exponent are given in Table 3.

out of
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Table 2 Description of the baseline characteristics for the articles selected from the second literature search

Ref. Baseline characteristics

Johnson et al™"
l[45]

Preoperative and postoperative measurements 24 h after LC of VC, FRC, arterial PO: and chest-X-ray atelectasis.
Poulin et a Postoperative values of FVC and FEV1 variables measured on the first day after LC compared with values of the respective
pulmonary function indices recorded on the first day after upper abdominal surgery and cholecystectomy.

e Assessments of pain scores, peak flow values and subjective feeling of fatigue preoperatively, 6 h postoperatively and daily

Schulze et a
during the first week after operation for patients having undergone LC

Schauer et al™”

Comparative measurements for FVC, FEV1, FEF2s%-75%, Tiffenneau Index, FEFmax, total lung capacity and oxygen saturation
preoperatively to ten days after surgery between LC and OC

Measurements of FVC and the potential emergence of respiratory and gastrointestinal disturbances preoperatively to the first
postoperative day between LC and OC

Comparative evaluations for FVC and FEV1 and arterial blood gases between LC and OC preoperatively and 24 h after surgery
Comparative examination for FVC, FEV1 and arterial oxygenation values between LC and OC, from preoperatively up to 48 h

after surgery

Saunders et al™*!

Torrington et al'*”
Chumillas et al®

J1461

Hasukic et a Comparative measurements for FVC, FEV1, FEF2s%-75% and arterial oxygenation preoperatively and 24 h after LC (included in the

statistical analysis)

VC: Vital capacity (L); FRC: Functional residual capacity (L); FVC: Forced vital capacity (L); FEV1: Forced expiratory volume in one second (L); FEF2s%-75%:
Maximal-mid expiratory flow rate (L/s); FEFvax: Maximal forced expiratory flow (L/s); LC: Laparoscopic cholecystectomy; OC: Open cholecystectomy.

Table 3 Description of the baseline characteristics for the six additional articles used in the writing of this review

Ref. Baseline characteristics

Chuter et al™”

Parameters of respiratory pattern such as minute ventilation, tidal volume, the contribution of chest wall (VC/VT) to
tidal volume and the contribution of the abdominal wall (Vab/VT) to tidal volume were studied preoperatively, on the
first and on the third day after OC

Rademaker et al*” FVC, FEV1 and PEF were examined in a half sitting position preoperatively, and 24 h postoperatively in patients having
undergone elective LC and OC while the effects of thoracic epidural analgesia after LC were also studied

McMahon et al*™" FVC, FEV1, PEF, postoperative pain scores, analgesic consumption and oxygen saturation were examined preopera-
tively, on the first postoperative day and on the second postoperative day between patients who underwent LC and OC.
The OC was performed with minilaparotomy surgical approach

48] Measurements of FVC, FEV;, Tiffenneau index, FRC, TLC, inspiratory and expiratory mouth pressures were examined

Freeman and Armstrong'
preoperatively, and 24 h postoperatively between LC and OC

Measurements of FVC, FEV1, Tiffenneau index, blood gases indices, maximum static inspiratory (PImax) and maximum
expiratory (PEmax) muscle pressures were studied preoperatively, on the first postoperative day and on the second
postoperative day between LC and OC

Spirometric parameters (FVC, FVEs, Tiffenneau index), arterial blood gases, abdominal circumference, intestinal peristal-

Rovina et al

Mimica et al™

sis and defecation were studied preoperatively, to the sixth postoperative day between LC and OC

FVC: Forced vital capacity (L); FEV1: Forced expiratory volume in one second (L); FRC: Functional residual capacity (L); TLC: Total lung capacity (L);
Tiffenneau index: FEV1/FVC) ratio; PImax: Maximum static inspiratory muscle pressure (cmH20); PEmax: Maximum static expiratory muscle pressure

(cmH:20); PEF: Peak expiratory flow.

A total of thirty-four articles were used to extract in-
formation for the meta-analysis and writing of the impact
of LC on lung function and respiratory physiopathology.

Morteovet, to determine the quality of the literature
reviewed in our study, we determined the number of cita-
tions of these articles since 1/1/1990 and the total impact
factor (IF) of their corresponding journals. The number
of citations was found to be 1502 in 927 overall hits on
February 28" 2014 while the total IF was calculated to
69.176. Both citations and impact-factors were provided
by the Hellenic National Documentation Center.

Statistical analysis

Most of the studies reported the mean values and stan-
dard deviations of forced vital capacity (FVC) and forced
expiratory volume in 1 s (FEV1) preoperatively and 24

Baishidenge ~ WJG | www.wjgnet.com

17606

h postoperatively. One study reported the postoperative
values 6 h later and 4 studies reported the values 48 h af-
ter operation. A few studies also reported values at 3 and
6 d after operation. Seven studies reported postopera-
tive values expressed as percentages of the preoperative
values. There were also 3 studies that did not report the
values of FVC and FEV1.

We used a fixed and random effect meta-analysis to
separately estimate the pooled standardized mean differ-
ence (SMD) for laparoscopic and open cholecystectomies
for studies that reported preoperative and postoperative
values.

To use all available information we also performed
a crude comparison of the two methods by testing the
postoperative values expressed as percentages of the pre-
operative values using the Mann-Whitney two-sample test.
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Table 4 Median percentage and interquartile range of
preoperative values in forced vital capacity, forced expiratory

volume in one second, and Maximal-mid expiratory flow rate
variables 24 h' after laparoscopic and open cholecystectomies

Variables Studies (1) % of preoperative value P value
[Median (IQR)]
LC ocC
FVC (L) 21 77.6 (73.0,80.0) 55.4 (50.0,64.0) < 0.001
FEV:1 (L) 19 76.0 (72.3,81.0) 525 (50.0,56.7) < 0.001
FEF25%-75% (L/s) 8 78.8 (68.8,80.9) 60.0 (36.1, 66.1) 0.005

'One study reported values at 8 h and four studies reported values at 48
h after operation. FVC: Forced vital capacity (L); FEV1: Forced expiratory
volume in one second (L); FEF2s%75%: Maximal-mid expiratory flow rate

(L/s).

RESULTS

The descriptive statistics for FVC, FEV1 and FEF2s%-75%
(maximal-mid expiratory flow rate) values in laparoscopic
and open cholecystectomies are shown in Table 4. The
reduction in both FVC and FEV1 variables is greater in
open cholecystectomy and is significantly different from

those in laparoscopies (P < 0.001). Moteovet, accordin,
[17,24,26,28,29,30,40,46] be

to a number of comparative studies
tween LC and OC, the reduction in the FEF2s%75% vari-
able is also significantly greater in open compared with
laparoscopic cholecystectomies (P = 0.005).

Figure 1 show the individual and pooled standard-
ized mean differences between the preoperative and 24 h
postopetative values in both types of cholecystectomies.
The differences in the open procedure are more hetero-
geneous between studies (I = 82.5%, P < 0.001 and I’ =
68.5%, P = 0.001 in FVC and FEVy, respectively). The
results confirm that the reduction is greater in the open
cholecystectomy where the SMD in FVC is -1.45 [95%CI:
-1.77-(-1.14)] compared to -1.07 [95%CI: -1.32-(-0.82)]
for laparoscopic whereas for FE17 the respective val-
ues ate -2.19 [95%CI: -2.63-(-1.74) and -1.07 [95%CI:
-1.23-(-0.91)].

Additionally, statistical analyses of a number of com-
parative studies™**7 #3588 between laparoscopic
and open cholecystectomies for PaOz(kPa) 24 or 48 h
after surgical treatment showed reductions that were sig-
nificantly greater in OC compared with LC [L.C median
1.0, IQR (0.6, 1.3); OC median 2.4, IQR (1.2, 2.6), P-value
=0.019].

Sensitivity analysis
Significant heterogeneity between groups reflects the dif-
ferent effect of each treatment. The heterogeneity within
each treatment group should be investigated, but there is
in all studies lack of consistent information focusing on
explanative factors. The most reported variable in papers
is age, which is comparable. By visual inspection of the
forest plots we can identify the studies responsible for
heterogeneity.

In FVC variable (Table 5), by removing Mealy ef al”
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and Kimberley ez a/* from the LC group; and Karayian-
nakis ¢z a/*) and Rademaker ez al'” from the OC group
there is no significant heterogeneity (I’ = 0.0% and
6.8%0; P value = 0.645 and 0.379, respectively for LC and
OC). The pooled standardized mean difference (SMD)
changed slightly from -1.074 to -0.933 in the LC and
from -2.152 to -1.773 in the OC group. The overall SMD
changed from -1.455 to -1.245.

In FEV1 variable (Table 6), there was no significant
heterogeneity in the L.C group. By removing Mealy ez al®
from the OC group there is no significant heterogeneity r
= 36.4%; P value = 0.127). The SMD in the OC group
was slightly changed from -2.186 to -2.059 and the overall
SMD from -1.497 to -1.422.

In any case, the random effects pooled estimate is ap-
propriate when significant heterogeneity is evident.

DISCUSSION

Before analyzing and commenting on the search results

of the relevant literature, we first present an overview of
the physiopathological mechanisms concerning both the
diaphragmatic function impairment and the influence of
anesthesia or analgesia after upper abdominal surgery.
According to Ford ez a/”, disturbances in the respira-
tory muscle activity were observed after surgical removal
of the gallbladder. Postoperatively, in addition to reduced
lung volumes, a weakened diaphragmatic function was
detected during inspiration and was associated with a rap-
id shallow breathing pattern and a paradoxical abdominal
motion, especially in the case of sedatives administra-
tion™. A number of studies*">***" also showed that
for patients who underwent upper abdominal surgery,
compared with the abdominal cavity, the thoracic wall
provided major postoperative contributions in respira-
tory movement. This result implied a clear translocation
of the respiratory drive from the diaphragm to other
respiratory muscles. In their experimental study in dogs,
Farkas and De Troyer™ found that inspiration following
upper abdomen surgery is accompanied by diminished
diaphragmatic activity. This produced changes in the
trans-diaphragmatic pressure resulting in a decreased
diaphragmatic oscillations width, which is attributed to
a restricted respiratory effort rather than intra-operative
muscle damage. This assumption is supported by two
studies'"*" showing that after upper abdominal surgery,
(1) the artificial stimulation of phrenic nerves produced
normal trans-diaphragmatic pressure’”; and (2) diaphrag-
matic pressures developed during inspiration were shown
to be decreased"". As for why general anesthesia and
analgesia had no effects, the diaphragmatic activity is not
affected by perceptible postoperative pain' . However, a
reflex inhibition regarding diaphragmatic motility seems
to occur with the aid of the abdominal region nerves
being activated during the operation”™. Additionally, in
anesthetized patients, touch and scrape between the ab-
dominal peritoneum and gallbladder brings about a provi-

sional breathlessness"™. According to three other studies,
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A Study
D

SMD (95%CI)

% Weight (I-V)

LC

Putensen-Himmer et a/
Mealy et a/
Gunnarssonn et a/
Karayannakis et a/*
Hendolin et a/

Hasucik et a/

Mimica et a/

Freeman and Armstrong
Bablekos et a/*

Mimica et a/

Hasukic et a/

Kimberley et a/
Rademaker et a/

Rovina et a/*

I-V Subtotal (2 = 58.7%, P = 0.003)
D + L Subtotal

oC

Putensen-Himmer et a/
Mealy et a/
Gunnarssonn et a/
Karayannakis et a/*
Hendolin et a/

Hasucik et a/

Mimica et a/

Bablekos et a/*

Mimica et a/

Kimberley et a/
Rademaker et a/
Rovina et a/*

I-V Subtotal (2 = 89.0%, 2 = 0.000)
D + L Subtotal

Heterogeneity between groups: 2 = 0.001

I-V Overall (7 = 82.5%, P = 0.000)
D + L Overall

L e

Ole

-0.94 (-1.87, -0.01)
-3.17 (-4.53, -1.81)
-0.80 (-1.39, -0.21)
-0.70 (-1.14, -0.26)
-0.92 (-1.50, -0.34)
-0.65 (-1.17, -0.13)
-1.20 (-1.62, -0.77)
-0.75 (-1.36, -0.14)
-0.91 (-1.59, -0.22)
-1.20 (-1.62, -0.77)
-0.65 (-1.17, -0.13)
-2.17 (-2.82, -1.52)
-1.20 (-2.16, -0.24)
-1.32 (-1.92, -0.72)
-1.03 (-1.19, -0.88)
-1.07 (-1.32, -0.82)

-1.64 (-2.66, -0.61)
-6.98 (-9.30, -4.66)
-2.78 (-3.93, -1.64)
-0.02 (-0.46, 0.42)
-1.97 (-2.70, -1.24)
-1.66 (-2.27, -1.05)
-1.97 (-2.45, -1.49)
-1.00 (-1.94, -0.06)
-1.60 (-2.05, -1.15)
-3.37 (-6.21, -0.54)
-7.65 (-10.29, -5.00)
-1.75 (-2.40, -1.09)
-1.48 (-1.68, -1.27)
-2.15 (-2.83, -1.47)

-1.20 (-1.32, -1.07)
-1.45 (-1.77, -1.14)

2.76
1.29
6.85
12.24
6.97
8.81
13.09
6.34
5.03
13.09
8.81
5.58
2.58
6.56
100.00

3.84
0.75
3.08
21.09
7.69
10.89
17.62
4.63
19.9
0.5
0.58
9.43
100.00

-10.3

0
Reduction in FVC (L)

B Study
D SMD (95%CI) % Weight (I-V)
LC
Putensen-Himmer et a/ + -0.80 (-1.71, 0.12) 3.11
Mealy et af —e— -1.09 (-2.04, -0.14) 2.90
Karayannakis et a/* == -0.71 (-1.15, -0.26) 13.35
Hendolin et a/ * -0.92 (-1.50, -0.34) 7.61
Hasucik et a/ * -1.00 (-1.54, -0.46) 8.98
Mimica et a/ S 2 -1.46 (-1.91, -1.02) 13.28
Freeman and Armstrong * -0.91 (-1.53, -0.29) 6.71
Bablekos et a/* - -1.05 (-1.74, -0.35) 5.32
Mimica et a/ - -1.46 (-1.91, -1.02) 13.28
Hasukic et a/ ‘o -1.00 (-1.54, -0.46) 8.98
Kimberley et a/ -0~ -1.17 (-1.72, -0.61) 8.34
Rovina et a/* i -0.79 (-1.36, -0.23) 8.13
I-V Subtotal (2 = 0.0%, 2 = 0.468) <> -1.07 (-1.23, -0.91) 100.00
D + L Subtotal O -1.07 (-1.23, -0.91)
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ocC ;

Putensen-Himmer et a/ + -1.54 (-2.55, -0.53) 4.98
Mealy et a/ — -6.67 (-8.90, -4.44) 1.02
Karayannakis et a/* + -1.76 (-2.27, -1.24) 18.97
Hendolin et a/ + -1.98 (-2.71, -1.25) 9.62
Hasucik et a/ - -2.08 (-2.73, -1.42) 11.88
Mimica et a/ S -2.50 (-3.03, -1.97) 18.41
Bablekos et a/* + -1.29 (-2.26, -0.31) 5.38
Mimica et a/ - -2.50 (-3.03, -1.97) 18.41
Kimberley et a/ . 4 -5.10 (-8.98, -1.22) 0.34
Rovina et a/* . -1.96 (-2.64, -1.28) 11.01
I-V Subtotal (/> = 68.5%, # = 0.001) <> -2.14 (-2.36, -1.91) 100.00
D + L Subtotal <> -2.19 (-2.63, -1.74)

Heterogeneity between groups: 2 = 0.000

I-V Overall (2 = 78.3%, P = 0.000) <> -1.43 (-1.56, -1.30)

D + L Overall & -1.50 (-1.79, -1.20)

\ \
-8.98 0 8.98

Reduction in FEV: (L)

Figure 1 Fixed (I-V) and random (D + L) effects of pooled standardized mean differences. A: In forced vital capacity values (FVC) from preoperative values in
laparoscopic (LC) and open cholecystectomy (OC); B: In forced expiratory volume in 1 s (FEV:) values from preoperative values in LC and OC. 'Study reported the 48

hours post-operative value.

the electrical stimulation of splanchnic nerves produces
breathlessness in dogsm, cats”” and humans””. Further-
more, Prabhakar e «/*” found that the electric stimulation
of the mesenterium in cats shifts the respiration pattern
from a diaphragmatic to an inter-costal type. The above
studies™ " concluded that the electrical stimulation of
abdominal splanchnic nerves during inspiration produced
the following changes: (1) an impediment of the entry of
the tidal volume; (2) a decrease in the phrenic nerve activ-
ity; and (3) an increase in the inter-costal muscles activity.
Moreover, the mechanical stimulation of the gallbladder
due to surgical manipulations such as compression or ex-
tension may reduce both the electro-myographic activity
and motility of the diaphragm during spontaneous inspi-
ration®'). As a result, the ability for expansion of thoracic
cavity during inspiration was barely influenced compared
with the abdominal cavity whose expansion was strongly
diminished". Therefore the width of diaphragmatic os-
cillations dependent on the intra-abdominal pressure was
significantly decreased in comparison with the ones de-
pendent on the intra-pleural pressure, which established
a selective reduction of diaphragmatic activity®. In the
same work®" it was found that the inhibition of dia-
phragmatic function persisted for 250 ms after stimulus
withdrawal, which demonstrated that diaphragmatic os-
cillations were of neural origin. According to Briscoe!
diaphragmatic motility depends on two segments of the
muscle the costal and crural segment. It has been shown
that during upper abdominal surgery, the functional in-
hibition of either the costal or the crural segment of the
diaphragm produces a severe disorder of the total dia-
phragmatic activity®. The aforementioned diaphragmatic
disturbances have an important role in the emergence of
atelectatic areas; thus it will be useful to discuss its mech-
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anisms from the relevant literature. These atelectatic areas
are attributed to respiratory muscles dysfunction follow-
ing operations in the upper abdomen. Specifically, when
the thorax is postoperatively expanded with the aid of
inter-costal muscles rather than the diaphragm, this mo-
tion is simultaneously associated with the transposition
of the abdominal cavity towards the thoracic cavity®,
resulting in both a redistribution of ventilation from the
lower towards the upper parts of the lungs with a reduc-
tion in tidal volume (V1) inflow!™”. In addition, according
to Farkas and De Troyer™, the following changes were
observed in laparotomic surgical procedures: (1) surgical-
ly activated abdominal muscles decreased the functional
residual capacity (FRC) below the level measured at the
end of a passive expiration (7.e., when the thoracic and
lung elastic recoil are in equilibrium); and (2) diminished
diaphragmatic activity. These changes[SS] reduced the abil-
ity to cough after upper abdominal surgery by increasing
the possibility of atelectasis especially in the lower lung
regions. Given the aforementioned observations, the
clinical question of whether the pattern of breathing is
dysfunctional after upper abdominal operations is posed.
Despite the relative hindrance that this particular pattern
of breathing imposes on lung function and gas exchange,
the relative immobility of the abdominal wall can be ben-
eficial for recovery from abdominal wall trauma and for
the prevention of peritoneal infection.

The following section discusses the contributions of
medicines, anesthesia and analgesia in the development
of respiratory physiopathology. Systemic parameters such
as sepsis[64], hypophosphatemia[éi] and hypocalcemia[“’m
were found to deteriorate postoperative respiratory func-
tion by weakening diaphragmatic activity. The impact
of sepsis in diaphragmatic dysfunction was shown to be
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Table 5 Forced vital capacity (L) sensitivity results

Study SMD 95%Cl Weight
LC
Putensen-Himmer et al®™  -0.937 -1.866-(-0.009) 3.0%
Gunnarsson et al™ -0.803 -1.392-(-0.214) 7.4%
"Karayiannakis et al® -0.697 -1.138-(-0.257) 13.1%
Hendolin et al™” -0.920 -1.504-(-0.336) 7.5%
Hasuki¢ et al™ -0.649 -1.169-(-0.130) 9.5%
Mimica et al™ -1.197 -1.624-(-0.771) 14.1%
Freeman et al™” -0.752 -1.364-(-0.139) 6.8%
"Bablekos et al®™ -0.905 -1.593-(-0.218) 5.4%
Mimica et al® -1.197 -1.624-(-0.771) 14.1%
Hasuki¢ et al*” -0.649 -1.169-(-0.130) 9.5%
Rademaker et al™” -1.198 -2.158-(-0.238) 2.8%
'Rovina et al*”! -1.320 -1.922-(-0.718) 7.1%
Sub-total
I-V pooled SMD -0.933 -1.093-(-0.773)  100.0%
D + L pooled SMD -0.933 -1.093-(-0.773)
oC
Putensen-Himmer et al™  -1.637 -2.664-(-0.610) 5.0%
Gunnarsson et al™ -2.785 -3.932-(-1.637) 4.0%
Hendolin et al™ -1.970 -2.695-(-1.244) 9.9%
Hasukic et al™ -1.656 -2.266-(-1.046) 14.0%
Mimica et al® -1.973 -2.452-(-1.493) 22.7%
"Bablekos et al™ -1.000 -1.935-(-0.065) 6.0%
Mimica et al® -1.596 -2.048-(-1.145) 25.6%
Kimberley et al™ -3.373 -6.206-(-0.540) 0.7%
'Rovina et al*” -1.748 -2.403-(-1.092) 12.2%
Sub-total
I-V pooled SMD -1.771 -1.999-(-1.542)  100.0%
D + L pooled SMD -1.773 -2.014-(-1.531)
Overall
I-V pooled SMD -1.208 -1.339-(-1.077)
D + L pooled SMD -1.245 -1.468-(-1.022)
Test(s) of heterogeneity
Heterogene- Degrees of P value I&
ity statistic ~ freedom
LC 8.75 11 0.645  0.0%
oC 8.59 8 0379  6.8%
Overall 52,01 20 <0.001 61.5%

'48 h. LC: Laparoscopic cholecystectomy; OC: Open cholecystectomy;
SMD: Standardized mean difference.

prevented with indomethacin'®. For upper abdominal
surgery, Jansen ¢ a/”” observed that the administration of
doxapram, a respiratory activity stimulating agent, signifi-
cantly reduced postoperative pulmonary complications.
It has been suggested that doxapram increases minute
ventilation without affecting diaphragmatic function®
In addition, inotropic factors, caffeine, aminophylline
and bz-agonists enhance diaphragmatic contractility by si-
multaneously averting muscle fatigue, whereas medicines
such as halothane and sodium pentothal have the oppo-
site effect! ",

General anesthesia contributes to the deterioration
of postoperative respiratory function” ™ due to the fol-
lowing reasons: (1) tracheal intubation, particularly if fre-
quent, increases the dead space leading to further bron-
choconstriction which is accompanied by a reduction in
17/ Q values and shunt establishment; (2) the interaction
between anesthetic agents and myochalasis; and (3) the
intake of an anesthetic gas mixture at high oxygen con-
centrations which increases shunt areas in lung parenchy-
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Table 6 Forced expiratory volume in one second (L/s) sensi-

tivity results

Study SMD 95%Cl Weight
LC
Putensen-Himmer et al®™  -0.796 -1.710-(0.118) 3.1%
Mealy et al™ -1.090 -2.036-(-0.143) 2.9%
'Karayiannakis et al™! -0.706 -1.147-(-0.265) 13.4%
Hendolin et al™” -0.920 -1.504-(-0.336) 7.6%
Hasukic et al™ -1.000 -1.538-(-0.462) 9.0%
Mimica et al™ -1.463 -1.906-(-1.021) 13.3%
Freeman et al™ 0913 -1.535-(-0.290) 6.7%
'Bablekos et al™ -1.045 -1.744-(-0.346) 5.3%
Mimica et al™ -1.463 -1.906-(-1.021) 13.3%
Hasukic et al*! -1.000 -1.538-(-0.462) 9.0%
Kimberley et al®™ -1.167 -1.725-(-0.608) 8.3%
'Rovina et al™” -0.794 -1.360-(-0.229) 8.1%
Sub-total
I-V pooled SMD -1.068 -1.229-(-0.907)  100.0%
D + L pooled SMD -1.068 -1.229-(-0.907)
oC
Putensen-Himmer et al®™  -1.540 -2.550-(-0.529) 5.0%
'Karayiannakis et al”" -1.756 -2.273-(-1.238) 19.2%
Hendolin et al™” -1.980 -2.707-(-1.253) 9.7%
Hasukié et al™ -2.078 -2.732-(-1.424) 12.0%
Mimica et al™ -2.500 -3.026-(-1.974) 18.6%
"Bablekos et al™” -1.286 -2.257-(-0.314) 5.4%
Mimica et al® -2.500 -3.026-(-1.974) 18.6%
Kimberley et al®™ -5.099 -8.978-(-1.220) 0.3%
'Rovina et al*”! -1.964 -2.644-(-1.285) 11.1%
Sub-total
I-V pooled SMD -2.091 -2.318-(-1.865)  100.0%
D + L pooled SMD 2.059 -2.359-(-1.760)
Overall
I-V pooled SMD -1.412 -1.543-(-1.280)
D + L pooled SMD -1.422 -1.688-(-1.156)
Test(s) of heterogeneity
Heterogene- Degrees of P value r
ity statistic ~ freedom
LC 10.70 11 0468  0.0%
oC 12.58 8 0.127  364%
Overall 75.31 20 <0.001 73.4%

'48 h. LC: Laparoscopic cholecystectomy; OC: Open cholecystectomy;
SMD: Standardized mean difference.

ma by diminishing the 77/Q rate. The above parameters
decrease both lung volumes and compliance, thus con-
tributing to atelectasis formation”". Intercostal muscles
activity was also found to be reduced when using ben-
zodiazepines and narcotics for anesthesia because these
chemical agents decreased the threshold of the central
respiratory drive” "™, Moreover, in the early postoperative
period, during the excretion of anesthetic agents, a type
of general hypoxia is usually established and is accompa-
nied by an elevation of either the metabolic rate or tissue
temperature; both effects are associated with an increased
oxygen consumption and carbon dioxide production'™
Additionally, during the upper postoperative period, the
administration of analgesia for pain relief could poten-
tially lead to hypoventilation, a diminished sensitivity of
the respiratory center to carbon dioxide stimulation, an
intensification of obstructive breathlessness, the repres-
sion of cough reflex and irregular mucus effacement .
In turn, these conditions could induce hypoxemia and/or
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hypercapnia in the postoperative period. In 1991 Baron
et al™ observed that to relieve postoperative pain, the use
of epidural anesthesia intra-operatively rather than after
surgery, had a similar percentage of complications as the
effects of general anesthesia. However in their experi-
mental study in humans, Pansard ez al” observed that
the paradoxical pattern of breathing, especially present
in upper abdominal surgery, could be totally or partially
reversed by injecting epidural a 0.5% anesthesia solution
(in bupivacaine) in thoracic nerves roots up to the fourth
thoracic vertebrae. It was further observed that a lower
concentration (Z.e., 0.25% in bupivacaine) despite reduc-
ing postoperative pain, did not change the paradoxical
pattern of breathingm. The higher bupivacaine dose
restored both the tidal volume and breathing frequency
to their preoperative values, thus diminishing the work
of breathingm. Moreover, according to two studies””"
lengthening the duration of anesthesia contributed to the
development of postoperative complications. Addition-
ally, since 1920 2 number of respiratory disturbances
following upper abdominal surgery have been reported
in the literature. Studies”"*? published between 1962 and
1976 noted the necessity of spirometry for screening
high risk patients who were prone to develop respiratory
complications after upper abdominal surgery. By examin-
ing the issue of postoperative respiratory complications,
Stein ez al™ and Stein ez al™", for the first time in the rel-
evant literature, recommended a model of appropriate
preoperative pulmonary management for patients under-
going upper abdominal surgery. The term “respiratory
complication” was also defined so that one or more of
the following clinical pathologic conditions could be in-
cluded™™: (1) bronchitis deterioration; (2) purulent saliva
and fever; (3) intense cough; (4) intense breathlessness; (5)
formation of atelectatic areas regardless of their shape
and extent in lung parenchyma; and (6) pneumonia.

Because our literature searches spanned from 1990 to
the present, a large number of studies used the following
variables for the preoperative or postoperative investiga-
tion of respiratory functions in patients of upper ab-
dominal sutgery: (1) FVC/L; (2) FEV1/L; (3) FEFzs%.75%
L/s; (4) PEF L/s; (5) the FEV1 to FVC percentage ratio
ot Tiffenneau index; (6) PaOz (kPa); and (7) PaCO:z (kPa).
According to our analysis of the collated data, it appears
that laparoscopic cholecystectomy is better for postop-
erative lung function compared with open cholecystec-
tomy. The following section analyzes the factors and
mechanisms of respiratory physiology which contribute
to the improved respiratory performance and the clinical
outcome of patients undergoing laparoscopic surgery for
gallbladder removal.

During normal inspiration the intra-abdominal pres-
sure increases along with an expansion of the thoracic
cavity which causes an outward movement of the ab-
dominal wall™. However, in upper abdominal operations,
pain due to surgical incisions is likely the cause of the
observed postoperative shallow breathing patternm. This
breathing pattern moderates the patient’s discomfort but
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limits the aforementioned outward movement of the ab-
dominal wall'” by decreasing either the postoperative vi-
tal (VC) or the FRC values™™*, Additional studies®****”
have shown that lower FRC values (relative to FRC val-
ues at the end of a relaxed expiration) are suggestive of
a small-airway closure which could induces hypoxemia
and atelectasis especially under postoperative conditions.
A possible mechanism that causes these postoperative al-
veolar volume changes could be due to disorders present
during respiration[84]. These disorders are characterized
by decreased lung surface tension which leads to alveolar
wall collapse, a decrease in the FRC and hypoxemia[w
Various studies since the early nineties have investigated
the impact of these disorders on pulmonary function and
the role of abdominal trauma in postoperative morbidity
during both open upper abdominal surgery and newer
operations such as laparoscopic cholecystectomy'*,
Morteover, according to the literature, changes observed
in metabolic and immune functions appears to be associ-
ated with the extent of the surgical trauma”. An eatlier
study showed that minimally invasive (compared with
open) surgical procedures induced less postoperative
pain, leading to early discharges and returns to usual daily
activities™. The above findings were well correlated with
a second studym] which observed significantly higher
postoperative inflammatory responses as evidenced by
both the erythrocyte sedimentation rate 24 h postop-
eratively and C-reactive protein production 24 and 48 h
postoperatively, in patients undergoing open (compared
with laparoscopic) cholecystectomy. However, in a sepa-
rate studyBS], although there were no significant postop-
erative differences in metabolic responses between lapa-
roscopic and open cholecystectomy, immune functions
were significantly better preserved in the laparoscopic
group of patients. Additionally, in the open cholecystec-
tomy group a significantly higher incidence of postopera-
tive septic complications was observed. The differences
in postoperative metabolic and immune functions be-
tween the two groups was attributed to endotoxin effects
rather than wound factors®

With respect to the pulmonary function variables we
have reviewed the reduction in FVC from the very eatly
postoperative period precedes the decrease in FRC de-
tected following upper abdominal surgery[w. The FEV1
and PEF parameters both represent the expiratory ca-
pacity and are related to the cough potentiality™ that is
involved in atelectasis formation. The FEF25v.75% variable
reflects the average flow corresponding to the middle
50% of the FVC respiratory index™. Generally, there is
a strong relationship between the FEV1 and FEFzsu.75%
indices; however, in some cases the forced expiratory
flow rate may be decreased while the FEV1 is at a normal
value™. Tt is also well known that the Tiffeneau Index,
or the ratio between FEV1 and FVC, contributes to the
differential diagnosis between airflow limitation and air-

254 Additionally, similar to open upper
[55-6

way restriction
abdominal surgery 27 laparoscopic cholecystectomy

also induces a restrictive pattern regarding postoperative
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diaphragmatic motion. A pneumoperitoneum induced
by carbon dioxide brings about a distention of the perito-
neal cavity which limits the diaphragmatic motility while
simultaneously increasing the dead space and leading to
a ventilation-perfusion mismatch™. According to a few
P2 the insufflated carbon dioxide is absorbed
from the peritoneum covering the abdominal cavity,

studies

thereby contributing to respiratory acidosis and hyper-
carbia disorders. Another issue that should be clarified
concerning upper abdominal surgery is that general an-
esthesia - by itself*”” - or in combination with thoracic
epidural analgesiam has no influence on postoperative
lung function regardless of the type of cholecystectomy
procedure. Additionally, a number of comparative stud-
jegl! 17210 |y yeen open and laparoscopic
cholecystectomy groups of patients examined lung func-
tion preoperatively to the 12 postoperative day and
showed that most of the measutred variables had returned
to their preoperative levels between the 4™ and 10" post-

. 21,29-31,33,36,40 :

operative days' . For the early postoperative
- 11222425273336] 17,19,21-23,25,27,38,30,33,36,39,40,48

perlod[ > ! (ie., the first | th

19,26,29,34,40,49 223336
second'** ] d!

and the thir ] postoperative days)
significant differences were observed when compared
with preoperative values for both laparoscopic and open
surgical techniques. Statistically significant differences were
also found between the two groups“7’19’21’28’33’34’36’39’40’49] in
favor of the laparoscopic method. According to the liter-
ature, the main cause for the decreased values of pulmo-
nary function indices observed in laparoscopic or open
cholecystectomy patients is diaphragmatic dysfunction
which appears to be related to the upper abdominal inci-
sion. The extent of the surgical upper abdominal trauma
is an important factor influencing the postoperative pain
intensity, the demand for postoperative analgesia and the
stimulation of the parietal peritoneum covering the upper
abdominal cavity[%]. The closer the surgical incision is to
the diaphragmatic muscle (either sub-costal or midline),
the greater the reduction in postoperative pulmonary
function variables, particularly for lung volumes"™". Be-
cause the anatomic site of the gallbladder is the same for
that of the abdominal cavity, manipulations for its surgi-

95] 3.9,11,14,1561]
or open )

cal removal (whether laparoscopicm’
induces local phrenic nerve stimuli by eliciting a reflex in-
hibition of diaphragmatic activity. In addition, the extent
of the local stimulation of the parietal petitoneum due to
surgical manipulations during gallbladder removal affects
the degree[3’14] of the aforementioned respiratory reflex
inhibition. These works™"" suggest that a better post-
operative pulmonary function is observed for patients
undergoing laparoscopic than open cholecystectomy
because of the significantly smaller surgical trauma in the
upper abdomen. A meta-analytic study concerning the
Tiffeneau Index™ also supports this conclusion. After
a meta-analysis of thirteen related articles a better post-
operative respiratory performance was observed for the
patients of laparoscopic cholecystectomy[zm. In addition

31)

) 29, .
to these conclusions, two studies' examined pulmo-

nary function and control of breathing indices between
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the two surgical procedures preoperatively to the eighth
postoperative day (i.e., when patients usually returned to
their daily activities). According to inspiratory capacity
(IC) measurements, on the 8" postoperative day, laparo-
scopic patients presented an overall improved respiratory
performance when compared with open cholecystectomy
patients; the expiratory activity was found to be better for
the open group of patientsfzgl. Additionally, the control
of breathing indices such as duty cycle (T1/Tror) and
airway resistance (raw, in centimeters of water. L-1.s) for
only the laparoscopic cholecystectomy group were found
to be significantly reduced and increased respectively,
compared with their preoperative values”'. Other inves-
tigators examined the duty cycle preoperativelym’%], 3
h" and 24 h™ after laparoscopic cholecystectomy, while

P 2nd two

airway resistance was studied preoperative
days®™’ following surgery in both laparoscopic and open
cholecystectomy patients. Statistically significant differ-
ences were found for the Ti/Tror variable 3 P after
laparoscopic cholecystectomy. Given that the duty cycle
detects the degree of airway obstruction”” and that high
airway resistance values are compatible with an aggravat-
ing total work of breathing[%], the ﬁndingsm for T1/Tror
and Raw measurements on the 8" day after laparoscopic
cholecystectomy are indicative of small but persistent
changes reflected in both diaphragmatic dysfunction and
airway obstruction. These findings can be attributed to a
prolonged influence of intra-abdominal pressure in re-
spiratory mechanics”" | which correlates well with the fact
that on the 8" postoperative day open cholecystectomy
patients were free of pain attributed to surgical trauma
and wound, and presented a better expiratory perfor-
mance when compared with the laparoscopic cholecys-
tectomy group[zg]. Significant changes found in the respi-
ratory pattern on the first day after OC were attributed to
a decrease of the abdominal wall compartment contribu-
tion to the tidal volume (Va/VT) and was accompanied
by an increase in the chest wall compartment (Ve/ V)P,
The better expiratory activity[zo] observed in OC patients
compared with LC patients can be explained by the im-
proved recovery of the abdominal wall motility eight days
after surgery, in contrast with the small but persisting
changes in the breathing pattern for LC patientsm. Other
studies'* published in the mid nineties that measur[i(]i

the potential emergence of compromised ventilation™ ",

M atelectasis formation!™”

gastrointestinal dysfunction
and perseverance of sub-diaphragmatic free air™, all fol-
lowing L.C, brought up issues concerning the candidates
selection for laparoscopies.

For the issue of postoperative pain after upper ab-
dominal surgery a number of previous studies”™”"""
highlighted the noticeable analgesic effect of bupivacaine
administration via intercostal-interpleural or thoracic epi-
dural infusions. When comparing the postoperative pain
scores and analgesia requirements between laparoscopic
and open cholecystectomy group, the laparoscopic meth-
od was found to be better™"”'""*'™ The role of post-
operative analgesia in local pain relief, regardless of the

17612 December 14, 2014 | Volume 20 | Issue 46 |



Bablekos GD et a/. Respiratory pathophysiologic changes in laparoscopic cholecystectomy

surgical method, has been supported in the literature®'",
Recent works!"'""
control of postoperative pain especially for laparoscopic

cholecystectomy patients. It was found that a single-dose

suggested newer alternatives for the

of dexamethasone administered prior to surgery brought
about significantly decreased pain scores, occurrences
of nausea and vomiting and use of antiemetic medica-
tion within the first and second postoperative days'”.
After the laparoscopic procedure, the active aspiration of
carbon dioxide, insufflated for the creation of a pneumo-
peritoneum, resulted in the improvement of abdominal
and shoulder postoperative pain; the use of postopera-
tive analgesia also decreased"””. Additionally the use of
isothermic rather than hypothermic carbon dioxide for
creating a pneumoperitoneum did not significantly affect
the postoperative lung volumes and flow rates. This result
suggests that for patients with deranged lung function are
candidates for laparoscopic surgical treatment!'"”.

Additionally, it was found™ that postoperative physi-
cal therapy for open cholecystectomy patients resulted in
decreased pain scores and increased respiratory functions
for half an hour after each session; these are factors that
may aid in reducing patient recovery time.

A number of studies”>>* I8 ghserved better
oxygenation in laparoscopic compared with open cho-
lecystectomy patients. The administration of analgesia
to attenuate postoperative pain, which was more intense
after open cholecystectomy”™'™, and the dysregulated
breathing pattern due to the open upper abdominal

15,51,55,56 : :
15363551 have more significant effects on

surgical trauma
patient oxygenation for laparoscopic cholecystectomy.
Despite the contribution of postoperative analgesia in
limiting pain after cholecystectomy!” the use of opiates
caused hypoventilation and hypoxemia“oo’ms’mg]. More-
over, the diaphragmatic dysfunction resulting from the
upper abdominal surgery altered the ability to sigh!*,
which requires a rapid shallow breathing pattern as-
sociated with a small airway closure®®. This closure is
implicated in an intra-pulmonary shunt formation and
precludes the emergence of hypoxernia[&ﬂ. According to
a recent work!""") atelectatic areas in lung parenchyma are
not favorable for shunt formation. In a previous study'""
healthy individuals undergoing laparoscopic cholecys-
tectomy with intra-abdominal pressure values between
11 and 13 mmHg were considered to have a protective
effect against pulmonary shunts. With respect to: (1)
the conclusions of the above studies"'""; (2) the ben-
eficial role of the absence of a surgical incision close to
diaphragmatic muscles; and (3) the significantly smaller
surgical trauma, there is a sufficient explanation for the
better postoperative oxygenation status observed in lapa-
roscopically treated patients. These factors account for: (1)
the eatlier mobilization™’; (2) the lower pain score{sﬁlﬂ; 3)

; and
[45]

the smaller changes in postoperative lung function
(4) the lower incidence in pulmonary complications
These observations were made during the first three
years after 1990, following the widespread adoption of
laparoscopic cholecystectomy, despite the formation of

Baishidenge ~ WJG | www.wjgnet.com

a pneumoperitoneum, which resulted in a significant in-
crease in carbon dioxide burden necessitating an increase
in minute ventilation to recuperate during gas elimination
through the peritoneum™*,

Taking into account: (1) the extensive review of the
relevant literature concerning the impact of laparoscopic
cholecystectomy on lung function; (2) our results from
statistical analyses of basic variables of respiratory func-
tion, such as FVC (L), FEV1 (L), FEF2sv-75% (L/s), PaO2
(kPa), between laparoscopic and open cholecystectomy;
and (3) the agreement of our findings with a meta-analyt-
ic studylZOJ concerning the Tiffenneau index expressed as
the FEV1/FVC (%) ratio, we conclude that laparoscopic
cholecystectomy has less impact on postoperative lung
function and is preferable compared with open cholecys-
tectomy, even for patients with relatively deranged lung
function due to the following reasons: (1) the absence
of an extensive surgical incision close to the diaphragm
which has a strong influence in postoperative function; (2)
the negligible potential for a postoperative shunt forma-
tion; (3) the significantly lower postoperative pain inten-
sity because of better oxygenation; (4) the earlier mobi-
lization which prevents atelectasis; and (5) the proposed
alternatives for preventing harmful effects on postopera-
tive lung function resulting from pneumoperitoneum.
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Background

There have been plenty of studies evaluating and comparing laparoscopic
cholecystectomy to the classical open procedure. In this meta-analytic review
pathophysiologic medical interpretation of the postoperative effects of lapa-
roscopic cholecystectomy on pulmonary function, is attempted. Data resulted
from a thorough investigation of the studies in the relevant literature from 1990
to present. The authors’ aim was the analysis and medical interpretation of the
acquired information in order to elucidate the effect of laparoscopic compared
to open cholecystectomy on postoperative lung function and evaluate the
method of choice for upper abdominal surgery in candidates with impaired lung
function.

Research frontiers

The hotspots of our study focus on the following aspects: (1) study of basic
spirometric variables such as forced vital capacity (L), forced expiratory volume
in 1 s and maximal-mid expiratory flow rate (L/s) postoperatively, between
laparoscopic and open cholecystectomy; (2) study of the arterial oxygenation
after laparoscopic and open cholecystectomy; and (3) the extensive and critical
review of changes concerning breathing control and respiratory muscle perfor-
mance indices in the sequel of laparoscopic and open cholecystectomy.
Innovations and breakthroughs

The overall panoramic presentation of the information concerning pathophysi-
ologic changes imposed to respiratory function as a result of the widespread
use of the new surgical method, which is critically discussed in comparison with
the open classical technique.
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Applications

Presentation of evidence to general physicians and surgeons for the evaluation
and management of candidates for upper abdominal surgery particularly those
with impaired lung function.

Peer review

The authors perform a thorough literature review to integrate findings of studies
concerning the effects of laparoscopic cholecystectomy on lung function and
comparative findings in relation with the open surgical procedure.
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