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Abstract of the growing popularity of this surgery, even for patients
Background:The cardiopulmonary changes experienced bywho are obese, elderly, or suffering from preexisting car-
patients who undergo laparoscopic cholecystectomy (LCHliopulmonary disease [7, 13, 24], and the increasing nee
and the prognostic value of patient characteristics are ndbr an extended insufflation period when associated witt
well understood. other endoscopic procedures, the physiologic changes th
Methods: Cardiorespiratory changes were investigated inoccur during and after laparoscopic surgery must be mon
120 patients undergoing LC or open cholecystectomy (OC)ored carefully [2]. Most of the recent studies are based ol
The results and their relation to patient variables were stathe metabolic, inflammatory, and immunological response
tistically evaluated. to acute-phase LC trauma (cytokine and hormonal levels
Results: The most significant cardiorespiratory changesserum levels of acute-phase reactant protein, nitrogen be
were (A-a)PQ increase during OC; decrease of pH andance and forearm muscle amino acid fluxes) [8, 10, 12]
compliance and increase of peak airway pressure durinthese measures are undoubtedly useful in defining the su
LC; impairment of arterial blood gas mean values and regical stress response, but they do not help to predict whic
spiratory muscle strength; atelectasis and pneumonia (fivpatients or conditions are at risk for this type of surgery.
cases) after OC; and lamellar atelectasis (two cases) after The aim of our study was to assess the relative effects c
LC. Significant adverse prognostic factors related to intralaparoscopic and open cholecystectomy (OC) on intra- an
and postoperative LC cardiorespiratory changes were ASAostoperative hemodynamic and respiratory function. Wi
class greater than I, FEE g50,< 900 ml, and Pa@< 10.4  also attempted to evaluate the risk of complications by
kPa (PPV, 71.4% and 46.6%, respectively). means of a randomized trial.

Conclusions:LC carries no significant cardiorespiratory

changes provided that intraoperative monitoring of hemo-

dynamics and respiratory parameters is done for the study Hatients and methods

blood gas values in all patients at risk.

. . Between 1993 and 1996, 120 patients with symptomatic cholelithiasis, whi
Key ,Words- Lap_amSCOp'C C,hOIGCySteCtomY — Hemody- were referred to our unit for elective cholecystectomy, enrolled in this
namics — Respiratory function — Prognosis study. Of these, those exceeding their ideal body weight by >20% or witl
a body mass index (BMI) >85th percentile were considered to be obes
patients [20]; those aged60 years were defined as elderly patients. After
giving informed consent, all patients were randomly assigned to underg
either laparoscopic cholecystectomy (LC) or open laparotomic cholecys

There is a great deal of disagreement among the authors fctomy (OC). Anesthesia and postoperative control were carried out a

ot : >ording to standard protocols. Anesthesia was induced intravenously wit
the most recent publications on the hemodynamic and Ver[:hiopental sodium (5 mg pro k& and fentanyl (1.5 ng pro k&): a non-

tilatory effects of laparoscopic surgery [2, 6, 23]. Conflict- depolarizing muscle relaxant (vecuronium 0.2 mg pro‘kgvas used to

ing data has been reported on the incidence of cardiorespiacilitate endotracheal intubation. For maintenance of anesthesia, patien
ratory complications in patients undergoing cholecystectoeceived isoflurane with 65% JO in O,. Small incremental boluses of

my (LC) even though LC is the most common as well as thevecuronium were administered as needed to maintain adequate mus
y laxation. Ventilator settings were adjusted by altering ventilatory fre-

: r

safest of all laparoscopic procedures [15, 17, 18]. Becaus(§Jency and tidal volume if acidosis (pH < 7.20), arrhythmias, or hemody-
namic instability were seen. Fentanyl (0.05 mg) was given if arterial blooc

E— pressure or heart rate rose by 30% from the previously recorded value (

Correspondence toV. Cangemi, Via Squarcialupo 19A,00162, Rome, min earlier).

Italy In patients undergoing LC, the pneumoperitoneum was performed ir
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Table 1. Personal series: clinical parameters in 118 patients undergoingnduction of anesthesia in terms of mean values were:

laparoscopic cholecystectomy (LC) and open cholecystectomy 16.6% decrease in arterial php (= 0.02), an 18.7% in-
LC oc crease in Ppeakp(= 0.048), and a 33.3% reduction in
Parameters patients patients p value Comp|ianCE|() = 0001) In the OC group, the Only S|gn|f|-
cant change was a 45.4% increase of (A-g)j0= 0.001),
Male/female 16/42 20/40 >0.05  gven if pulmonary shunting remained within normal values
g%ees(gr) 4276“ 17.07 igf’” 15.99 >>006%5 (5-10%). There were no changes in mean values for hea
Severe COPD 2 3 s005 rate, systemic blood pressure, Sedd PaQ mean values
Current smokers 12 23 >0.05 in both LC and OC groups, or in mean ventilatory volume
Nonsmokers 40 25 0.005 minute (7.35 £ 0.96 | and 6.97 + 0.42 |, respectively) and
i%rg‘glrazg‘o"ers 6 12 005 mean dose of fentanyl during anesthesia (0.34-0.36 mg
| 24 45 >0.05 The only S|gn|f|(_:ant intergroup variations (cpmparmg LC
1N 14 15 >0.05 versus OC) during surgery were observed in pH (0.006)
Operative time (min) 86.6 £ 22 81.0 £24.79 >0.05 PaCQ (p = 0.01), and (A-a)PQvalues p = 0.0002). The
Hospital stay (days) 46£29 7.77£3.1 0.0005 |atter were markedly altered in the OC group. In terms of

individual patient intraoperative cardiorespiratory patterns
during pneumoperitoneum a mild acidosis (pH < 7.35) wa:
observed in eight cases; in two other cases, acidosis wx
the supine position. Carbon dioxide was used for insufflation, and intrasevere (pH < 7.28) and was accompanied by hypercarbi

peritoneal pressures were maintained at 1.6-2 kPa. Reverse Trendelenb _ i i _ti
(T) head-up tiit was limited to 10-15° {®aCQ = 6.6 kPa), a mild increase of end-tidal g@nd

Immediately after the end of anesthesia, intravenous analgesia (ket@ Sighificant increase of both systolic blood pressure an:
profene 100 mg) was started in all cases in the recovery room and contirleart rate. These effects were easily compensated when e
ued for 5 h. ploying a higher concentration of oxygen and using hyper

During anesthesia ECG, systemic blood pressure, heart and respiratogyantilation. A significant decrease of systolic blood pressure

rate, peak airway pressure (Ppeak), compliance, and end-tigaE2CO,) . h . . e it
were continuously monitored, while arterial blood gas analysis was re-WIth bradycardia occurred in two other patients. This situ

peated every 15 min. In the laparoscopic group, all these parameters Weﬂation required t_he interruption of Q@ﬁsyfflatiOIj for a few
also measured at the induction and at the end of the pneumoperitoneunminutes and, in one case, the administration of plasm
The same parameters [heart and respiratory rates, systemic blood presxpanders. During OC, the transient adverse effects wel

sure, blood gases together with alveoloarterious oxygen difference (A n; ; ; ;
a)PQ], ventilatory function, body temperature, and inspiratory and expi-a‘CIdOSIS (tWO Cases)’ hypercarb|a (tWO Cases)’ hypertensu

ratory muscle strength were evaluated for each group prior to surgery, angive_ _Cases)’ and grrhythmia (three cases). All these abno
every day for 3 days after surgery. Postoperative pain was assessed usifgalities were easily reversed without further complications
a self-rating visual analog scale (VAS) ranging from=0no pain and 10 The postoperative changes are shown in Tables 3 and
= worst possible pain. Pain intensity was assessed using a verbal papegarding PaQ PaCQ (A—a)PQ and pH postoperative

score (VPS) ranging from 0 to 5, where= no pain, 1= mild, 2 = S .
moderate, 3= discomforting, 4= stressing, and 5 horrible. Pain scores mean values, significant differences were observed betwee

were obtained at days 1, 2, and 3 after surgery. On demand, discomfortingl€ two groups on days 1 and 3. The decrease in,Ra0

or continuing pain was treated with an IM injection of 10 mg of ketorolac. the increase in (A-a)POwere much more consistent fol-
At the same predischarge intervals, radiographic examination was pe'lowing oC (mean variation from baseline values: —17% for

formed to evaluate and determine the presence and severity of atelectas — . 0 _ —
Hemodynamic parameters were studied using Lifescope 7 Niho paoz (p 0'003)’ +100 to 90% for (A a)Pp(p

Khoden (Tokyo); pulmonary parameters were studied prior to and after:O-OOOOE’) th_an after LC. The §|gn|flcant reduction in FVC,
surgery using a Vitalograph spirometer and monitored during operatioFEV,, and in FEEs_gs,, following LC (46, —45, —-45%)

using a Capnomar Ultima Datex sidestream spirometer (Buckingham, UK)on day 1, and their restoration (=29, —28, —38%) on day :
blood gas analyses were performed using a Radiometer ABL3 blood gagere similar to those following OC. On day 2, however,

analyzer (Copenhagen, Denmark); postoperative muscle strength was m .
sured with a DHD Medical Products negative inspiratory force monitoringeﬁvc and FEE5—85%reSt0rat|0n was faster than after ot (

kit. (A-a)PO, was calculated using the following formula for alveolar = 0.02 andp = (_)-01, respec.tively). Considering patient
oxygen partial pressure: Pa@- (FiO, x 94.8)-PaCQ0.8. basal characteristics, these differences were more marke
All data were expressed as mean + SD. The significance of the differyyhen related to obesity. In the latter subset, on days 1 an

ence between LC and control (OC) groups was tested using Stutitagts ; :
for nonparametric data the¢? test and Fisher's exact test were employed. 2, FEFy5_gsqsand PaQ reduction following OC was almost

A pvalue< 0.05 was considered statistically significant. The efficacy of twice that following LC. In terms of |n§p|ratory and expi-
preoperative parameters in predicting intra- and/or postoperative complifatory muscle strength, no changes with respect to the pr
cations was evaluated by sensitivity, specificity, and positive predictiveoperative values were observed in LC patients, whereas ¢
tests (PPV) using the Galen method. OC patients showed a mild decrease in inspiratory muscl
strength on the 1st postoperative day (-35.2%6= 0.17)
and a severe decrease in expiratory muscle strength for tl
overall postoperative period (—42.5 to —26p6= 0.001 to
In the LC subset, two patients who required conversion op = 0.037). The difference between the two groups was nc
the laparoscopic procedure to standard OC were excludesignificant. In terms of cardiovascular parameters, heart rat
from the subsequent analyses. and systolic arterial pressure mean values were similar bt
There were no significant differences between the twdfore and after both operations.
study groups in age, sex, weight, smoking habits, ASA Regarding individual changes, cardiac or hemodynami
class, preoperative ventilatory and blood gas parameters, abnormalities were observed only after OC. Hypertensiol
duration of surgery (Tables 1-4). occurred in three patients and ventricular arrhythmias ir
The principal intraoperative findings are shown in Tableanother two; all five patients had been classified as ASA |
1. In the LC group, the more significant changes from theand were >50 years old. As for postoperative pain, there wa

Results
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Table 2.Intraoperative changes of cardiopulmonary parameters (mean + SD) related to laparoscopic cholecystectomy (LC) and open cholecystector

LC ocC
Cardiopulmonary At induction During At induction During p value
parameters of anesthesia pneumoperitoneum of anesthesia operation LC vs. OC
Heart rate (beats/min) 85.7+10.9 83.2+12.6 85.1+12.6 81.0+6.5 >0.05
Peak airway pressure (kPa) 1.9+0.6 22+04 20+£0.5 22+0.6 >0.05
Compliance (ml/kPa) 513.9+142.7 342.6+77.7 416 +147.9 364 +95.9 >0.05
SatQ, (%) 98.3+1.56 98.4+0.74 98.6+0.5 98.4+0.9 >0.05
End-tidal CQ (kPa) 4.0%0.6 43+0.6 43+0.7 3.8+0.6 >0.05
pH 7.43+0.07 7.38+0.05° 7.43+0.04 7.44 +0.05° °0.006
PaCQ (kPa) 44+0.7 49+0.8* 45+0.08 4.1+0.6* *0.012
PaQ (kPa) 20.8+4.7 19.6+4.9 18.5+0.3 18.1+6.2 0.05
(A-a)PO, (kPa) 8.3+3.1 9.12+32 9.0+0.2" 133+ o.ggu 50.0002

70.00003

exBH Egch symbol indicates data with< 0.05 and corresponding value

Table 3. Postoperative changes of ventilatory parameters (mean + SD) related to laparoscopic cholecystectomy (LC) and open cholecystectomy

LC ocC

Postoperative days Postoperative days
Ventilatory p value
parameters Preoperative 1 2 3 Preoperative 1 2 3 LC vs. OC
FVC ml 3257 + 977 1755+719 2068 £997* 2334+878 3104 +959 1435+ 668 1503 +388* 2139+758  *0.02
FEV; ml 2642 + 947 1455+ 652 1580+ 773 1868+ 758 2602 + 763 1251 +542 1202 + 409 1726 £ 635 >0.05

FEF5_gsooml 1128 + 612 622 +412 769 + 535° 694 +£376 1056 +£531 553 + 440 403 + 218° 587+348 °0.01

°* Each symbol indicates data with< 0.05 and corresponding value

Table 4. Postoperative changes of arterial blood parameters, heart rate, and muscle strength (mean + SD) related to laparoscopic cholecystectomy
open cholecystectomy (OC)

LC oC
Postoperative days Postoperative days
p value
Parameters Preoperativel 2 3 Preoperative 1 2 3 LC vs. OC
PaQ (kPa) 11.7+1.8 109+24* 102+15 105+19 11.6+1.7 9.7+1.3* 9.7+17 103%15 *0.038
PaCQ (kPa) 51+04 5.0+0.4° 49+05 5.0+0.3°° 5.0+£0.5 4.6+05° 48+04 4.7 +0.5°° °0.009
°°0.018
SatQ, (%) 96.3+1.37 95+247 948+191 951+20 95.3+1.73 943%216 942%205 948+25 >0.05
(A-a)PG, (kPa) 20+14 3.0+x24 34z%19 3.2+20 22+13 4475 42+19 38+16 #0.01
pH 7.40+0.02 7.41+0.02 7.43+0.02 7.40+0.08 7.40+0.04 7.43+0.03 7.43+0.04 7.44+0.08 0.012
70.0003
Heart rate
(beats/min) 75.8+115 821+135 849+9.78 79.3+8.6 81.0+104 84.0x127 91.6+12.0 81.9+13.6 >0.05
Inspiratory muscle
strength (kPa) 39+18 3.6+19 34+16 3.8+18 47+11 3.0£18 4+18 3.8+1.6 >0.05
Expiratory muscle
strength (kPa) 47+1.7 43+17 3.7+x1.7 45+14 5.0+1.0 29+14 36+1.6 3.7+15 >0.05

ewcok #OHD Each symbol indicates data with< 0.05 and corresponding value

no difference between the groups in the location of paindence of postoperative fever (>38%9) & 0.2): fever oc-
(i.e., abdominal, shoulder, or thoracic) on days 1 and 3, eveourred in six LC patients and in 12 OC patients. Lamellar
though on day 2 the incidence of shoulder pain was higheatelectasis occurred in two LC patients, whereas three O
in the LC group p = 0.006). VAS scores measured at dayspatients had segmental atelectasis and another two h:
1, 2, and 3 were similar in the two groups of patients (1.35pneumonia (pneumonia was considered a major complice
+0.91in, 0.56 £ 0.59 in, 0.12 + 0.27 in, respectively, after tion). Hospital stay was significantly shorter after LC than
LC; 1.46 + 0.67, 0.55 £ 0.67, and 0.16 + 0.35, respectivelyafter OC (Table 1).

after OC). Pain intensity, as indicated by 1-2-3-day VPS Statistical analysis showed that, of all the preoperative
(1.5+1.4,1+1.2,and 0.3 £ 0.6, respectively, after LC; 2.1patient characteristics, an ASA class higher than | was th
+15,1.2+1.4,and 0.5 £ 0.9, respectively, after OC) andmajor risk factor, particularly for LC intraoperative cardio-
analgesic requirements after the first 10 h after surgerypulmonary abnormalities (PPV, 71.4%). An impairment of
(17% of both LC and OC cases) were low in the two studypulmonary function (FER_gso, < 900 ml and/or Pa®Q<
groups. No significant difference was observed in the inci-10.4 kPa) was a mild risk factor for the groups (Table 5).
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Table 5. Diagnostic efficacy of preoperative parameters in predicting intra- and/or postoperative hemodynamic and pulmonary abnormalities in |
scopic cholecystectomy (LC) and open cholecystectomy (OC)

Diagnostic efficacy

Sensitivity (%) abnormalities Specificity (%) abnormalities Positive predictive value (%) abnormalitie
Intra- Intra- Intra-
and/or and/or and/or
Preoperative Intraopera- Postopera- postopera- Intraopera- Postopera- postopera- Intraopera-  Postopera-  postopera-
parameters tive tive tive tive tive tive tive tive tive
LC
current smoking 25.0 25.0 25.0 80.0 80.0 80.9 16.6 16.6 33.3
obesity 20.0 25.0 22.2 62.5 64.0 60.0 10.0 10.0 20.0
ASA class >l 83.3 25.0 55.5 91.3 76.0 90.0 714 14.3 71.4
<pulmonary functioA 83.3 75 83.3 50.0 52.0 55.5 33.3 20 46.6
C
current smoking 20.0 16.6 20.0 55.5 52.3 48.6 13.0 13.0 21.7
obesity 46.7 41.1 35.0 77.7 76.7 75.0 411 41.1 50.0
ASA class >| 333 18.7 22.7 77.7 72.7 73.7 33.3 20.0 33.3
<pulmonary functioA 53.3 44.4 40.0 66.6 64.3 62.8 34.8 34.7 43.4

2Fef5_gse,< 900 ml and/or Pa@< 10.4 kPa

Discussion breathing and early mobilization, may explain the low in-
cidence of sublaminar atelectasis found by us even in th
Our experience is in accord with the latest data reported imbese, elderly and, A48 > | subsets, which are generally
the literature [6, 22, 24]. considered to be at risk after traditional surgery. This find-
The main advantages of LC over OC were found in theing is in partial agreement with those of other authors.
postoperative course. As has already been observed klphnson et al. [13] observed a low incidence of subclinica
many authors [9, 13, 15, 17, 18, 21, 23], LC patients wereatelectasis after LC (10% of cases). However, when the
characterized by a lesser reduction in overall lung functionapplied multiple regression analysis to patients >60 years c
lower morbidity, a faster recovery, and earlier dischargeage, patients with smoking habits, or patients with symp:
from hospital. In particular, our LC series experienced (a) @aoms of respiratory disease, the probability of atelectasi
lower reduction of oxygenation and ventilation-perfusionrose to 94%. Using CT, McAllister et al. [16] detected sub-
mismatching, as demonstrated by the lower increase in (Aelinical atelectasis and pleural effusion in one-third of their
a)PO,; (b) a higher and faster restoration of ventilatory pa-LC patients and focused on the clinical relevance that thi:
rameters, in particular for FVC and FEEg:,values; (c) no  fact may have in patients at risk for postoperative pneumo
change in inspiratory and expiratory muscle strength (versusia.
a severe decrease of the latter parameter for the overall OC LC postoperative changes are therefore qualitatively
postoperative course); (d) no significant abnormalities insimilar but significantly less marked than those seen witt
cardiovascular function (versus 8.3% after OC); and (e) ndC. Despite these favorable observations, the overall bel
major pulmonary complications and a lesser incidence o€fit of LC is still in question due to the considerable physi-
subclinical atelectasis (versus 8% after OC). In addition, nawlogic cardiopulmonary alterations that accompany surgery
patient basal characteristics were seen as statistically validl thorough understanding of these changes is imperative.
risk factors for postoperative abnormalities. is also necessary both to determine the minimum preoper:
In contrast to MacMahon et al. [17], we found no dif- tive risk factors and to design a system for monitoring anc
ferences in VBS or VAS pain score between the groups. Atnaintaining a satisfactory intraoperative course for all pa
any rate, requests for analgesic were low in all cases (17%ents [1, 14, 24, 25]. CQinsufflation and rT position are
after the first 10 h). the main problems, followed by abdominal distention, po-
Three aspects of our data are noteworthy. First, the retential hypercarbia, and acidosis [2, 3, 23, 25]. Cardiovas
duction of FEE_gse.after LC was half that after OC on day cular changes occur frequently, but, since they are the rest
2. This parameter, unlike VC and FEVs not effort-  of opposing local and sympathetic effects, they differ in the
dependent; therefore it is a better measurement of patiemarious series reported to date, as well as showing consi
functional condition. As observed by Johnson et al. [13], theerable variations for individual patients. Reduction of car-
fact that in LC cases, this value was only 70% of control ondiac output, impaired microcirculation of intraperitoneal or-
the 3rd postoperative day suggests residual pulmonary dygrans, increase of systemic vascular resistance and heart re
function at 72 h. Second, there were no changes in inspirdncrease of intracranial pressure, and dysrhythmias hav
tory and expiratory muscle strength. This finding was analso been reported with different results [5, 6, 11, 14, 24
indirect indication of minimal fatigue, good effort capacity, 25]. Although these changes are easily overcome in healtt
and no respiratory muscle weakness. It was probably due tpatients, they may have a serious clinical impact on patient
the minimal disruption of the abdominal wall muscles andwho are obese, or elderly with limited cardiovascular re-
the minimal inhibition of diaphragm reflex characteristic of serve, or suffering from coexisting lung, renal, or cerebra
laparoscopic access [4, 22]. These results, favoring deeglisease [3, 13, 23, 25]. In our experience, continuous intre
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operative monitoring of cardiovascular and pulmonary pa-References

rameters was essential (a) to control and modify physiologic ;
responses to the procedure that are not well tolerated, (b) to
avoid major complications, and (c) to identify risk factors.

When we compared the intraoperative course of LC
with OC, our results confirmed most of the earlier published

findings. Operative times were similar for both groups. The 3.

use of NO, which has been questioned in laparoscopic
surgery due to the possibility that it may cause bowel dis-
tension [23], was safe in both groups. The incidence of

intraoperative cardiopulmonary changes (soon reversed b.

increasing minute ventilation and oxygenation) was very
low and, at any rate, not statistically different from OC.

Most LC respiratory and hemodynamic parameters were
maintained near the desired values during the overall intra-

operative course. 7.

The main LC changes, as compared with OC, were a
major, even if not significantly different, decrease in com-

pliance and increase in pulmonary resistance (Ppeak), as.

well as a significant decrease in pH and increase in BaCO
As for monitoring tools, it was significant that, in contrast to
OC, end-tidal PCQwas not a reliable index of PaGQn
our series, monitoring arterial PG@vas essential, since in
most cases there was a great individual difference between
the two values (from 10% to 40%). This result was in agree-
ment with many earlier reports; the normal gradient of 0.4—
0.67 kPa between PaGGand EtCQ was markedly in-

creased in ASA IlI-IV patients, in those with a high venti- 12.

lation/perfusion rate, as well as during hyperventilation,
decreased cardiac output, or hypovolemia [1, 3, 25].
Among patient basal characteristics the only significant
factor of risk was an ASA class higher than one with a
sensitivity of 83% and a PPV of 71.4%. A preoperative
pulmonary impairment (FEE_gso, < 900 ml and Pa©<
10.4 kPa) had the same sensitivity (83.3%) but a low PPV
(33%).

16.

Conclusions

17.

The potential benefit of LC on postoperative cardiopulmo-
nary function must be weighed carefully against the detri-

mental intraoperative effects of G@neumoperitoneum, at 18.

least in patients with a high ASA class and in those with
pulmonary dysfunction. But even in these cases, our expe-
rience showed that LC is a safe procedure. We think that

intra- and postoperative cardiopulmonary abnormalities0.

may be avoided by maintaining a low insufflation pressure

(1.3-1.6 kPa) and a 10-15° head-up tilt; by intraoperativeﬂ'

monitoring of hemodynamic and respiratory parameters
(mainly compliance, Ppeak, and overall PCRy arterial

blood sampling); and by maintaining strict control of the 22.

intravascular volume in patients with cardiovascular prob-

lems. Some authors [14, 19] have suggested that preopergs

tive hydration may attenuate the reduction in preload caused

by pneumoperitoneum, whereas bioimpedance cardiogra4.

phy may be useful in monitoring patients susceptible to
myocardial ischemia. In addition, a multimodal approach to,
postoperative pain may help to promote pulmonary recov-
ery decrease the probability of atelectasis in patients at risk.
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