
for a large proportion of abdominal surgery.
Thus, to determine the risk factors of PPC af-
ter surgery for gallstone disease, we retro-
spectively studied 544 inpatients undergoing
open surgery for gallstone disease.

Material and Methods

Patients
A total of 544 consecutive patients who re-

ceived open surgery (not laparoscope opera-
tions) for gallstone disease in the Second Af-
filiated Hospital, Sun Yat-Sen University, dur-
ing October 2000 and October 2004, were en-
rolled in the study. Among these patients, 230
(42.28%) were males and 314 (57.72%) were
females. The average age was 54.29 ± 14.66
years old (ranging from 22 to 89 years old). 

The diagnosis of PPC was made according
to the criteria in Modern Operation Compli-
cations2. Fifty among 544 patients developed
PPC after the surgery, including 24 males and
26 females. The average age was 57.56 ±
15.35 years old (ranging from 30 to 87 years
old). The types of PPC included tracheobron-
chitis (21 cases), pleural effusion (9 cases),
pneumonia (8 cases), atelectasis (2 cases),
pneumonia with pleural effusion (5 cases),
hydropneumothorax (3 cases), pneumonia
with respiratory failure (1 case), and atelecta-
sis with pleural effusion (1 case). Surgical
types included cholecystectomy (4 cases),
Oddi’s sphincterotomy (7 cases), cholecystec-
tomy with exploration of common bile duct
(18 cases), cholecystectomy with partial hepa-
tectomy (19 cases), and partial hepatectomy
(2 cases).
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Abstract. – Objectives: To identify the risk
factors of postoperative pulmonary complica-
tions (PPC) after surgery for gallstone disease.

Methods: A total of 544 patients undergoing
open surgery for gallstone disease were retro-
spectively studied. Univariate and multivariate
logistic regression were used to analyze each
factor. 

Results: There were 24 factors relating to
PPC in univariate logistic analysis. And multi-
variate logistic analysis identified 5 independent
risk factors associated with PPC, including peri-
operative aerosol therapy (OR = 5.906), duration
of postoperative antacids therapy (OR = 1.145),
duration of operation (OR = 1.011), preoperative
serum albumin (OR = 0.689), postoperative anal-
gesia (OR = 0.059), Logistic regression equation
for predicting the risk of PPC was P(1) = 1/[1 + e-
(- 9.803 + 1.776 x A + 0.135 x B + 0.011 x C - 0.372
x D - 2.835 x E)]. 

Conclusion: Perioperative aerosol therapy,
duration of postoperative antacids therapy, du-
ration of operation, preoperative serum albumin
and postoperative analgesia were independent
risk factors associated with PPC in patients un-
dergoing surgery for gallstone disease. 

Key Words:

Gallstone disease, Postoperative pulmonary compli-
cations, Risk factors.

Introduction

Although the rapid development of mod-
ern surgery and anesthetic techniques, post-
operative pulmonary complications (PPC)
following abdominal surgery are frequent
and closely associated with the length of hos-
pital stay and the increased mortality1. Gall-
stone disease is very common, and accounts
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Four hundred and ninty four among 544
patients had no PPC, including 206 males and
288 femals. The average age was 53.96 ±
14.56 years old (ranging from 22 to 89 years
old). Surgical types included cholecystectomy
(212 cases), Oddi’s sphincterotomy (64 cases),
cholecystectomy with exploration of common
bile duct (146 cases), cholecystectomy with
partial hepatectomy (63 cases), and partial
hepatectomy (9 cases).

Indices
The following clinical data of the 544 pa-

tients were collected for analysis: gender,
age, body mass index (BMI, kg/m2), smok-
ing history, diabetes mellitus, heart dis-
eases, hypertension, cerebral diseases, res-
piratory diseases, electrocardiogram, chest
radiograph, hemoglobin (g/L), aspartate
aminotransferase (U/L), alanine amino-
transferase (U/L), alkaline phosphatase
(U/L), gamma-glutamyltransferase (U/L),
direct bilirubin (µmol/L), total bilirubin
(µmol/L), serum albumin (g/L), serum
globulin (g/L), blood urea nitrogen (BUN,
mmol/L), creatinine (µmol/L), total choles-
terol (TC, mmol/L), high density lipopro-
tein cholesterol (HDL-C, mmol/L), low
density lipoprotein cholesterol (LDL-C,
mmol/L), triglyceride (mmol/L), prothrom-
bin time (s), activated partial thrombo-
platin time (s), preoperative forced expira-
tory volume in one second (FEV1, L), pre-
operative forced vital capacity (FVC, L),
preoperative FEV1 to FVC ratio (FEV1/
FVC%), preoperative FVC percent of pre-
dicted value (FVC%), preoperative maxi-
mum ventilatory volume percent of predict-
ed value (MVV%), hepatic encephalopa-
thy, ascites, Child-Pugh classification, vol-
ume of preoperative erythrocyte transfu-
sion (ml), volume of preoperative plasma
transfusion (ml), length of preoperative an-
tibiotic therapy (d), duration of preopera-
tive antacids therapy (d), deep vein punc-
ture, length of preoperative stay (d), histo-
ry of respiratory infection in 2 weeks be-
fore operation (cured), ASA classification,
type of operation, duration of operation
(min), duration of anesthesia (min), type of
anesthesia, volume of blood loss during op-
eration (ml), total volume of intraoperative
fluid transfusion (ml), volume of intraoper-
ative isotonic solution transfusion (ml), vol-

ume of intraoperative colloid solution
transfusion (ml), volume of intraoperative
glucose solution transfusion (ml), total vol-
ume of intraoperative blood products trans-
fusion (ml), volume of intraoperative ery-
throcyte transfusion (ml), volume of intra-
operative whole blood transfusion (ml),
volume of intraoperative plasma transfu-
sion (ml), volume of intraoperative cryo-
precipitate transfusion (u), length of intra-
operative intratracheal intubation (min),
pH of arterial blood after operation, PaO2

of postoperative blood gas analysis (kPa),
PaCO2 of postoperative blood gas analysis
(kPa), length of postoperative ICU stay
(h), time of postoperative food intake (d),
postoperative analgesia, length of nasogas-
tric intubation (d), duration of postopera-
tive antacids therapy (d), length of postop-
erative intratracheal intubation (h), length
of postoperative mechanical ventilation (h),
perioperative aerosol therapy.

Statistical Analysis
Univariate and multivariate logistic re-

gression were used to analyze the 69 factors
listed above. Y was the dependent variable.
Y0 represented no PPC during 30 days after
surgery for the gallstone disease. On the
contrary, Y1 represented the occurrence of
PPC during 30 days after the operation. In-
dependent variable X1–X69 were the 69
factors listed above. The receiver operator
characteristic (ROC) statistic was calculated
to evaluate predicting efficiency of the lo-
gistic regression equation. All statistical
analyses were performed with SPSS 11.0
software package. P < 0.05 was considered
statistically significant.

Results

Results of Univariate Logistic Regression
Twenty-four out of 66 factors correlated

with PPC in univariate logistic analysis in-
cluded alkaline phospatase, duration of pre-
operative antacids therapy, length of preop-
erative stay, ascites, preoperative serum albu-
min, ASA classification, type of operation,
duration of operation, duration of anesthesia,
volume of blood loss during operation, total
volume of intraoperative fluid transfusion,
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volume of intraoperative isotonic solution
transfusion, volume of intraoperative colloid
solution transfusion, volume of intraopera-
tive glucose solution transfusion, total vol-
ume of intraoperative blood products trans-
fusion, volume of intraoperative erythrocyte
transfusion, length of intraoperative intratra-
cheal intubation, time of postoperative food
intake, postoperative analgesia, length of
postoperative intratracheal intubation, length
of postoperative mechanical ventilation,

length of nasogastric intubation, duration of
postoperative antacids therapy, and perioper-
ative aerosol therapy (see Table I).

Results of Multivariate Logistic Regression
The risk factors for PPC were screened out

by multivariable logistic regression, including
perioperative aerosol therapy, duration of
postoperative antacids therapy, duration of
operation, preoperative serum albumin, and
postoperative analgesia (see Table II). 
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Clinical data PPC group Non-PPC group 95% confidence
(50 cases) (494 cases) OR P value interval

Alkaline phosphatase [(χ– ± s) U/L] 188.84 ± 159.00 143.98 ± 131.95 1.002 0.030 1.000-1.004
Duration of preoperative antacids 4.80 ± 4.46 3.16 ± 4.11 1.079 0.010 1.018-1.144
therapy [(χ– ± s) d]

Length of preoperative stay 0.28 ± 0.45 0.14 ± 0.34 2.436 0.009 1.249-4.752
[(χ– ± s) d]

Ascites 2 (4.00%) 3 (0.61%) 6.819 0.038 1.112-41.818
Preoperative serum albumin 35.31 ± 4.85 41.46 ± 4.44 0.744 0.000 0.690-0.801
[(χ– ± s) g/L]

ASA classification 2.398 0.001 1.460-3.940
Type of operation 1.525 0.000 1.289-1.803
Duration of operation[(χ– ± s) min] 188.90 ± 74.82 125.59 ± 68.75 1.010 0.000 1.007-1.014
Duration of anesthesia [(χ– ± s) min] 262.40 ± 79.73 192.76 ± 80.29 1.009 0.000 1.006-1.012
Volume of blood loss during 370.00 ± 376.07 172.02 ± 255.07 1.002 0.000 1.001-1.002
operation [(χ– ± s) ml]

Total volume of intraoperative 2408.00 ± 918.93 1798.28 ± 853.39 1.001 0.000 1.000-1.001
fluid transfusion [(χ– ± s) ml]

Volume of intraoperative isotonic 1520.00 ± 543.61 1218.22 ± 579.94 1.001 0.001 1.000-1.001
solution transfusion 
[([(χ– ± s) d]) ml]

Volume of intraoperative colloid 686.00 ± 360.28 488.06 ± 373.68 1.001 0.001 1.001-1.002
solution transfusion [(χ– ± s) ml]

Volume of intraoperative glucose 72.00 ± 202.07 27.63 ± 110.09 1.002 0.020 1.000-1.004
solution transfusion [(χ– ± s) ml]

Total volume of intraoperative 126.00 ± 289.13 48.18 ± 181.32 1.001 0.012 1.000-1.002
blood products transfusion
[(χ– ± s) ml]

Volume of intraoperative 92.00 ± 189.35 27.13 ± 114.97 1.002 0.003 1.001-1.004
erythrocyte transfusion
[(χ– ± s) ml]

Length of intraoperative 151.60 ± 125.94 63.38 ± 102.60 1.006 0.000 1.004-1.009
intratracheal intubation
[(χ– ± s) min]

Time of postoperative 4.08 ± 1.66 3.12 ± 1.54 1.381 0.000 1.175-1.622
food intake [(χ– ± s) d]

Postoperative analgesia 13 (26.00%) 324 (65.59%) 0.184 0.000 0.095-0.356
Length of nasogastric 2.06 ± 1.93 1.42 ± 1.58 1.240 0.009 1.056-1.456
intubation [(χ– ± s) d]

Duration of postoperative 5.86 ± 7.12 2.52 ± 3.82 1.129 0.000 1.070-1.190
antacids therapy [(χ– ± s) d]

Length of postoperative 3.18 ± 10.47 5.466E-02 ± 1.01 1.241 0.001 1.087-1.417
intratracheal intubation [(χ– ± s) h]

Length of postoperative 3.12 ± 10.38 5.263E-02 ± 1.01 1.247 0.002 1.088-1.431
mechanical ventilation [(χ– ± s) h]

Perioperative aerosol therapy 40 (80.00%) 162 (32.79%) 8.197 0.000 3.998-16.804

Table I. Comparisons of clinical data between PPC group and non-PPC group and results of univariate logistic regression.
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Logistic regression equation for predicting
the risk for PPC is P(1) = 1/[1 + e-(-9.803 +
1.776 × A + 0.135 × B + 0.011 × C-0.372 × D-
2.835 × E)], where A = perioperative aerosol
therapy, B = duration of postoperative
antacids therapy, C = duration of operation,
D = preoperative serum albumin, E = postop-
erative analgesia. ROC curve: C = 0.749.

Discussion

It was reported that the use of nebulizer
was a risk factor for hospital aquired pneu-
monia3. Poe RH et al studied 209 cases re-
ceiving selected cholecystectomy, and found
that all the patients with PPC received special
respiratory therapy before the surgery, such
as bronchodilator or inhalation antibiotic
therapy4. In our study, both univariate and
multivariate logistic regression indicated that
perioperative aerosol therapy was the risk
factor of PPC. Thus, the indication for
aerosol therapy should be evaluated cau-
tiously, and the inhalation device should be
strictly sterilized.

Postoperation patients often received
antacid therapy (acid neutralizing drugs, H2

receptor antagonists, proton pump inhibitor)
in order to prevent stress ulcer and intestinal
bleeding. Our results indicated that postoper-
ative antacids therapy was a independent risk
factor for PPC. It was reported that, gastric
and duodenal bacterial overgrowth frequent-
ly occured in conditions where diminished
acid secretion was present, and gastric pH
was positively related to the hospital aquired
pneumonia. A clinical study on inpatient
showed that, compared with the control
group, 90% of patients in ranitidine group
had bacteria implanting in the stomach 48

hours after taking the medicine, and the rate
of pneumonia significantly increased (81% vs
50%)5. In patients with intratracheal intuba-
tion, the rate of pneumonia was twice higher
in patients receiving H2 receptor antagonists
than in patients receiving sucralfate which
didn’t increase the gastric pH6.

In our study, duration of operation was re-
lated to PPC in both univariate and multi-
variable logistic analysis. Kroenke K7 studied
PPC in patients with severe chronic obstruc-
tive pulmonary disease, and found that when
the durations of the operations were classi-
fied as less than 1 hour, 1 to 2 hours, 2 to 4
hours, and more than 4 hours, the rates of
postoperative pulmonary complications were
4%, 23%, 38%, and 73%, respectively. PPC
significantly increased with duration of
surgery. Maybe it was associated with the
progressively deteriorating pulmonary im-
munologic function during anesthesia and
surgery, which increased the possibility of
postoperative infection8.

Researches indicated that serum albumin
played an important role in predicting the risk
of PPC. Smetana9 reported that low serum al-
bumin was associated with PPC. Our study al-
so found that preoperative albumin level was
the independent risk factor for predicting
PPC. Preoperative low serum albumin is re-
lated to the severity of underlying diseases.
Comorbid diseases, such as functional failure
of heart, liver, or kidney, are common in pa-
tients with low serum albumin. Fluid leaks out
into the interstitial space, resulting from the
lower serum colloid osmotic pressure. It can
lead to edema and attenuate the function of
material transportation and alimentation.
This is disadvantageous to the recovery after
operation, and increases the risk for PPC.

In our study, postoperative analgesia was
proved to be a independent risk factor for
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95% confidence
Risk factors Parameter estimate S.E OR interval P value

Perioperative aerosol therapy 1.776 0.514 5.906 2.155-16.187 0.001
Duration of postoperative 0.135 0.048 1.145 1.041-1.258 0.005
antacids therapy

Duration of operation 0.011 0.003 1.011 1.005-1.018 0.000
Preoperative serum albumin -0.372 0.059 0.689 0.614-0.774 0.000
Postoperative analgesia -2.835 0.535 0.059 0.021-0.168 0.000

Table II. Risk factors associated with PPC by multivariate logistic regression.



PPC by univariate and multivariable logistic
analysis. In patients received upper abdom-
inal operation under epidural anesthesia,
early postoperative pulmonary dysfunction
was often attributed to pain and visceral ir-
ritation caused by operation. Postoperative
incision pain induced the reflex spasm in
abdominal muscle, which restricted the ac-
tivities and deterred patients from effec-
tively coughing up the sputum. This also
changed the normal repiratory pattern and
rhythm, decreased the functional residual
capacity, and impaired the ventilation func-
tion. Thus, proper analgesia could decrease
PPC. Postoperative epidural anesthesia not
only relieved the pain, but also decreased
the abdominal muscle tone and increased
pulmonary compliance, which lead to the
improvement of pulmonary function. And
local analgesic absorbed by epidural vessels
could excite the central nerve system direct-
ly. Furthermore, blockage of the posterior
root of thoracic spinal nerve could stop the
suppressive reflex from the body and the
gut to the central nerve system. Therefore,
the inhibition of diaphragm decreased. And
postoperative analgesia could make the pa-
tient calm down and improve respiratory
efficiency. 

ASA classification was significantly related
to PPC in univariate logistic analysis (OR =
2.398). ASA classification reflects the basic
conditions of patients, and provides a way to
predict their anesthetic and surgical risks.
Hall et al1 also identified that ASA classifica-
tion was an important factor for predicting
PPC and found that combination of an ASA
classification > 1 and an age > 59 years could
identify 88% of the patients who subsequent-
ly develop PPC. In our study, we also found
that Volume of blood loss during operation
and blood transfusion was significantly asso-
ciated with the risk of PPC in univariate lo-
gistic analysis. It was reported that blood loss
more than 1200 mL was significantly associat-
ed with postoperative pneumonia10. Duke et
al11 found that blood transfusion significantly
increased the risk for perioperative infection
and respiratory complication. Intratracheal
intubation is required in general anesthesia.
However, intratracheal intubation destroys
the normal defensive system of the respirato-
ry tract by damaging mucosa of the air way
and impairs the cleaning capacity of cilia,

thus facilitating the stay and proliferation of
bacteria. Helling et al12 reported that the in-
fection rate in postoperative patients with in-
tratracheal intubation reached 17%. Postop-
erative patients almost routinely required na-
sogastric intubation. Nasogastric intubation
might disturb the function of esophagus and
gastrointestine, damage the mucosa of phar-
ynx, and facilitate the stay of bacteria. Be-
sides, nasogastric intubation might lead to as-
piration. The risk for infection increases with
the length of intubation.

The occurrence of pulmonary complica-
tions in patients undergoing open surgery
for gallstone disease results from the coop-
eration of several factors. In some cases,
several risk factors coexist, which greatly
increases the risk of postoperative pul-
monary complication. Our result showed
that it was wise to keep alert for PPC in pa-
tients with perioperative aerosol therapy,
low preoperative serum albumin, long du-
ration of operation, postoperative excessive
antacids therapy, or without proper postop-
erative analgesia.
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