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BACKGROUND: Cough impairment is often described as part of the pathophysiological basis of
postoperative pulmonary complications (PPCs). However, there have been few studies examining
cough effectiveness and its relationship with PPCs following open upper abdominal surgery. The
goal of this study was to estimate (1) changes in cough efficacy after upper abdominal surgery
through the assessment of peak cough flow and (2) the extent to which cough impairment is
associated with postoperative pain, FVC, and risk of PPCs. METHODS: This prospective cohort
study assessed 101 subjects (45% male, 56 � 16 y old) admitted for elective upper abdominal
surgery. Measurements of peak cough flow and FVC were performed on the day before surgery and
repeated on postoperative days 1, 3, and 5. PPCs were assessed daily by a pulmonologist blinded to
the cough measurement results. RESULTS: Peak cough flow dropped to 54% of the preoperative
value on postoperative day 1 and gradually increased on postoperative days 3 (65%) and 5 (72%)
(P < .05). On all postoperative days, peak cough flow was strongly correlated with FVC (P < .001)
and weakly correlated with pain (P � .006). Six subjects (6%) developed PPCs. The association
between peak cough flow and risk of PPCs was not statistically significant (unadjusted odds ratio
of 0.80, 95% CI 0.45–1.40, P � .44; adjusted odds ratio of 0.66, 95% CI 0.32–1.38, P � .41).
CONCLUSIONS: Cough effectiveness is impaired after upper abdominal surgery. Postoperative
restrictive lung dysfunction seems to be associated with this impairment. There is no significant
association between peak cough flow and PPCs; however, cough impairment might result in clin-
ically important consequences in a high-risk population. Key words: cough; risk factors; surgery;
postoperative complications; postoperative care. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Postoperative pulmonary complications (PPCs) are an
important cause of morbidity following upper abdominal

surgery and contribute to significant increases in hospital
length of stay and health-care costs.1 A patient’s inability
to cough effectively after surgery is often described as part
of the pathophysiological basis of PPCs, as it may lead to
excessive accumulation of pulmonary secretions and in-
crease the risk of obstructive atelectasis and respiratory
infections.2 Postoperative pain and restrictive lung dys-
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function are believed to be important factors associated
with cough impairment.2

Despite the relevance of this topic for clinicians in-
volved in the respiratory care of patients undergoing upper
abdominal surgery, there have been few studies examining
cough efficacy in this surgical population. Also, there is
still no empirical evidence that cough impairment is a risk
factor for PPCs. In this study, we aimed to quantify changes
in cough efficacy after upper abdominal surgery through
assessment of peak cough flow and estimate the extent to
which cough impairment is associated with postoperative
pain, FVC, and PPC risk.

Methods

Design

This was a prospective cohort study. Our protocol was
approved by the local ethics committee, and all subjects
provided written informed consent.

Subjects

Adult patients (� 18 y old) admitted for elective upper
abdominal surgery at a university tertiary hospital were
considered for inclusion. Upper abdominal surgery was
defined as any surgical procedure performed through an
incision above or extending above the umbilicus.3 The
exclusion criteria included neuromuscular or cognitive dis-
eases, inability to perform the proposed measures, or pre-
vious abdominal surgery. Subjects were withdrawn from
the study in cases of surgery cancellation, orotracheal in-
tubation for � 24 h, surgery through a thoracic approach,
intraoperative death, or reoperation.

Procedures

All subjects underwent standardized preoperative as-
sessment, including complete medical history and physical
examination. Clinical diagnosis of chronic respiratory dis-
ease (eg, COPD, asthma) or presence of respiratory symp-
toms (eg, dyspnea, cough, mucus retention) was consid-
ered a respiratory comorbidity. Measurement of peak cough
flow was performed on the day before surgery and re-
peated on postoperative days 1, 3, and 5. Pain assessment
and complete spirometry were performed at the same time
intervals after the cough evaluation. Development of PPCs
was assessed daily by a pulmonary physician who was
blinded to the cough measurement results. Subjects were
treated in a traditional postoperative care environment (ie,
we did not use an enhanced recovery protocol at the time
of data collection) and underwent standardized physiother-
apy sessions (breathing exercises and ambulation) daily
from postoperative day 1 until hospital discharge. During

the period of data collection, opioid-based patient-con-
trolled analgesia was the standard pain management reg-
imen used in our institution.

Cough Measurement

Peak cough flow is considered a relevant measure of
cough efficacy, as mucus clearance is largely dependent
on the magnitude of expiratory flow during cough.4 This
measure can be accurately taken at the bedside using por-
table devices such as handheld spirometers or flow me-
ters.5,6 In this study, peak cough flow was measured with
a portable spirometer (MIR Spirobank, Rome, Italy) con-
nected to an oronasal mask (Adult 5, Vital Signs, Totowa,
New Jersey). All measures were taken by a trained phys-
iotherapist using the technique described by Fiore et al.6

Subjects sat in a semirecumbent position (60°) and were
instructed to “take a deep breath and cough as forcefully as
possible.” Five measures were performed with intervals of
30 s between each. Therefore, the 3 highest peak cough
flow values were considered for analysis. The spirometer
was calibrated before each evaluation day according to the
manufacturer’s recommendation. The assessor was respon-
sible for adjusting the mask on the subject’s face to pre-
vent air leakage. Pain during cough was evaluated using a
visual numeric scale graduated from 0 (minimum) to 10
(maximum)7 after each measurement session. After cough
measurement, spirometry was performed according to
American Thoracic Society recommendations.8 FVC was
the main lung function variable of interest in this study, as
reduced FVC is considered a proxy for restrictive lung
dysfunction.9

QUICK LOOK

Current knowledge

Postoperative pulmonary complications (PPCs) are com-
mon and costly. PPCs are a leading cause of morbidity
and mortality following upper abdominal surgery and
contribute to prolonged hospital stays and costs. Inef-
fective cough secondary to pain can lead to retained
secretions and reduced lung volumes, promoting atel-
ectasis.

What this paper contributes to our knowledge

Cough efficacy was significantly impaired following
upper abdominal surgery. Postoperative restrictive lung
dysfunction was associated with impaired cough, but
there was no association between the measured peak
cough flow and development of a PPC.
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Postoperative Pulmonary Complications

Subjects were followed for development of PPCs from
the day of surgery to hospital discharge. Postoperative
pulmonary complications were defined by the occurrence
of one or more of the following10,11: (1) pneumonia, the
presence of radiological evidence of pulmonary infiltra-
tion associated with at least 2 of the following criteria:
purulent sputum, elevated body temperature (� 38.0°C),
and leukocytosis (� 25% above baseline preoperative val-
ue); (2) tracheobronchitis, a marked increase in sputum
production or presence of purulent sputum in a subject
with a normal chest x-ray; (3) atelectasis with clinical
repercussion, radiological evidence of atelectasis associ-
ated with dyspnea; (4) acute respiratory failure, acute de-
ficiency of gas exchange with necessity for invasive or
noninvasive mechanical ventilation; and (5) bronchocon-
striction, the presence of wheezing associated with dys-
pnea requiring bronchodilator prescription or change in
preoperative bronchodilator dosage.

Statistical Analysis

The sample size requirement for this study was calcu-
lated based on the results of our pilot data (n � 18) show-
ing a difference of 1.5 L/s (SD of 1.7 L/s) in peak cough
flow between subjects who developed PPCs and those
who did not. We used a formula for unequal group sizes12

expecting an incidence of PPCs of 14%.10 According to
this calculation, a sample of 100 subjects (13 with PPCs
and 87 without PPCs) was necessary to provide a statisti-
cal power of 80% with a 2-sided .05 significance level.
Data analysis was performed using Stata 12.0 (StataCorp,
College Station, Texas). Peak cough flow data were treated
as normally distributed as per analysis of skewness and
kurtosis. One-way analysis of variance (repeated measures)
was used to compare peak cough flow across the 4 mea-
surement times (preoperative and postoperative days 1, 3,
and 5). We used paired t tests with adjustment for multiple
comparisons (Bonferroni approach) to assess pairwise dif-
ferences. The relationship between peak cough flow with
pain and FVC on each postoperative day was examined
using Pearson correlation coefficients (r). The strength of
correlations was classified as very weak (r � 0–0.19),
weak (r � 0.2–0.39), moderate (r � 0.40–0.59), strong
(r � 0.6–0.79), and very strong (r � 0.8–1).13 We used
logistic regression to estimate the association between peak
cough flow on postoperative day 1 and risk of PPCs. Ad-
justments were made for potential confounders (preoper-
ative peak cough flow, sex, age, body mass index, and
presence of respiratory comorbidities). Odds ratios were
interpreted as the impact of a 1-unit increase in peak cough
flow on the odds of developing PPCs. Cough measures
obtained on postoperative days 3 and 5 were not included

in the regression analysis due to potential for bias (lower
peak cough flow in these measurement times can be a
consequence of the presence of PPCs and not a risk factor
for their development). Results were considered statisti-
cally significant when P � .05 and/or 95% CIs did not
include 1. For pairwise comparisons of peak cough flow
across the 4 measurement times, P � .008 was considered
statistically significant after the Bonferroni correction.

Results

Of 130 consecutive subjects screened over a period of
2 y, 101 were included in the analysis. Three subjects were
excluded because of cognitive deficits. Twenty-five sub-
jects were withdrawn from the study after initial assess-
ment because of surgery cancellation (n � 7), laparoscopic
approach (n � 4), or mechanical ventilation for � 24 h
(n � 14). One patient refused to perform the postoperative
assessment. The characteristics of the subjects are sum-
marized in Table 1.

Figure 1 shows the progression of peak cough flow over
the perioperative period. Peak cough flow dropped to 54%
of the preoperative value on postoperative day 1
(6.40 � 2.09 L/s vs 3.41 � 1.53 L/s, P � .001) and
gradually increased on postoperative day 3 (4.18 � 0.92 L/s,
P � .001) and postoperative day 5 (4.69 � 1.92 L/s,
P � .001). In the last measurement time (postoperative
day 5), peak cough flow was still significantly lower (72%)
in relation to the preoperative value (P � .001). We found
a strong positive correlation between peak cough flow and

Table 1. Characteristics of Subjects

Characteristic Values

Subjects, n 101
Age, mean � SD, y 56 � 16
Males, n (%) 45 (45)
Respiratory comorbidity, n (%) 15 (15)
Current smoker, n (%) 32 (32)
Preoperative FVC, mean � SD, % predicted 94 � 26
Preoperative FEV1, mean � SD, % predicted 92 � 25
Preoperative peak cough flow, mean � SD, L/s 6.40 � 2.09
Type of surgery, n (%)

Colorectal 32 (32)
Gastric 21 (21)
Hepatobiliary 11 (11)
Esophageal 7 (7)
Pancreatic 4 (4)
Exploratory laparotomy 20 (20)
Hernia repair 6 (6)

Time of anesthesia, mean � SD, min 372 � 123
Type of postoperative analgesia, n (%)

Intravenous 71 (70)
Epidural 30 (30)
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FVC on all postoperative days (postoperative day 1:
r � 0.74, P � .001; postoperative day 3: r � 0.80, P � .001;
postoperative day 5: r � 0.77, P � .001). Peak cough flow
was negatively correlated with pain scores, but the corre-
lation was weak (postoperative day 1: r � �0.27, P � .005;
postoperative day 2: r � �0.27, P � .002; postoperative
day 5: r � �0.34, P � .006).

Postoperative pulmonary complications were diagnosed
in 6 subjects (6%). Logistic regression results are pre-
sented in Table 2. The association between peak cough
flow on postoperative day 1 and risk of PPCs was not
statistically significant in the unadjusted analysis (odds
ratio of 0.80, 95% CI 0.45–1.40, P � .44) or in the ad-
justed analysis (odds ratio of 0.66, 95% CI 0.32–1.38,
P � .41).

Discussion

The results from this prospective cohort study confirm
the hypothesis that cough efficacy is impaired in the post-
operative period following upper abdominal surgery. Peak
cough flow dropped to 54% of the preoperative value on
postoperative day 1. On postoperative day 5, peak cough
flow was still significantly lower (72%) in relation to the
measurements observed before surgery. Peak cough flow

was strongly correlated with FVC and weakly correlated
with pain during cough. Six subjects in our cohort (6%)
developed PPCs. Lower peak cough flow on postoperative
day 1 tended to increase the risk of PPCs without reaching
statistical significance.

A major strength of this study was that it involved a
large sample of subjects undergoing open upper abdomi-
nal surgery; therefore, our results are likely to be repre-
sentative of peak cough flow progression in the postoper-
ative period. Consecutive subjects undergoing a wide
variety of procedures were included to avoid sampling
bias. We used data that were prospectively collected in a
standardized manner, which potentially reduced variance
in the quality of information recorded. The criteria used to
define PPCs were rigorous and clinically relevant in rela-
tion to impact on morbidity and hospital stay.10,11

This study has the limitations of observational studies in
attributing causality and controlling for confounders. As
only subjects undergoing open upper abdominal surgery
were included in the analysis, our results cannot be ex-
trapolated to lower abdominal procedures or laparoscopic
surgery. Another important limitation that needs to be noted
is that the incidence of PPCs in our cohort may not have
been large enough to ensure that the logistic regression
analysis had adequate statistical power. We performed an
a priori sample size estimation based on the incidence of
PPCs observed in a previous study by our research group
(14%)10; however, the incidence found in the current study
was lower (6%). As both studies were conducted in the
same surgical unit, involved similar populations, and used
the same criteria to define PPCs, we hypothesize that the
lower incidence is attributed to changes in perioperative
care in recent years (ie, use of more aggressive regimens
of early mobilization and respiratory physiotherapy, im-
provements in postoperative analgesia, and selective use
of nasogastric tubes). We cannot exclude the possibility
that the association between peak cough flow and risk of
PPCs could become significant if the sample size was
increased.

The incidence of PPCs after upper abdominal surgery
reported in the literature has been widely variable. In a
review spanning 1980–2005, Smetana et al1 identified 9
studies focused on open abdominal surgeries with inci-
dence of PPCs ranging from 0.9% to 69.5%. This vari-
ability was attributed to differences in criteria used to de-
fine PPCs, assessment times, and inclusion/exclusion
criteria. The incidence of PPCs observed in our study is
comparable to that (7%) observed by Smith et al14 and
Canet et al,15 who used similar diagnostic criteria. A study
by our research group also found similar PPC rates (7.2%).16

To the best of our knowledge, our study is the first to
measure the influence of upper abdominal surgery on cough
efficacy and to assess the relationship of peak cough flow
with incision pain, FVC, and risk of PPCs. Previous liter-

Fig. 1. Progression of peak cough flow over the perioperative pe-
riod. POD � postoperative day. * P � .001 compared with previ-
ous measurements. Data are shown as mean � SD.

Table 2. Univariate and Multivariate Logistic Regression
Estimating the Relationship Between Peak Cough Flow
on Postoperative Day 1 and Risk of Postoperative
Pulmonary Complications

Odds ratio (95% CI) P

Univariate analysis 0.80 (0.45–1.40) .44
Multivariate analysis† 0.66 (0.32–1.38) .41

† Multivariate analysis was adjusted for preoperative peak cough flow, sex, age, body mass
index, and presence of respiratory comorbidities.
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ature assessing cough function in this patient population
was limited to a small study (n � 24) that demonstrated
that the threshold for triggering a reflex cough by chemical
irritation (capsicum and citric acid) was significantly in-
creased on postoperative day 1 and returned to preopera-
tive values on postoperative day 4.17 The authors specu-
lated that the use of opioid analgesia may be mainly
responsible for suppression of the cough reflex. There is
also limited literature evaluating postoperative cough in
other surgical populations. In a study of subjects under-
going thoracotomy (n � 24), cough reflex and intrapleural
pressure during cough were reduced in the immediate post-
operative period.18 Subjects who developed PPCs (chest
infection) tended to have lower cough intrapleural pres-
sure, but, as in our study, the difference did not reach
statistical significance. As these studies were published
� 20 y ago, caution should be taken to generalize their
findings to the current time.

It has been suggested that restrictive lung dysfunction
and postoperative pain are important factors leading to
reduced cough efficacy after surgery.2 In the present study,
peak cough flow was strongly correlated with FVC and
weakly correlated with incision pain. This finding suggests
that the presence of restrictive lung dysfunction may be an
important factor leading to impaired cough efficacy after
surgery. Reduction of lung volume due to general anes-
thesia, diaphragmatic dysfunction, and abdominal disten-
tion is believed to be the cause of this restrictive pat-
tern.19,20 We speculate that reduction of lung volume
impairs cough efficacy by altering the length-tension re-
lationship of expiratory muscles and decreasing pleural
and lung recoil pressures during cough. Although Tokuda
et al21 showed improvement in peak cough flow during the
use of transcutaneous electrical nerve stimulation for treat-
ment of postoperative pain in this population, in our study,
the correlation between incision pain and peak cough flow
was significant but weak. This result may have been in-
fluenced by the subjectivity of pain measurements, small
sample size, and preoperative individual characteristics.

Cough techniques are often included in the management
of postoperative patients to improve cough efficacy and
reduce the risk of PPCs. After abdominal surgery, it is a
common recommendation that patients cough following a
maximum inspiration while supporting their incision, re-
peating the technique at regular intervals (eg, every hour).22

Overall, our results do not support that reduced cough
efficacy is a significant contributor for risk of PPCs. This
questions the need for implementing strategies to improve
cough in the postoperative period. Several randomized con-
trolled trials have evaluated cough techniques as part of a
comprehensive physiotherapy treatment of patients under-
going abdominal surgery23; however, these studies were
often methodologically flawed, and results were inconsis-
tent. Mackay et al24 found no significant differences in

PPC rates of subjects who received cough instructions as
part of a physiotherapy treatment (17%) compared with
those who did not (14%). This suggests that most patients
may cough and clear mucus independently without the
need for specific interventions. Further studies are required
to better elucidate the potential role of cough interventions
in the postoperative period.

Conclusions

Our findings support the hypothesis that cough efficacy
is impaired in the postoperative period after upper abdom-
inal surgery. Postoperative restrictive lung dysfunction
seems to be associated with this impairment. There was no
significant association between peak cough flow and PPCs;
however, cough impairment might result in clinically im-
portant consequences in a high-risk population. Future stud-
ies should investigate whether similar results are observed
in specific patient subgroups (eg, those at higher risk for
PPCs).
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