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Background: Only few studies have attempted to evaluate the pulmonary function in the early phase of
acute pancreatitis (AP), although pulmonary dysfunction is the most frequent complication in the early
phase of AP. We aimed to evaluate the changes in pulmonary function tests during the early phase of AP.
Methods: Prospective cohort study including 44 patients (52% men; median age 54 years) admitted with
first attack of AP and 22 healthy controls. Patients underwent assessments on day 1, 2, 3, 6, and 10 as well
as one month after discharge. Pulmonary function tests included the % predicted: forced expiratory
volume during the first second (FEV1), forced vital capacity (FVC), total lung capacity (TLC), diffusion lung
capacity (DLCO) and the ratio between DLCO and alveolar volume (DLCO/VA).
Results: In total, 9% developed severe acute pancreatitis, 7% died, and 14% required treatment at the
intensive or semi-intensive care unit. From admission, patients had impaired FEV1, FVC, DLCO, and TLC
compared with controls (p< 0.0001 in all analyses). Patients with CRP >150mg/L had significantly lower
lung function tests. One month after discharge, lung function tests improved but patients had lower FEV1
(p¼ 0.014), FVC (p¼ 0.022), TLC (p¼ 0.020), and DLCO (p< 0.001) compared with controls.
Conclusion: This study found that patients with AP had evidence of pulmonary impairment from the first
day after hospital admission. The impairment lasted several weeks after hospital discharge.
© 2019 IAP and EPC. Published by Elsevier B.V. All rights reserved.
Introduction

Acute pancreatitis (AP) is an acute inflammatory process of the
pancreas with variable involvement of local tissue and remote or-
gans. The annual incidence is approximately 13e45 cases per
100.000 inhabitants [1,2]. Approximately 20% of the patients will
develop severe AP, characterized by organ failure that may lead to
death [3].

During the early phase, which lasts about one to two weeks,
about two thirds of the patients with severe AP develop respiratory
complications [4]. The severity ranges from mild hypoxia to acute
respiratory distress syndrome (ARDS). The pathophysiological
mechanisms are complex. Activated pancreatic enzymes are
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important mediators of severe pancreatic inflammation and sys-
temic toxicity including activation of the complement system, over
activation of the leucocyte system, and the involvement of the in-
flammatory mediators, which in turn lead to pulmonary endothe-
lial and epithelial barrier dysfunction [5]. Several studies have
evaluated pulmonary complications based on arterial blood gasses,
chest X-rays and computerized tomography (CT) scans [6,7]. These
methods will capture the clinical pulmonary complications, but not
the pulmonary function and potential damage over the alveolar-
capillary membrane. Only few studies have attempted to evaluate
the pulmonary function in the early phase of AP and with con-
flicting results [8,9]. In the present prospective observational study,
we serially evaluated the pulmonary function and gas exchange of
patients admitted with their first attack of AP.

Methods

We consecutively included patients with their first attack of AP
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regardless of aetiology or disease severity admitted to our depart-
ment in the period February 2016 to June 2017. The study was
approved by the Danish National Committee on Health Research
Ethics (H-15007459). Informed consent was obtained from all pa-
tients and controls. Our inclusion criteria were first attack of AP
based on revised Atlanta criteria [3]. Severe AP was defined as
persistent organ failure lasting more than 48 h.

We collected baseline information including age, aetiology,
comorbidities, previous lung disease, American Society of Anaes-
thesiologists (ASA) score, Charlson Co-morbidity Index (CCI) [10],
body mass index (BMI), current and previous smoking status, in-
terval between onset of abdominal pain and admission to the
hospital.

On days 1, 3, 6, and 10 as well as one month after discharge, we
evaluated patients clinically and measured plasma values of c-
reactive protein CRP, white blood count (WBC), amylase and albu-
min, evaluated Cumulated Ambulation Score (CAS), hand-grip
strength (HGS) test, and performed chest x-rays. Lung function
was assessed by NDD EasyOne Pro (version 3.19), ndd Medi-
zintechnik AG, Zürich, Switzerland. Lung assessment included %
predicted forced expiratory volume during the first second (FEV1),
forced vital capacity (FVC), total lung capacity (TLC) and diffusion
lung capacity (DLCO). We included 22 matched healthy controls
(median age 54 (IQR 38 to 61) years and 42%men) with no previous
medical history. None used medication. None of the controls had
asthma or chronic pulmonary disease.

Chest X-rays were reviewed by radiologists and presence of
atelectasis, pleural infusion and pneumonia was registered. In
addition, we registered need for oxygen supply, continuous airway
pressure (CPAP), pleuroscentesis, mechanical ventilation, bron-
chodilators and steroids.

Statistics

We used STATA version 15 for Windows (STATA Corp, Texas,
USA) for the statistical analyses. Patient characteristics were sum-
marized using medians with interquartile range (IQR) or pro-
portions. Groups were compared using Mann-Whitney U test or
Chi-Square.

Results

We included 44 patients (Table 1). Included patients had AP due
to gallstones (66%), alcohol (20%) or other causes (14%). Thirty-two
percent had an ASA score of 3 and 73%were admittedwithin 24 h of
Table 1
Baseline characteristics of 44 patients with acute pancreatiti

Characteristics

Men
Age
Body Mass Index (BMI)
Aetiology: Gallstone/alcohol/other causes
Charlson Comorbidity Index 0 to 1/2 to 5 points
American Society of Anaesthesiologists (ASA) score 1/2/3
<24 h from onset of symptoms to admission
Haemoglobin
C-reactive protein
Amylase
Alanine aminotransferase
Alkaline phosphatase
Bilirubin
INR
Albumin
Creatinine
Blood glucose
the onset of symptoms. Thirteen patients (30%) were smokers at the
time of enrollment. All patients had elevated plasma levels of CRP,
White Blood Cell count and amylase as well as low albumin at
admission. Patients had a lower median HGS compared with con-
trols (50.5 (IQR 34.5 to 81) vs. 75.25 (IQR 63.67 to 100.1);
p¼ 0.0010).

All participants received the best standard of care including
intravenous and/or oral fluid resuscitation (three to 4 L/24 h) and
pain management including paracetamol and morphine. Adequate
pain control was ensured before lung function tests.

Thirty-four percent required oxygen therapy and continuous
airway pressure. None required mechanical ventilation or pleural
drainage. In total, 30% developed pleural effusion, 23% developed
atelectasis, and 23% developed pneumonia treated with antibiotics.
In total, 41% had a CRP >150mg/L, 9% developed severe AP, and 14%
required treatment at the intensive or semi-intensive care unit. The
median number of days in hospital was 6 (IQR 5e12.5). Three pa-
tients (7%) died during admission, of whom none received me-
chanical ventilation. Two of the patients had severe comorbidities
and were not candidates for treatment in intensive care unit. The
last patient was diagnosed with Burkitt's lymphoma and was
transferred to department of oncology where he deceased one
month after the onset of AP.

All participants were assessed at baseline, but only 16 were
assessed one month after hospital discharge as a large proportion
chose to drop out.

From admission, patients had impaired FEV1, FVC, DLCO, and
TLC compared with controls (p< 0.0001 in all analyses, Fig. 1). The
DLCO/VA was similar in the two groups, but lower in smokers
compared to non-smokers (p¼ 0.038). We found no difference
between smokers and non-smokers in FEV1 (p¼ 0.53), FVC
(p¼ 0.88), DLCO (p¼ 0.24), or TLC (p¼ 0.79). There was no differ-
ence between patients with severe vs. mild AP regarding FEV1
(p¼ 0.79), FVC (p¼ 0.73), DLCO (p¼ 0.74), TLC (p¼ 0.21), or DLCO/
VA (p¼ 0.14), possibly reflecting the small number of participants
with severe acute pancreatitis (Table 3). Patients with CRP>
150mg/L had impaired lung function tests compared with patients
without severe inflammation: FEV1 (p< 0.001), FVC (p< 0.001),
DLCO (p< 0.001), TLC (p< 0.001), but not DLCO/VA (p¼ 0.80).

The FEV1, FVC, DLCO, and TLC remained impaired from day two
to ten whereas the DLCO/VA remained stable (Table 2). On month
after discharge, lung function tests improved but patients had
lower FEV1 (p¼ 0.014), FVC (p¼ 0.022), TLC (p¼ 0.020), and DLCO
(p< 0.001) compared with controls (Fig. 2). The DLCO/VA remained
similar in the two groups.
s.

Proportion or median (IQR)

48%
53 (38e62)
26 (23e31.5) kg/m2
66%/20%/14%
76%/24%
32%/43%/25%
73%
9.3 (8.3e9.8) mmol/L
12.5 (3.5e41) mg/L
866 (354e1500) U/L
233.5 (50e471) U/L
125.5 (86.5e174) U/L
20 (12e45) mmol/L
1.05 (1e1.1)
37 (34.5e39.5) g/L
75 (60e96) mmol/L
6.7 (6e9.1) mmol/L



Fig. 1. Lung function tests (% predicted) in 44 patients with acute pancreatitis on the day of admission. Panel 1e5 shows patients compared with 22 healthy controls. Panel six
shows the DLCO/VA in patients who are smokers compared with non-smokers. The figure shows medians with interquartile range.

Table 3
Table 2. Lung function tests (% predicted) in patients with mild or severe acute
pancreatitis (AP) at admission. The table shows medians with interquartile range.
None of the comparisons were statistically significant.

Test Severe AP (n¼ 4) Mild AP (n¼ 40)

FEV1 68 (46e82) 101.5 (97e108)
TLC 80 (59e89) 97.5 (92e101)
FVC 75 (47.5e89) 101.5 (97e108)
DLCO 71 (58e86) 92 (83e103)
DLCO/VA 102 (78e115) 93.5 (88e100)

Table 2
Lung function tests (% predicted) in patients with acute pancreatitis from day two to
ten. The table shows medians with interquartile range.

Test Day 2 (n¼ 38) Day 3 (n¼ 26) Day 6 (n¼ 18) Day 10 (n¼ 9)

FEV1 67.5 (41.5e87) 62 (42e77) 57.5 (44e69) 61 (51e72)
TLC 78.5 (62.5e90.5) 71.5 (55e91) 67.5 (60e91) 67 (65e79)
FVC 70 (45.5e89.5) 64 (42e81) 61 (48e86) 60 (57e82)
DLCO 66.5 (51e91.5) 60 (51e77) 60.5 (52e81) 55 (48e56)
DLCO/VA 105 (81e115.5) 90 (77e119) 91 (76e109) 74 (70e85)
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Fig. 2. Lung function tests (% predicted) in 16 patients admitted with AP, one month
after hospital discharge. Patients are compared with 22 healthy controls. The figure
shows medians with interquartile range.
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Discussion

This paper describes a prospective cohort study including 44
patients admitted with AP characterized with clinical, laboratory,
imaging and functional tests of pulmonary complications and
function. All participants received the best standard of care and
adequate pain management was ensured before the assessment of
lung function. Serial measurements showed that patients had
significantly impaired lung function tests during the first ten day.
The FEV1, FVC, TLC, and DLCO were significantly reduced from
admission, which is noteworthy as most patients were admitted
within 24 h after the onset of symptoms. The lung function tests
were significantly lower compared with healthy controls and
although improvements were identified after hospital discharge,
the two groups remained significantly different. Several patients
were discharged after five to six days in hospital and only 36%
agreed to the outpatient assessment one month after hospital
discharge. Accordingly, more weight can be put on the baseline
assessments than the assessments made after day five or the
outpatient follow up.

More than third of the patients developed one or more pul-
monary complications, pleural effusion being the most frequent. In
agreement with our findings, a recent retrospective study found
that 22% of patients with AP develop pleural effusion, atelectasis or
pneumoniawithin the first twoweeks of admission [6]. Three other
studies found a similar risk of pulmonary complications in AP. In
one study, including 539 patients with their first episode of AP and
a chest radiograph performed within 24 h of admission, 14% had
pleural effusions and 6% had pulmonary densifications defined as
homogeneous areas of density enhancement [11]. The second study
included 140 patients with AP and chest radiograph performed on
admission, and found that 26% had pulmonary infiltrates defined as
streaking, patching, partially confluencing inhomogeneous changes
of the lung [12]. The third study included 166 patients with their
first episode of AP, who all had chest radiograph performed on
admission [7]. In total, 29% developed respiratory complications
defined as pleural effusion, pulmonary consolidations, atelectasis
or adult respiratory distress syndrome.

We found a high risk of respiratory complications. The DLCO
remained low in the out-patient setting, 30 days after the discharge
suggesting involvement of alveolar-capillary dysfunction. On the
other hand, the DLCO/VA ratio remained stable throughout the
evaluation period, thus questioning whether lung diffusion is an
intrinsic alveolar dysfunction or there is a substantial mechanical
suppression from atelectasis or pleural effusion. None of our pa-
tients required therapeutic pleural drainage or mechanical venti-
lation, but one third of the patients received CPAP. We cannot
exclude the possibility that some of the included patients had
impaired lung function before developing AP. Our tests showed that
patients who were smokers had a lower DLCO/VA compared with
non-smokers. Unfortunately, none of the included patients under-
went lung function tests before inclusion. It is likely that the effect
of AP will vary in different subgroups and that the detrimental
effect will be worse in e.g. patients with chronic obstructive lung
disease or asthma. On the other hand, the fact that lung function
tests improved after hospital discharge suggests that AP had a
detrimental effect on pulmonary function.

One study evaluated pulmonary function and diffusion capacity
in 22 patients with mild AP and with no clinical and radiographic
signs of pulmonary involvement [9]. Measurements were per-
formed between second and fourth days of admission. There was a
marked reduction in vital capacity and FEV1. DLCO was reduced to
77% of predicted, but the DLCO/VA ratio was not measured. Control
studies performed after one week only in four patients with hyp-
oxemia showed that lung vital capacity and FEV1 had returned to
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normal values, and diffusion capacity was clearly increased. Our
findings however suggest that diffusion capacity is suppressed
beyond the early phase of AP, and in spite of normalization of other
functional parameters.

A number of different pathophysiological mechanisms have
been proposed involved in AP associated lung injury. The activation
of neutrophils plays a key role in local tissue injury and distant
organ failure. The process is mediated by release of cytotoxic
molecules such as neutrophil elastase. Neutrophil elastase, free
radicals, and other proteolytic enzymes destroy elastin, collagen,
fibrin and proteoglycans in the extracellular matrix, which
contribute to tissue damage and organ failure [6,7]. Increased
neutrophil elastase activity and neutrophil activation correlatewith
the severity of AP and with the risk of respiratory failure [8]. These
findings suggest that neutrophil elastase activity may mediate
pathological outcomes including organ damage. The specific effects
of pancreatic enzymes like proteases, elastase and phospholipase
A2 are also associated with AP-associated lung injury. The
enhanced neutrophil chemotactic activity has been coupled to
elevated plasma levels of IL-8 in the lungs, which is characteristic
for ARDS [9]. Local effects of IL-8 have also been evaluated, e.g. the
concentration of IL-8 in broncho-alveolar lavage in patients with
ARDS has been shown to correlate with mortality [10]. IL-18 levels
are elevated in patients with pancreatic necrosis, and respiratory,
renal and cardiovascular failure associated with severe AP [11]. In a
prospective study of 75 patients with their first attack of AP, levels
of both IL-6, IL-8, IL-18 and TNF-a were independent predictors of
respiratory failure [13].

Interestingly, we found no differences in pulmonary function
between mild and severe AP. However, we found significant dif-
ferences between patients with and without CRP >150mg/l. CRP
response can be driven by cytokines, TNF-a and other mediators
that also can be directly involved in the lung injury, an association
that would be of interest to explore in future.

Present study has several limitations. We undertook lung
function tests after ensuring that the included patients were opti-
mized based on the best clinical standards including CPAP, but
of course compliance could have been an issue in some of the pa-
tients. One important limitation of the present study is the fact that
the number of participants did not allow for multivariable assess-
ments. We found no clear differences between patient groups
including comparisons between patients with or without lung
complications for important clinical variables. In addition, all pa-
tients received the best standard of care adjusted based on patient
needs. We therefore cannot exclude the possibility that some in-
terventions have a beneficial effect on the risk of pulmonary
complications and a positive effect on lung function tests. For
example, continuous airway pressure is likely to have a beneficial
effect on certain groups. Additional evidence is needed to evaluate
if this potential benefit translates to clinical practice. Unfortunately,
the number of participants who received this intervention was too
small to make a fair assessment of this question. In addition, con-
founding by indication is likely to occur and may influence the
results. Prospective randomised trials are needed to evaluate the
benefit of interventions aiming at reducing the risk of pulmonary
complications.

In conclusion, our results suggest that pulmonary impairment is
common in the early phase of AP and may last for several weeks
after hospital discharge.
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