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Summary

AIMS OF THE STUDY: Pneumothoraces after endoscopic
retrograde cholangiopancreatography (ERCP) are an un-
common but potentially lethal complication. Little evidence
is available on their epidemiology, diagnosis and therapy.
We aimed to evaluate current practices and provide rec-
ommendations.

METHOD: We systematically reviewed articles from
PubMed, Embase, OVID-Medline and the Cochrane Li-
brary.

RESULTS: Forty-four publications reported pneumotho-
races after ERCP in 49 patients (74% females). Twenty-
one patients (43%) had atypical gastrointestinal anatomy,
including peri-ampullary diverticula (n = 8), surgical or en-
doscopic alterations (n = 7), local tumours (n = 3), ulcera-
tions (n = 2) and ectopic papilla (n = 1). Precut (14%) or
standard (39%) sphincterotomies were performed. Cannu-
lation was unsuccessful in six ERCPs. Pneumothoraces
occurred bilaterally (45%), on the right (37%) or left side
(6%), or no side was stated (12%). Nineteen tension pneu-
mothoraces occurred. Perforations were mainly caused
by the sphincterotome, peri-ampullary (41%), or the en-
doscope, distant from the papilla of Vater (23%). Pneu-
mothoraces were sometimes diagnosed only after hospital
discharge (14%). Eighteen patients underwent surgical
therapy with drainage, repair and/or bypass. Conservative
treatment included antibiotics and bowel rest. Most pneu-
mothoraces were drained; 14% resolved without pleural
drainage. Overall mortality was 4%. The mean hospital
stay was 9.8 days.

CONCLUSIONS: A post-ERCP pneumothorax should be
considered when subcutaneous emphysema, cardiovas-
cular instability or respiratory distress occurs. Thoraco-
abdominal computed tomography facilitates identification
and therapy tailoring. Because of possible late or discrete
onset, patients should be monitored carefully.

Keywords: ERCP, cholangiography, endoscopy, papillo-
tomy, sphincterotomy, pneumomediastinum, pneumotho-
rax, pneumoretroperitoneum, pneumoperitoneum, emphy-
sema

Introduction

Since its introduction in 1968 [1], endoscopic retrograde
cholangiopancreatography (ERCP) has played a pivotal
role in the diagnosis and management of biliary obstruc-
tions, in which cases it is routinely performed. Patients
are either managed in outpatient settings or require short
hospitalisations [2]. However, life-threatening complica-
tions can occur, such as pancreatitis (1.30%), cholangitis
(0.87%), haemorrhage (0.76%) and perforations (0.58%)
[1].

A perforation that develops into a pneumothorax is a rare,
but potentially lethal, complication. A previous prospec-
tive multicentre study evaluated early major complications
after diagnostic and therapeutic ERCPs. That study iden-
tified only one pneumothorax out of 111 major complica-
tions in 2769 consecutive patients [1]. Scattered evidence
and few recommendations are currently available on the
diagnosis and management of this complication. We con-
ducted a literature review to evaluate the incidence, diag-
nosis, and treatment recommendations for these events.

Materials and methods

Article selection

A systematic literature search was conducted in PubMed,
Embase, Ovid MEDLINE and the Cochrane Library, with
the following search terms in all fields and MeSH terms:
“pneumothorax” and “ercp”; “pneumothorax” and
“sphincterotomy”’; or “pneumothorax” and “papillotomy”.
We retrieved all articles published up to 23 September
2018. All available publications were evaluated. Then we
screened the references of the selected articles for addi-
tional cases, by searching with the terms: “ercp”, “sphinc-
terotomy”, or “papillotomy”; moreover, we applied the
secondary search items: “air”, “gas”, “emphysema”,
“pneumomediastinum”, “pneumothorax”, “pneu-
moretroperitoneum”, or “pneumoperitoneum”. The search
strategy was validated by our hospital librarian.

All relevant articles were included in the review, according

to the criteria of the initial search, including those retrieved
from the iterative search through the references.
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The reporting of the review was conducted according to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA), with the 2009 PRISMA
Checklist [3].

Article eligibility
All original articles were eligible, when they reported cases
of uni- or bilateral pneumothoraces after an attempted or
successful ERCP.

Data extraction

The text and images of the reported cases were screened
for air localisation and properties (e.g., side of pneumotho-
rax, subcutaneous emphysema, pneumoperitoneum, pneu-
moretroperitoneum, pneumomediastinum and tension
pneumothorax). The articles were also searched for demo-
graphic criteria (age and gender); underlying illness (e.g.,
biliary stricture, common bile duct stones [CBDS]); atyp-
ical anatomy near and distant from the peri-ampullary re-
gion (e.g., diverticulum, ulceration, tumour, surgical al-
terations); procedural steps and success (e.g., a precut
papillotomy [PCP], a conventional endoscopic sphinctero-
tomy [ES], cannulation, stent placement, stone extraction);
probable cause of the pneumothorax (e.g., gastrointestinal
perforations with localisation, endoscopy-independent
causes); diagnostic tools utilised (fluoroscopy, transit
study, conventional radiography, or computed tomography
[CT]); treatment modalities (pleural drainage, antibiotic
therapy, bowel rest or surgery); time to presentation of the
pneumothorax; and the final outcome (hospital stay and/or
reported death).

Definitions

If a PCP was performed, any further mention of an ES was
ignored. ERCP was defined as unsuccessful, when a CBD
cannulation was not achieved.

The cause of the pneumothorax was defined as the most
probable cause mentioned by the original authors. Gas-
trointestinal perforations were classified, based on ele-
ments from the text and images, according to a modified
Stapfer classification [4] (table 1), with the localisation pri-
oritised. Type I perforations included all endoscope-linked
perforations in the gastrointestinal tract, except for those in
the peri-ampullary area (in the direct vicinity of the papil-
la of Vater), which were classified as type II. Type III
perforations included guide-wire-linked bile duct injuries
and any air leakage, after a previously placed percutaneous
transhepatic cholangiodrainage (PTCD) catheter. Type IV
perforations included any perforations that were not docu-
mented on endoscopy, with imaging tools, or during surgi-
cal revision.

The time to presentation was defined as the time between
the ERCP and the first described signs or symptoms of a

Table 1: Modified Stapfer classification [4].

Type | Location of perforation Typical cause

| Gastrointestinal tract wall (classically, the
medial or lateral duodenal wall)

Endoscope

1l Peri-ampullary area (in the immediate vicini- | Sphincterotome

ty of the papilla of Vater)

Guide-wire /
Basket

1l Bile ducts

v No proven perforation (retroperitoneal air Compressed air

alone)
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pneumothorax (e.g., emphysema, dyspnoea, reduced chest
sounds, cardiovascular instability). The time to presenta-
tion was classified qualitatively, as follows: immediate —
onset during or in the first hour after the procedure; early —
onset within 6 hours of the procedure; or late — later find-
ings or discovery after the initial hospital discharge.

A tension pneumothorax was defined as cardiovascular
instability (simultaneous hypotension and tachycardia); a
mediastinal shift detected on imaging studies; or the per-
formance of emergency decompression procedures.

Quality assessment

Owing to the nature of the evidence (individual case re-
ports, retrospective case series, reviews of case reports,
retrospective cohorts), we conducted a quality assessment
according to the tool proposed by Murad at al. [5] and dis-
played it in a fashion analogous to that suggested by Hig-
gins et al. for systematic reviews of interventions [6].

Statistical analysis

Categorical variables are expressed as the frequency and
percentage. Numerical data are expressed as the mean, me-
dian and range. Because of the nature of the review (a col-
lection of individual cases), the limited number of cases
and the rarity of this complication in prospective studies,
further statistical analyses were not conducted.

Results

Article selection

A total of 164 articles were identified and screened. Only
one original publication was found in the Cochrane Li-
brary. The PRISMA flow chart of the study selection pro-
cedure is shown in figure 1. The vast majority of the 44
included publications were in English [4, 7-46], 4 were in
German [42, 47], Spanish [48] or Czech [49]. No publica-
tion was excluded for language reasons.

The above-mentioned search results included all the cases

described in the two included reviews [7, 40]. One record,
a congress communication, was excluded since its patient

Figure 1: Flow chart of article selection, according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [3]
—
e Records identified Additional records
2 through database identified through
® searching reference screening
& (n=199) (n=16)
c PubMed: n = 60
o Ovid MEDLINE: n = 35
= Embase: n = 103
Cochrane: n = 1
fa—
Records before duplicates
removed
(n=215)
=]
£ Duplicates removed
g (n=107)
2
o
@ Records screened
(n=108)
Reco(rg Excluded
Same patient collective: n = 1
2 Full-text articles
E assessed for eligibility
§, (n=107)
w Full-text articles excluded,
with reasons
(n=63)
No pneumothorax: n = 28
K No relation with ERCP: n = 18
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=
L
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collective was already analysed in another publication [8]
included in our review.

Three articles included multiple cases [4, 32, 40]. In total,
49 separate cases were identified (table 2).

Quality assessment

The results of the quality assessment analysis are displayed
in figure 2. For the assesment of the two included reviews,
we only considered the quality of their original cases. By
design, all case reports and retrospective studies had a se-
lection bias. Exposure (ERCP) was always ascertained, in
retrospective studies the outcome (pneumothoraces) was
often insufficiently documented. The causes of pneumoth-
oraces were better documented in case reports; however,
other causes were not always actively excluded in Stapfer

Swiss Med WKkly. 2020;150:w20199

ed extra-intestinal causes, including a tracheal perforation
[16] and a forced Valsalva manoeuvre [32, 37].

Most reported pneumothoraces (74%) were diagnosed
peri-interventionally, as a result of the immediate onset
of clinical symptoms; only 6% were diagnosed early after
the intervention. In 7 cases (14%) with no or few specific
symptoms, the pneumothorax was diagnosed as late as 3
days after the procedure [46]. Moreover, the stent migra-
tion was diagnosed at an unclear, but even later time point
[42].

Variable diagnostic tools were used to identify the site of
perforation, including peri-interventional cholangiography
(or fluoroscopy), X-rays, and CT scans. Pneumothoraces
were described as bilateral, right-sided or left-sided, in 22,

Table 3: Summary of findings.

IV injuries. Reporting quality was mostly sufficient to al- n % or
low an adequate extraction of data, with the exception of 49)= range
retrospective studies. Patient demo- | Gender | Female 36 74%
graphics Male 9 18%
Data . L. . Unreported 4 8%
Table 3 summarises the characteristics of the included cas- Median age, y 67 | 23-04
es. There were 36 female and 9 male patients (the gender Anatomy No anomaly reported 28 58%
of 4 patients was not reported), with a median age of 67 Atypical anatomy 21 2%
years (range 23-94). Atypical local anatomy was present Peri-ampullary diverticula| 8 16%
in 21 cases (43%). Peri-ampullary diverticula, a peri-am- Surgical alterations 6 12%
pullary tumour, a duodenal ulceration or a pancreatic neo- Peri-ampullary or duode- | 3 6%
plasia that deformed the duodenum were noted on en- nal tumours
doscopy in 16, 4, 4 and 2% of cases, respectively. One Ulcerations 2 4%
additional case presented with an ectopic papilla [25]. Six Ectopic papilla 1 2%
patients had relevant prior surgery, namely one unspecified Endoscopic alteration 1 2%
surgical modification necessitating a double-balloon en-  |Procedures |Standard endoscopic sphinctero- | 19 | 39%
teroscopy [24]; three roux-en-Y gastrojejunal reconstruc- tomy .
tions [19, 27, 45]; two biliodigestive anastomoses, one Precut papillotomy ! 14%
performed during a liver transplantation [42] and one per- Stent - 15 31%
formed during the repair of a congenital biliary obstruction Stone extraction - s 31%
g . . . Unsuccessful cannulation 6 12%
[12]. One patient had a modified papilla due to previous .
L. . . . Pneumothorax | Bilateral 22 45%
ES [21]. The main interventional procedures in the entire Right 18 7%
patient collective were an ES (39%) and a PCP (14%), as ot 3 %
Well as stenting (3'1%) or stone eXtracFlon (31%). In 6 pa- Unreported 6 2%
tients (12%), the intended common bile duct cannulation Tension pneumothorax o 39%
was not achieved. Cause of Type | perforation 1" 23%
In most cases, the cause of the pneumothorax was a duo- pneumothorax | Tyne || perforation 20 41%
denal perforation near (type II = 41%) or distant from the Type Il perforation 5 10%
papilla (type I = 23%). The next most frequent cause was Type IV perforation 5 10%
the appearance of air in a retroperitoneal location, but with- Other 4 8%
out a proven perforation (type IV = 10%). Five type III Unreported 4 8%
perforations were found: two were due to guide-wire in- Time to pneu- |Immediate (<1 h) 36 74%
juries in gastrointestinal strictures [12, 23]; one was caused mothorax Early (1-6 h) 3 6%
by the trapping of a CBDS between the wall and a bal- Late (>6 h or after discharge from | 7 14%
loon during dilatation [13]; and two were due to insuffla- hospital)
tion, with air tracking through a previously inserted PTCD Unreported : 3 6%
catheter [.1 9, 27]. Of the latter two, one resulted from over- Z:Zil::;e Glr::;:::Z::;:czsi:gzzal 360 ?2:
pressure in the afferent loop of a roux-en-Y reconstruc- pneumoth Oracesg
tion, with air consecutively tracking through the drained Not drained 7 14%
bile ducts, the liver parenchyma, and, eventually, the pleur- Unreported 5 12%
al space; and the other one was the result of an iatrogenic Therapy for | Surgical repair 18 37%
injury due to a transdiaphragmatic catheter insertion. In  |the perforation [0 corvative treatment 29 59%
one rather peculiar case, a very late onset pneumothorax Unreported 5 4%
occurred, owing to a biliary stent dislocation and perfo- Outcome Mean hospital stay, d 98 | 4-21
ration in an intrathoracic herniated colon, which caused a Median stay, d 85
colothoracic fistula [42]. Finally, three publications report- Death 2 4%
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Reference Year Patient Patho. Atypical Procedure | Time to Pneumothorax Air reparti- |Drainage | Therapy | Outcome
Gender| Age anatomy Pres. | side [Tension| Cause tion (side)
(v)

[71 Al-Ashaal | 2011 W 25 CBDS unC Immediate | R T | Prp, Pp, Pm R OP 14

[8] Bartosz | 2014 U U u u PCP u u U U U V] U

[47] Brueck | 2010 w 39 CBDS Div ES, StEx, |Immediate| B \Y Prp, Pp, Pm, OL Cons 7
stent SE

9] Colemont | 1988 w 62 | Stricture ES, stent |Immediate| R vV Prp, Pm, SE (4] Cons S

[10] Doerr | 1996 w 81 CBDS Div Immediate | R 1] Pp, Pm, SE R Cons S

[11] Ferrara | 2009 M 82 CBDS ES, StEx |Immediate| L T \Y Prp, Pp, Pm, L Cons 9
SE

[12] Fujii | 2010 w 73 | Stricture Biliodig Stent Immediate| B I} Prp, Pp, Pm, B Cons 7
SE

[13] Garcia-Cano | 2016 W 79 CBDS ES, StEx Early R 1] Prp, Pm, SE (4] Cons 7

[14] Garmon | 2013 w 23 CBDS Immediate | B T | Prp, Pp, Pm, o1 OoP 5
SE

[15] Goddard | 2016 M 68 | Stricture Tumour unC Immediate| B 1] Prp, Pp, Pm, OR Cons 6
SE

[16] Greilich | 2016 w U CBDS ES, stent |Immediate| B Tracheal Pm, SE U OP 21

tear

[17] Gya| 1989 w 63 CBDS PCP Late R 1] Prp, Pm, SE R OoP S

[18] Han | 2008 M 63 CBDS Ulc unC Immediate| R T | Pp R OoP S

[19] Hui | 2001 w 89 CBDS BII+RY LARCP, |Immediate| R T I} R Cons S

unC
[20] lyilikci | 2009 w 24 CBDS ES, StEx |Immediate| B T 1] SE B OoP 13
[21] Keber [ 2015 w 63 CBDS Endoscopic StEx Immediate | B 1] Prp, Pp, SE B OoP S
alt.

[22] Keskin | 2014 w 56 CBDS ES, StEx |Immediate| B 1] Prp, Pp, Pm, B OP 7
SE

[23] Kocaman | 2009 M 24 | Stricture Stent Immediate | B 1} Prp, Pp, Pm, B OP 8
SE

[24] Kogure | 2014 U U U Surgical alt. DBE U U T U U U U U

[25] | Lagoudianakis | 2006 M 55 CBDS Ect PCP, UnC Late R 1] Prp, SE (4] Cons 16

[26] Linssen| 2013 w 89 CBDS Div uUnC Immediate | L 1] Pp, Pm, SE L Cons S

[27] Lopes | 2009 V] U U RY Immediate | U T I} 1 Cons U

[28] | Lutchmansingh | 2013 w 57 | Stricture ES, stent |Immediate| B U Prp, Pm, SE oL Cons U

[29] Makni | 2012 W 40 CBDS ES, StEx Late R T | Prp, Pp, Pm, R OP S
SE

[30] | Markogiannakis | 2007 w 56 CBDS ES, StEx |Immediate| B T [\ Prp, Pp, Pm, B Cons 10
SE

[48] Menéndez | 2012 w 79 CBDS Early B | Prp, Pp, Pm, U OP S
SE

[31] Morley | 1997 w 80 | Stricture Ulc PCP Immediate| R T | Pp, SE R OoP S

[32] Neofytou | 2013 w 45 CBDS ES, StEx |Immediate| R 1] Prp, Pp, Pm, R Cons 5
SE

w 94 CBDS Immediate| R T Valsalva R Cons 8

[33] Ozgonul | 2010 w 62 | Stricture Stent Late B T 1] Prp, Pp, Pm, B OP S
SE

[34] Plones | 2012 w 67 | Stricture Stent Immediate | B | Pm, SE o1 Cons 9

[35] Rappaport | 2017 M 65 | Stricture Stent Late B | Prp, Pm B OP S

[36] Samies | 2015 w 81 | Stricture Div ES, stent |Immediate| L \Y Prp, Pm, SE (%] Cons S

[37] Sampaziotis | 2010 w 68 CBDS ES, StEx |Immediate| B Valsalva | Prp, Pp, Pm, B Cons 4
SE

[38] Savides | 1993 W 79 | Stricture Tumour ES, stent |Immediate| B | Prp, Pm, SE B OP 12

[39] Scarlett| 1994 w 59 | Stricture PCP Immediate | R 1] Prp, Pp R Cons 5

[40] Schepers | 2012 w 76 CBDS Tumour ES, StEx, |Immediate| B T 1] Prp, Pp, Pm, B Cons 10
stent SE

M 77 | Stricture PCP, stent |Immediate| B 1] Prp, Pm, SE (%] Cons 7

W 88 CBDS Div ES Early R T I Prp, Pm, SE R Cons S

w 58 [Jaundice PCP Immediate | R 1] Prp, Pm %] Cons S

[41] Schiavon | 2010 w 79 CBDS Div ES, StEx |Immediate| R 1l Pm, SE (%) Cons 10

[42] Schilling | 2014 M 41 | Stricture Biliodig Stent Immediate| R T Stent mi- U R OoP S

gration

[43] Seymann | 2010 w 78 CBDS Div StEx Immediate | B 1] Prp, Pm, SE B Cons S

[44] Shen| 2015 W 82 | Stricture ES, stent |Immediate| B T 1] Prp, Pm, SE o1 Cons S

[45] Shimatani | 2009 V] V] U RY DBE U U U SE 1 Cons S
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Reference Year Patient Patho. Atypical Procedure | Time to Pneumothorax Air reparti- |Drainage | Therapy | Outcome
Gender| Age anatomy Pres. | side [Tension| Cause tion (side)
(v)
[46] Song | 2009 w 78 CBDS ES, StEx Late R T 1] Prp, Pp, Pm, R Cons T
SE

[4] Stapfer | 2000 W 74 U Immediate | U | SE U OP T

M 43 U Immediate | U T | SE U OP 16

[49] Valkovsky | 2014 w 68 CBDS Div StEx Immediate | B 1] Prp, Pm, SE B Cons 20
@ = no drainage; T = deceased; |, II, lll, IV = type of perforation according to Stapfer; alt. = alteration; B = bilateral; Bll = Billroth 1| operation; Biliodig = biliodigestive anastomosis;

CBDS = common bile duct stone(s); Cons = conservative treatment; DBE = Double balloon enteroscopy; Div = peri-ampullary diverticulum; Ect = ectopic papilla; ES = standard
endoscopic sphincterotomy; F = female; L = left; LARCP = laparoscopic assisted ERCP; M = male; O1 = only one side; OP = surgical treatment; OR = only right; OL = only left;
Outcome = hospital stay (in days), survival in deceased patients or in unreported stay duration; Patho. = underlying pathology; PCP = precut papillotomy; Pm = pneumomedi-
astinum; Pp = pneumoperitoneum; pres. = presentation; Prp = pneumoretroperitoneum; R = right; RY = roux-en-Y operation; S = survived; SE = subcutaneous emphysema; StEx
= stone extraction; T = tension; U = unreported; Ulc = ulceration; UnC = unsuccessful cannulation

18, and 3 cases, respectively. In 6 cases, the exact locali-
sation of the pneumothorax was not reported. Nineteen pa-
tients (39%) had clinical or radiological signs of tension
pneumothoraces. Subcutaneous chest emphysema was pre-
sent in 78% of cases, and one had extended to the orbital
region [9]. Pneumomediastinum, pneumoretroperitoneum,
and pneumoperitoneum were present in 69, 65, and 45% of
cases, respectively.

Most gastrointestinal injuries (59%) could be managed
conservatively, with antibiotics and bowel rest, with or
without a nasogastric suction tube. However, patients with
type I perforations nearly always required surgery (10/11).
The one exception was a patient with an oesophageal tear,
which was detected as contrast extravasation on imaging,
but it could not be identified during an oesophagoscopy
[34]. This patient recovered with antibiotics and nasogas-
tric suction alone.

Surgical repair consisted of a direct suture alone [38], com-
bined with an omental patch [31] or combined with a
cholecystectomy and T-tube insertion [7, 18, 48]. In others,
pyloric exclusion and gastrojejunostomy [4, 29], tube duo-
denostomy [4, 20, 33], colostomy and mucous fistula [42]
were performed. In another two cases the perforation could
not be identified at laparotomy [17, 23]. In one case with a

tracheal tear treatment consisted of stent placement and in-
terposition of an intercostal muscle flap [16]. Finally, four
publications did not report any details on the surgical inter-
vention [14, 21, 22, 35].

Conservative management without a chest tube was suc-
cessful in 7 cases of uncomplicated pneumothoraces. All
19 tension pneumothoraces were systematically drained.
Only 2 of these 19 patients underwent immediate decom-
pression [14, 44].

The mean hospital stay was 9.8 days (range 4-21). Two pa-
tients with perforations died. One refused surgery [46] and
the other developed septic shock after a 2-cm lateral duo-
denal wall perforation was treated with a pyloric exclusion
and gastrojejunostomy [4].

Discussion

We found that the current published evidence on post-ER-
CP pneumothoraces was limited. The present review in-
cluded more than double the number of pneumothorax cas-
es after ERCP, compared with the previous reviews.

Article screening and data gathering were conducted by
two authors. However, this study had some potential limi-
tations, besides the already addressed quality issues of the

tion; PTx = pneumothorax

a. Case reports

Figure 2: Summary of quality assessment adapted from Murad [5].A: Does the patient(s) represent(s) the whole experience? Might patients
with similar presentation not have been reported?B: Was the ERCP adequately ascertained? C: Was the pneumothorax adequately ascer-
tained?D: Was a plausible etiology proposed, thoroughly described, or other causes ruled out?E: Was follow-up long enough for outcomes to
occur? (NR for case reports)F: Is/are the case(s) described with sufficient details to allow research replication or inferences to the medical
practice?DBE = double balloon endoscopy; ES = endoscopic sphincterotomy; NR = not relevant; PCP = precut papillotomy; perf. = perfora-
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Ascertainment B . . . . . . - . . . . . . . - - . . . . - . - . - - . . - . - .
c . . . . . . . . . . . . . . . - . . . . - . - * . - . . 3 . - .
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Reporting Flelelels . . e felolelale]s . | e Joe oo fe]elo]e . .|
b. Retrospective studies
P
i H 8 z 3 & T
E = ) E B E =
Theme of study PCP DEE LAET!CP p:rf‘ FT:ahar D—B-E ducdenal perf.
after ES Type Il perf.
Selection A .
Ascertainment B - - . - . .
c . -
Causality D . . . . . .
E NR
Reporting F . . . . .
»: meets the criteria | +; partially meets the criteria | »: does not meet the criteria
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included articles. First, there might have been a reporting
bias due to a reluctance of authors to expose disastrous
complications, as suggested previously by Schepers [40].
In addition, there might have been a publication bias, be-
cause we found studies only on dramatic cases; recently
published cases were almost exclusively about bilateral or
tension pneumothoraces. Other biases might have arisen
because of the heterogeneous case report descriptions and
collected data; this heterogeneity might be partly explained
by the different professions of the authors (e.g., gastroen-
terologists, anaesthesiologists, emergency physicians and
even cardiologists). However, despite these limitations, we
provided a summary of the current evidence, and we high-
lighted the practices and some correlations and properties
that were not previously discussed.

Intervention-related pneumothoraces are always due to
leakage of intraluminal air. Therefore, it seems appropriate
to compare our findings with studies that reported ERCP-
linked perforations. Women and older patients were pre-
dominantly affected by this complication. Savides [38]
suggested that age-related thinning of the duodenal wall
might be a determining factor. However, age and female
gender are also the most predominant factors in patients
suffering from gallstone disease. Therefore, intervention-
related pneumothoraces are much more related to ERCP
performed to treat CBDS and much less directly to these
two factors [50]. Although studies have shown that women
were more prone to developing post-ERCP pancreatitis, no
link has been demonstrated between patient sex and a sus-
ceptibility to perforations [51].

Consistently with a previous retrospective case control
study [52], we identified several local and interventional
risk factors for the occurrence of ERCP-related pneumoth-
orax, including an ES, PCP, dilated common bile duct, a
dilatation manoeuvre and atypical anatomy. Other recog-
nised contributing factors include the duration of the pro-
cedure and the insufflation time after the injury [53]. Be-
cause the insufflation time probably determines the amount
of air that will leak through the injury, it might contribute
to the development of significant pneumothoraces. As a re-
sult of the above-mentioned lack of data in the reviewed
cases, corroboration was not possible.

Strategies to avoid ERCP-linked complications were not
discussed in the reviewed articles. However, such strate-
gies are nicely described in the literature: for example,
a magnetic resonance cholangiopancreatography (MRCP)-
first approach might minimise unnecessary diagnostic ER-
CPs; however, it remains a matter of debate whether this
approach might diminish the overall complication rate
[54]. Anatomical information gained by an MRCP could,
in combination with demographic and clinical factors, pro-
vide a partial basis for the anticipation of risky constel-
lations. Intra-interventional bail-out strategies could ad-
ditionally limit injuries in complicated cannulations.
Conducting another ERCP after a few days is often suc-
cessful and should be considered, particularly in the setting
of bleeding or increasing papillary oedema. Alternative
strategies might also be considered, such as a PTCD or
even a surgical revision. These strategies could at least
minimise the intervention time and the need for PCPs [55].

The pathophysiological mechanisms of pneumothorax for-
mation during ERCP have been described in the literature.

Swiss Med WKkly. 2020;150:w20199

In summary, there are four possible routes to the mediasti-
nal and pleural spaces: (1) in a retroperitoneal perforation,
air can track throughout the continuous fascial planes, up
to the thoracic cavity [56]; (2) in a free peritoneal perfora-
tion, air can communicate between the abdominal and tho-
racic cavities through diaphragmatic orifices (peritoneal
stomata) in porous diaphragm syndromes [23]; (3) in the
absence of a true perforation, air can enter the mucosa
at a weak spot (e.g., anastomosis, diverticulum) and track
along the perineural and perivascular sheaths [12]; (4) fi-
nally, air from a ruptured alveolus (through hyperventila-
tion, the Valsalva manoeuvre, or excess positive pressure
during ventilation) can track into the perivascular sheath,
which could lead to pulmonary interstitial emphysema,
and eventually, cause endoscopy-independent pneumotho-
races, also known as the Macklin effect [10].

To the best of our knowledge, the right-sided predomi-
nance of pneumothoraces remains unexplained. We pos-
tulated that air might follow the path of least resistance.
Indeed, the development of left pneumothoraces might be
discouraged by the presence of adhesions between the
retroperitoneum and the anterior aortic sheath, which
might form an anatomic barrier.

The consistent presence of a pneumomediastinum in bilat-
eral pneumothoraces suggested bilateral mediastinal tears
caused by a tension pneumomediastinum with air leaking
into both pleural cavities. Alternatively, some patients
might have a congenital or surgically acquired communi-
cation between the two pleural spaces; this is known as
“puffalo chest syndrome” [57]. In this condition, bilater-
al pneumothoraces could occur without a pneumomedi-
astinum [20].

The high prevalence of tension (39%) and bilateral (45%)
pneumothoraces among the reviewed cases might be due to
the above-mentioned publication bias, because only severe
cases were published. Alternatively, high pressure insuf-
flation might be another contributing factor; this pressure
could either cause decompression to the second hemitho-
rax or lead to the development of tension.

The clinical signs and diagnosis of an ERCP-related per-
foration have been described extensively [4, 12, 39, 58].
A thoraco-abdominal CT scan is the diagnostic gold stan-
dard for evaluating the problem (fig. 3) [59]. The classical
clinical signs of small pneumothoraces, such as diminished
breath sounds and tympanic percussion, are frequently
overlooked, particularly in patients who are otherwise sta-
ble post-ERCP. Subcutaneous emphysema, which was of-
ten present in the reported cases (78%), is a highly sus-
picious sign of an air-containing organ perforation, even
without pneumothorax formation. A tension pneumothorax
should be suspected when patients exhibit neck vein dis-
tention, tracheal deviation, tachycardia, and/or desatura-
tion. Moreover, decompensation signs, such as respiratory
distress or circulatory instability, should rouse suspicion of
a tension pneumothorax, and after clinical confirmation, it
should lead to immediate decompression, without further
delay, even for imaging. However, in stable patients sus-
pected of having a perforation with pneumothorax, radi-
ographic evaluation should be performed before drainage,
as suggested by the authors of a recent review [60].

A simple chest X-ray or sonography [53, 61] may exclude
relevant pneumothorax formations. However, in accor-
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dance with the newest recommendations from the Euro-
pean Society of Gastrointestinal Endoscopy on iatrogenic
endoscopic perforations [59], we strongly recommend an
imaging evaluation with a thoraco-abdominal CT scan in
such patients. The presence of a duodenal diverticulum,
the performance of a PCP or ES and long procedure times
should be considered reasons to lower the threshold for
additional diagnostic studies after the intervention. In the
specific case of intra-interventional suspicion of perfora-
tion and the beginning of a tension pneumothorax, the use
of fluoroscopy, which is typically available in the ERCP-
room, might enable an immediate diagnosis [18, 22, 31,
40]. However, minimum pneumothorax formations might
be overlooked, due to the supine positioning. Finally, a loss
of image resolution might be an indirect sign of extralumi-
nal air formation. This finding should suggest the need for
additional imaging studies, such as CT.

It would be appropriate to tailor therapies for treating per-
forations and pneumothoraces. A step-by-step approach
has been advocated, based on the degree of perforation and
the evolution of the patient’s injury [4, 12, 39, 58]. In our
review, we found that type I perforations were common-
ly managed operatively, except for small oesophageal tears
that could be detected with CT but not by endoscopy [34].
Types II and III perforations were mainly managed con-
servatively, which is consistent with literature recommen-
dations. However, the time and specifications of antibiotic
therapy and bowel rest have not been standardised.

Swiss Med WKkly. 2020;150:w20199

Early treatments for pneumothoraces include supplemental
oxygen, close monitoring and iterated evaluations of
drainage procedures. Drainage should be evaluated accord-
ing to the amount of collapsed pulmonary tissue and pa-
tient compensation, which also depends on previous lung
function. One-sided drainage may be sufficient, even in bi-
lateral pneumothoraces. Therefore, in symmetrical pneu-
mothoraces without instability, decompression and
drainage should first be performed on the right side, and
then, according to the evolution, a tailored contralateral
drainage might be warranted. In any case, pleural drainage
might accelerate recovery. In the literature, hospital stays
were only reported for four of seven patients who did not
receive drainage. As mentioned above, a tension pneu-
mothorax requires prompt management.

It is of pivotal importance to monitor the patient after ER-
CP. A review [2] suggested that patients in good general
condition, without additional risk factors, might be eligible
for outpatient ERCPs. The authors mentioned that only
10% of all post-ERCP complications that required treat-
ment presented symptoms after 24 hours. The present re-
view demonstrated that late symptom onset occurred in
14% of patients. Therefore, close monitoring for at least 6
hours after the procedure is mandatory, and at our institu-
tions an overnight stay is standard.

None of the patients included in this review died as a direct
result of a pneumothorax; in the patients who died, the
perforation and related sepsis were ultimately the cause of
death. However, a missed pneumothorax could be lethal

Figure 3: Post-ERCP abdominal computed tomography scan of a 75-year old patient at our institution demonstrating bilateral pneumotho-
races (*), pneumomediastinum (°), pneumoperitoneum (arrow), and subcutaneous emphysema (SE). A peri-ampullary diverticulum (Div) is al-
so present. A smaller but significant pneumothorax could have been missed, since the thorax was incompletely scanned.
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