Occurrence and aetiology of gastrointestinal
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ABSTRACT

Objective. This study aimed to charac-
terise the presenting features and out-
comes of patients with vasculitis and
gastrointestinal perforation.

Methods. Using a retrospective cohort
design, this study included 20 cases
with verified vasculitis and gastrointes-
tinal perforation at Mayo Clinic, Roch-
ester, USA, between 1998 and 2017 .
Results. Four of the twenty cases ex-
perienced vasculitis-induced perfo-
ration. Cases with perforations due
to vasculitic involvement had more
small bowel involvement, longer
duration of abdominal pain prior
to perforation (41 days vs. 0 days,
p=0.005), and a higher proportion
of active tobacco use (75% vs. 7%,
p=0.01) compared to the cases with
non-vasculitis perforation. A majority
(88%) of the non-vasculitis perfora-
tions were associated with glucocor-
ticoid use. The median cumulative
glucocorticoid dose prior to perfo-
ration in patients with additional,
non-vasculitic risk factors for perfo-
ration was 4,320 mg prednisone and
was 22,170 mg for those without ad-
ditional risk factors. Mortality rates
for the whole cohort were higher than
the general population (standardised
mortality ratio: 2.19, 95% confidence
interval 1.05-4.02). The cases with
vasculitis-induced perforation tended
to have increased number of surger-
ies and length of stay compared to the
non-vasculitis cases; however, those
differences failed to reach statistical
significance.

Conclusion. Small bowel location and
longer abdominal pain duration may
help  distinguish  vasculitis-induced
bowel perforation from other aetiolo-
gies. Overall mortality in patients with
vasculitis and bowel perforation is in-
creased, highlighting the importance of
prompt diagnosis and management.

Introduction

Vasculitis is characterised by the in-
flammation of blood vessels. Systemic
vasculitides of small and medium ves-
sels, including granulomatosis with
polyangiitis (GPA), eosinophilic GPA
(EGPA), microscopic polyangiitis
(MPA), and polyarteritis nodosa (PAN)
can affect many organ systems, includ-
ing the gastrointestinal tract (1). One
of the most feared complications is
gastrointestinal perforation, not only
because of its devastating gastrointes-
tinal consequences, but also because
of its association with poor vasculitis
outcomes (2, 3).

Decision-making in these scenarios
is critical because of the high associ-
ated mortality, yet it is difficult for two
reasons. First, gastrointestinal perfora-
tion may result not only from vasculi-
tis but also from the therapies used to
treat it, including glucocorticoids (4-6).
Second, while the treatment for vascu-
litis-induced perforation is increased
immunosuppression, the most prudent
response for glucocorticoid-induced
perforation and promotion of wound
healing is glucocorticoid reduction or
cessation. Gastrointestinal perforation
in patients with history of vasculitis
therefore represents a diagnostic and
therapeutic dilemma.

Despite this important and challenging
dilemma, existing literature exploring
gastrointestinal perforation in patients
with small- and medium-sized vasculi-
tis is limited mostly to case reports. A
few population-based cohorts describe
the gastrointestinal involvement of sys-
temic vasculitides, especially PAN (2,
3,7-10). However, none of these focus
on gastrointestinal perforation in par-
ticular. Indeed, the largest report con-
tains nine patients with vasculitis and
gastrointestinal perforation, but the
majority of those patients had hepati-
tis B-associated PAN, which now ac-
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counts for a small fraction of vasculi-
tis. Furthermore, prior studies provided
limited details on the individual cases
(3). Thus, clinicians need more data on
patients with vasculitis and gastrointes-
tinal perforation in order to make more
informed decisions in these high-stakes
clinical scenarios.

To address this gap, this study first
aimed to describe the presenting fea-
tures, treatment, and outcomes of
gastrointestinal perforation among pa-
tients with PAN, EGPA, GPA, or MPA
at a large, single institution. Second, it
aimed to compare the features of vas-
culitis-induced perforation with non-
vasculitis-induced perforations to aid
clinicians in diagnostic and therapeutic
decision-making.

Materials and methods

Study design and population

This retrospective cohort study received
approval from the Mayo Clinic Institu-
tional Review Board (17-010669) and
complies with the Declaration of Hel-
sinki. Potential cases came from an
electronic database query of patients
seen at the Mayo Clinic in Roches-
ter, Minnesota, USA, from January 1,
1998 to December 31, 2017. Search
criteria for vasculitis included Interna-
tional Classification of Diseases Ninth
Revision (ICD-9) or Tenth Revision
(ICD-10) codes for PAN, GPA, MPA,
EGPA, arteritis not otherwise specified
(NOS), or vasculitis NOS. This search
yielded 23,868 patients with at least
one diagnosis code for vasculitis. Eligi-
ble patients further needed at least one
ICD-9 or ICD-10 code for perforation
in the oesophagus, stomach, duodenum,
gallbladder, small bowel, appendix,
large bowel, or rectum, which left 128
unique patients.

Based on manual chart review, nine-
teen patients met criteria for inclusion
by having documented evidence of
vasculitis and confirmed gastrointesti-
nal perforation. A previously reported
cohort of PAN patients by the study au-
thors provided one additional case (8),
yielding 20 total cases. These cases fell
into three groups based on clinical, his-
tological, and radiographic data. The
“vasculitis-induced (VI)” group con-
sisted of cases where vasculitis caused
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perforation. The “active vasculitis,
non-vasculitis induced (AV-non-VI)”
group consisted of cases where active
vasculitis was present at the time of
perforation but was not considered the
direct cause. The “inactive vasculitis,
non-vasculitis-induced  (IV-non-VI)”
group consisted of cases with a known
history of vasculitis that was inactive
at the time of perforation and was not
considered the cause.

Measures

All data for this study came from man-
ual chart review. To ensure consistency
and quality of data collection, we per-
formed data extraction using the Re-
search Electronic Data Capture (RED-
Cap) system. We calculated the Charl-
son Comorbidity Index (CCI) (11) for
each patient using a tool designed for
chart review (12). The Five Factors
Score (FFS) (2) and Birmingham Vas-
culitis Activity Score (BVAS, version
3) (13) quantified disease activity at
the time of diagnosis and again at per-
foration. Cumulative prednisone dose
before perforation came from adding
the total glucocorticoid dose (in pred-
nisone equivalents) starting from the
most recent steroid-free interval. We
categorised the treatment decision at
the time of perforation using the defini-
tions outlined by Mukhtyar ef al. (13).
These included major escalation, con-
tinue at a major level, minor escalation,
continue at a minor level, reduction of
treatment, and no treatment.

Statistical analysis

We used proportions and chi-square
tests for categorical variables, and me-
dians and Mann-Whitney U-tests for
continuous variables. Calculations ex-
cluded missing data. We calculated me-
dian follow-up time using the reverse
Kaplan-Meier method (14). Survival
analyses used the Kaplan-Meier meth-
od, with death as the primary endpoint,
and date of most recent patient con-
tact in the chart as the time of censor-
ship. Observed and expected survival
were compared using the log-rank test,
where expected survival for persons of
the same age, sex and calendar year was
estimated using United States white
population lifetables. The ratio of ob-

served number of deaths to the expect-
ed number, the standardised mortality
ratio (SMR), was estimated. Ninety-
five percent confidence intervals (CI)
were computed for the SMR assuming
that the expected rates are fixed and the
observed number of deaths follows a
Poisson distribution. Quasi-Poisson re-
gression models were used to examine
differences between the groups in rates
of recurrent perforation, glucocorticoid
discontinuation, immunosuppression
reduction, and relapse, with adjustment
for overdispersion. This manuscript
follows guidelines for reporting clini-
cal case series (15). Statistical analyses
were performed using SAS v. 9.4 (SAS
Institute Inc., Cary, NC) and R 3.4.2 (R
Foundation for Statistical Computing,
Vienna, Austria).

Results

Over the twenty-year time period, 20
total patients with small or medium-
vessel vasculitis experienced bowel
perforation (Table I). Three had EGPA,
11 GPA, three MPA, and three PAN.
None of the cases of PAN were asso-
ciated with Hepatitis B virus. Of the
twenty cases, four experienced perfora-
tions directly from vasculitis (the “VI”
group) based on clinical (case no. 12,
14, 15, and 16), angiographic (case no.
14, Fig. 1A), and histological (case no.
15 and 16, Fig. 1B and 1C) findings.
Nine cases had active vasculitis but
with a non-vasculitis cause of perfora-
tion (the “AV-non-VI” group). Finally,
seven cases had history of vasculitis
that was not active at the time of perfo-
ration, which was deemed to be due to
non-vasculitis aetiology (the “IV-non-
VI” group). Perforations spanned the
entire GI tract from oesophagus to dis-
tal sigmoid colon. However, those at-
tributed to vasculitis ranged only from
small bowel to cecum (Table I).

Characteristics

In addition to bowel location, a few
other characteristics differed among the
VI, AV-non-VI, and IV-non-VI groups
(Table II). Tobacco use was most
prevalent in the VI group (p=0.04).
In particular, active tobacco use was
present in 75% of vasculitis-induced
bowel perforation, compared to only
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Table I. Location and aetiology of gastrointestinal perforation among patients with history of vasculitis.

D Location Age Sex Type BVAS Likely aetiology
8 oesophagus 58 M GPA 7 ulceration from PEG bumper in setting of GCs
10 oesophagus 58 F GPA 26 traumatic intubation in the setting of GCs
11 stomach 75 F GPA 6 GCs in setting of peptic ulcer disease
9 stomach 75 M EGPA 0 SMA syndrome causing gastric dilation and ischaemic ulcers
18 ant. pylorus 87 M GPA 0 GCs without GI ppx plus Helicobacter pylori
3 duodenum 85 M MPA 0 ischaemia from an MI in setting of pre-existing ulcer and GC use
5 duodenum 80 F GPA 0 GCs without GI ppx
6 duodenum 76 F MPA 19 GCs without GI ppx plus trauma from clipping bleeding ulcers
15 jejunum/ileum 31 M EGPA 10 vasculitis
14 terminal ileum 31 F PAN 4 vasculitis
16 small bowel 72 F PAN - vasculitis
13 caecum 63 M GPA 0 trauma during colonoscopy for colonic pseudoobstruction
12 caecum/asc. colon 56 M MPA 44 vasculitis
19 transverse colon 70 M GPA 0 GCs in the setting of diverticulosis
1 sigmoid colon 72 M GPA 45 GCs in the setting of diverticulosis
2 sigmoid colon 51 M GPA 3 GCs in the setting of diverticulitis
4 sigmoid colon 55 M EGPA 0 GCs, diverticulitis, and non-vasculitic hypoxemic respiratory failure
7 sigmoid colon 74 F GPA 21 clostridium difficile colitis and GCs in setting of diverticulosis
20 sigmoid colon 72 F GPA 18 GCs in setting of diverticulosis and recent ischaemic colitis from CAD
17 distal sig. colon 72 F PAN 4 GCs in context of active diverticulitis and CMV colitis

Ant: anterior; Asc: ascending; BVAS: Birmingham Vasculitis Activity Score; CMV: cytomegalovirus; EGPA: eosinophilic granulomatosis with polyangiitis;
GC: glucocorticoid; GI: gastrointestinal; GPA: granulomatosis with polyangiitis; MI: myocardial infarction; MPA: microscopic polyangiitis; PAN: poly-
arteritis nodosa; PEG: percutaneous endoscopic gastrostomy; ppx: prophylaxis; SMA: superior mesenteric artery.

7% of the non-vasculitis perforations
(p=0.002). Patients with vasculitis-in-
duced bowel perforation had a median
of 41 days (range 11-56 days) of ab-
dominal pain before the perforation oc-
curred, which was significantly longer
than patients with non-vasculitis per-
foration (p=0.005). Overall, laboratory
parameters were similar among groups.
Although diverticulosis was present in
all of the large bowel perforations, it
was only known prior to perforation in
three of the eight non-vasculitis colon
perforations.

Glucocorticoid use

All but one of the cases (no. 16) were
on prednisone at the time of perforation,
and glucocorticoids were implicated as
a potential contributor in fourteen out
of the sixteen non-vasculitis perfora-
tions (Table I). The median cumulative
glucocorticoid dose prior to colon per-
foration in patients with at least one risk
factor for perforation such as clostridi-
um difficile infection, cytomegalovirus
infection, ischaemia, trauma, or lack of
prophylaxis (gastric and duodenal per-
foration), was 4.320 mg. In contrast, the
median cumulative glucocorticoid dose
prior to perforations in patients with-
out such risk factors was 22,170 mg. A
smaller cumulative dose of prednisone
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(approximately 1,500 mg) was neces-
sary for perforation to occur in the co-
lon, compared to approximately 4,000
mg for the other bowel locations.

Twelve cases received pulse dose glu-
cocorticoids in the 12 weeks prior to

perforation (Table II). Five patients in
the IV-non-VI group received pulse
glucocorticoids, one (case no. 4) em-
pirically during hypoxemic respiratory
failure, one (case no. 9) for initial con-
cern of active EGPA, and three (cases

Fig. 1. Angiographic and histologic evidence of vasculitis-induced bowel perforation.

A: Conventional mesenteric angiogram of patient with polyarteritis nodosa (case no.14) demonstrating
beaded narrowing and microaneurysms (thin arrows) of the right colic branch of the superior mesen-
teric artery. B: Pathology from small intestine (case no.15) showing a muscular artery with active vas-
culitis characterised by fibrinoid necrosis (thick arrow); C: inflammation with numerous eosinophils.
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Table II. Characteristics of the study population by perforation type.

Number (%) or Median (IQR)

Characteristic Vasculitis-induced AV-non-VI IV-non-VI p-value
(n=4) (n=9) (n=7)
Age (years) 44 (31,64) 72 (58,74) 75 (63,85) 0.07
Male sex 2 (50) 3 (33) 6 (85) 0.11
Vasculitis type 0.11
EGPA 1 (25) 0 (0) 2 (29)
GPA 0 (0) 7 (78) 4 (57)
MPA 1 (25) 1 (11) 1 (14)
PAN 2 (50) 1 (11) 0 (0)
Body Mass Index 26 (20,29) 24 (22,26) 21 (18,37) 0.82
Charlson Comorbidity Index 2 (2,3) 6 (4,7) 6 (59 0.02
Tobacco use 0.04
Never 0 (0) 3 (33) 2 (28)
Previous 1 (25) 4 (44) 5 (71)
Current 3 (75) 1 .(11) 0 (0)
Alcohol use 1 (25) 3 (33) 5 (71) 0.29
NSAID use prior to perforation 1 (25) 3 (33) 0 (0) 0.25
GI prophylaxis at perforation 3 (75) 5 (56) 3 (43) 0.59
Diverticular disease known prior 1 (25) 4 (44) 2 (29) 0.72
Clostridium difficile 0 (0) 2 (22) 0 (0) 0.26
Days of preceding abdominal pain 41 (11,56) 1 (0,2) 0 (0,0 0.007
Years from vasculitis onset 04 (0.2,6) 2 (1,3) 6 (0.3,11) 0.53
Years from vasculitis diagnosis 0.2 (0.1,5) 2 (0.2,2) 5 (0.2,11) 043
BVAS at diagnosis 25 (17,36) 19 (18,25) 22 (17,29) 0.80
FFS at diagnosis 2.5 (1.53.5) 2 (1,2) 1(1,2) 0.40
BVAS at perforation 19 (7,36) 18 (6,21) 0 0.59
Pulse steroids within 12 weeks 2 (50) 5 (55) 5(71) 0.73
Prednisone dose at perf (mg) 55 (25,70) 60 (50,60) 30 (10,40) 0.14
Cum. prednisone prior (g) 9 (4,12) 4 (4,11) 8 (4,22) 0.83
Cum. days of GC prior to perforation 54 (15,349) 84 (23,297) 102 (3,1902) 0.73
Haemoglobin, gm/dL 13 (8,14) 10 (9,13) 10 (8,12) 0.62
Eosinophils, x10A9/L 0 (0,04) 0 (0,0) 0 (0,0) 1.00
White blood cells, x10A9/L 12 (2,19) 12 (8,19) 10 (7,17) 0.92
Platelets, x10A9/L 316 (35457) 229 (120,239) 194 (111,294) 0.75
ESR, mm/hr 15 (5,147) 43 (27,98) 17 (14,29) 0.24
CRP, mg/L 246 (229,372) 182 (132,189) 22 (341) 0.09
Creatinine, mg/dL 1.5 (0.8,1.7) 14 (1.2,2.5) 1.5 (09,24) 0.84
Lactate, mmol/L 19 (142.3) 1.9 (0.9,2.9) 1.0 (0.8,1.4) 0.44
INR 1.6 (1.3,1.6) 1.1 (1.0,1.1) 1.3 (1.1,1.4) 0.03

BVAS: Birmingham Vasculitis Activity Score; CRP: C reactive protein; EGPA: eosinophilic granulo-
matosis with polyangiitis; ESR: erythrocyte sedimentation rate; FFS: Five Factors Score; g: grams;
GI: gastrointestinal; GPA: granulomatosis with polyangiitis; IQR: interquartile range; mg: milligrams;
MPA: microscopic polyangiitis; NSAID: non-steroidal anti-inflammatory drug; PAN: polyarteritis

nodosa; SD: standard deviation.

no.5, 13, 18) for previously active vas-
culitis several weeks prior that had sub-
sequently resolved by the time of per-
foration. The median number of days
between steroid pulse and perforation
date was somewhat higher among the
IV-non-VI (54 days), than the AV-non-
VI (10 days) and VI (11 days) groups,
but this difference did not reach statis-
tical significance (p=0.42).

Treatment and outcomes

In this study, the treating provider de-
termined immunosuppressive treat-
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ment prior to and after the perforation.
Four cases underwent major escalation
of therapy, five continued at a major
level, six continued at a minor level,
and five underwent reduction in treat-
ment. There was no discernable dif-
ference in number of surgeries, repeat
perforation, vasculitis relapse, duration
of glucocorticoid therapy or immuno-
suppression, or death among those four
treatment groups (Table IIT). Although
there was no standard approach to
management of patients with vasculi-
tis-induced bowel perforation, all four

received either cyclophosphamide or
rituximab and underwent surgery.
Median follow-up after perforation for
the entire cohort was 3.5 years, and ten
patients died during follow-up. The
overall five-year survival was 53%
(95% CI32% to 88%,Fig.2A). The ex-
pected number of deaths was 4.6, so the
observed mortality rate was 2.19 times
expected for similar adults from the
United States (95% CI 1.05 to 4.02). In
comparing the individual groups, there
were five deaths compared with 4.2 ex-
pected in the IV-non-VI group (SMR:
1.19,95% C10.39 t0 2.79, Fig. 2B), and
five deaths compared with 0.4 expected
in the AV-non-VI group (SMR: 13.1,
95% CI 4.3 to 30.6, Fig. 2C). In the VI
group, there were no deaths during the
limited follow-up, precluding estima-
tion of the SMR.

Outcomes were similar among groups,
though the VI group tended to have
more surgeries related to perforation
and longer hospital stay after perfora-
tion, while the AV-non-VI group had
the highest rate of relapse (Table IV).
Repeat perforation occurred in only
two cases (no. 4 and 18), both of whom
belonged to the IV-non-VI group.

Discussion

This study identified several salient fea-
tures associated with vasculitis-induced
bowel perforation including small bow-
el location and longer abdominal pain
duration. It also established the concept
of a potential cumulative steroid perfo-
ration threshold that clinicians should
strive to avoid. Finally, overall mortal-
ity was increased, highlighting the im-
portance of a high index of suspicion
and prompt management.

Currently, the diagnosis of vasculitis-
induced bowel perforation rests on
clinical, histological, and angiographic
evidence. However, these parameters
either separately or combined can at
times be unclear and inconclusive. In-
deed, histological evidence of vasculi-
tis was present in only half of the cases
with vasculitis-induced bowel perfora-
tion in this study. While many of the
published case reports have histology
consistent with vasculitis, the larger
studies show a similarly low proportion
of vasculitis on histology ranging from
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Table III. Treatment decisions and outcomes by group.

ID  Group Type  Prior Treatment Subsequent treatment no.of no.of Stopped Stopped Died F/U
Treatment Decision Surg  Rlpse GC Immuno (yrs)
12 VI MPA  Pulse GC, Continue at continued pulse GC, PLEX, 3 0 No Yes No 0.1
RTX,PLEX  major level and RTX; surgery
14 VI PAN  GC,MMF Major loop ileostomy; pulse GC, 5 0 Yes Yes No 1.1
escalation MMF changed to CYC
15 VI EGPA GC, Major Bowel pulse GC; bowel resection; 2 0 No Yes No 0.3
mepolizumab  escalation re-dosed mepolizumab then
changed to CYC 6 days later
16 VI PAN  None Major bowel resection; CYC and pulse 1 0 No No No 0.1
escalation GC 16 days later
1 AV-non-VI GPA GC,MTX Reduction of  colectomy; decreased GC, 2 0 Yes N/A No 35
treatment stopped MTX
2 AV-non-VI GPA  GC,MMF Continue at sigmoidectomy; continued GC 2 2 Yes Yes No 159
major level and MMF
6 AV-non-VI MPA  GC,CYC Continue at surgery; continued GC, paused 1 0 Yes Yes No 0.5
major level CYC x2 days
7 AV-non-VI GPA  GC Continue at surgery; continued GC 1 0 No N/A Yes 0.1
minor level
8 AV-non-VI GPA  Pulse GC Reduction of  surgery; reduced GC 1 1 Yes N/A Yes 1.2
treatment
10  AV-non-VI GPA GC Major bowel rest; pulse GC, RTX, 0 1 Yes Yes No 0.6
escalation PLEX
11 AV-non-VI GPA GC,RTX Reduction of  reduced GC, continued RTX; 1 0 No No Yes 0.2
treatment surgery five days later
17  AV-non-VI PAN GC Continue at colostomy; continued GC 1 0 No N/A Yes 0.1
minor level
20  AV-non-VI GPA GC, CYC Reduction of  bowel rest then sigmoidectomy; 1 1 No Yes Yes 14
treatment reduced GC, stopped CYC
3 IV-non-VI MPA GC Continue at bowel rest; continued GC 0 0 No N/A Yes 09
minor level
4 IV-non-VI EGPA GC Continue at surgery; continued GC 1 0 Yes N/A Yes 8.4
minor level
5 IV-non-VI GPA  GC,CYC Continue at laparoscopic repair; increased GC, 1 0 Yes No No 7.7
major level held CYC x3 days then resumed
9 IV-non-VI EGPA MTX Reduction of  partial resection; held MTX 1 0 No Yes 0.0
treatment
13 IV-non-VI GPA GC Continue at cecal resection; continued GC 2 0 No N/A No 0.1
minor level
18 IV-non-VI GPA  GC Continue at surgery with Graham patch; 1 0 Yes Yes Yes 11.5
minor level continued GC
19 IV-non-VI GPA GC, MMF, Continue at hemicolectomy; continued GC 1 0 No Yes Yes 9.6
cyclosporine  major level and cyclosporine™

*Maintenance immunosuppression for prior renal transplant for end-stage renal disease secondary to GPA.
AV: active vasculitis; CYC: cyclophosphamide; EGPA: eosinophilic granulomatosis with polyangiitis; F/U: follow-up; GPA: granulomatosis with poly-
angiitis; GC: glucocorticoid; immuno: immunosuppression; IV: inactive vasculitis; MMF: mycophenolate mofetil; MPA: microscopic polyangiitis;
MT: methotrexate; PAN: polyarteritis nodosa; PLEX: plasma exchange, rlpse: relapse; RTX: rituximab; surg: surgery; VI: vasculitis-induced; yrs: years.
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Fig. 2. Survival of patients with vasculitis and
bowel perforation.

Survival of the vasculitis and bowel perforation
cohort (solid line) compared to expected (dotted
line) for (A) the entire cohort (n=20), (B) patients
without active vasculitis at the time of perfora-
tion (n=7), and (C) patients with active vasculitis
that was not the cause of perforation (n=9).

43-75%. Storesund et al. note three out
of seven (16), Levine et al. six out of
eight (7), Pagnoux 18 out of 36 (3), and
Eriksson two out of four (9). Vasculi-
tis-related bowel resection may lack
histological evidence of vasculitis for
two reasons. First, if the vasculitis oc-
curred proximally causing mesenteric
thrombosis and distal bowel ischaemia,
the resection specimen might only dem-
onstrate patchy ischaemia, necrosis, or
thrombosis. Second, a predominately
necrotic specimen cannot be evaluated
for vasculitis because viable tissue is
absent. Given the low sensitivity of
histology, a high index of suspicion is
essential. Interestingly, three of the four
cases in this report that occurred after
2014 were attributed to vasculitis. This
recent clustering might represent coin-
cidence, or alternatively, it might sug-
gest higher awareness of vasculitis.

Importantly, this study showed that
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Table IV. Outcomes by perforation type.

Median (IQR) or Number (rate per 100 py)

Outcome Vasculitis-induced ~ AV-non-VI IV-non-VI  p-value
(n=4) (n=9) (n=7)
Number of surgeries for perforation 25 (1.54) 1 (1,1 1 (1,1 0.06
Length of stay after perforation (days) 34 (25,75) 29 (21,36) 11 (5,34) 0.13
Recurrent perforation 0 (0) 0 (0) 2 (11) 0.84
Glucocorticoid discontinuation 1 (69) 5 (68) 3 (26) 0.80
Immunosuppression reduction 3 (504) 4 (198) 2 (12) 0.08
Number of relapses 0 (0) 4 (21) 0 (0) 0.007

AV: active vasculitis; IQR: interquartile range; IV: inactive vasculitis; py: person years; VI: vasculitis-

induced.

small bowel location of perforation
and longer duration of abdominal pain
might represent useful features for
suggesting vasculitis-induced perfo-
ration. Vasculitis-induced perforation
occurred between the small bowel and
the cecum. Perforation in this location
also appeared to be specific for vascu-
litis, as all cases of perforation between
the small bowel and caecum resulted
from vasculitis except one (case no.
13). Existing literature also suggests
that vasculitis commonly involves the
small bowel (17), and less commonly
involves the colon (18). Interestingly, in
four case reports of vasculitis-induced
bowel perforation without preceding
glucocorticoids (i.e. those where glu-
cocorticoids could definitely not have
contributed to perforation), three oc-
curred in the small bowel and one in the
caecum (19-22), a distribution identical
to the cases in the current study.
Duration of abdominal pain prior to
perforation was perhaps the most dis-
tinguishing feature between patients
with vasculitis-induced and non-vas-
culitis induced perforation. Abdomi-
nal pain occurred simultaneously with
perforation in the IV-non-VI group and
approximately one day prior to perfora-
tion in the AV-non-VI group. However,
in the VI group, the median duration
between onset of abdominal pain and
perforation was 41 days. Thus, the
number of days of preceding abdominal
pain may be a key diagnostic clue to the
aetiology of perforation.

Several other characteristics varied
amongst the groups. Tobacco use, es-
pecially active use, was also associated
with vasculitis-induced perforation,
though sample size was extremely lim-

ited. This finding reiterates the impor-
tance of tobacco cessation in all patients
with vasculitis, especially those with
bowel ischaemia or perforation. CCI
was lowest in the VI group and high-
est in the AV-non-VI and IV-non-VI
groups, suggesting a role of older age
and higher comorbidity burden in non-
vasculitic perforations. Time since vas-
culitis onset and diagnosis trended low-
er in the VI group (approximately three
months) compared to the AV-non-VI
(two years) and I'V-non-VI (six years)
groups, consistent with a prior observa-
tion that bowel manifestations of GPA
usually occur within the first two years
of disease (16). However, this factor
may not be a reliable indicator in distin-
guishing the aetiology of perforation, as
the differences were not significant, and
one member of the VI group (case no.
15) had been diagnosed ten years prior
to perforation. While the difference in
International Normalised Ratio (INR)
was statistically significant, it was not
clinically significant.

This study provides further granularity
regarding steroid use prior to perfora-
tions. The concept of glucocorticoid-in-
duced bowel perforation gained greater
understanding in the 1960s, with glu-
cocorticoids being thought to thin the
mucosal lining of the bowel wall and
reduce its antimicrobial defenses, pre-
disposing it to perforation (4, 5). If an
outside factor such as critical illness
caused both glucocorticoid use and per-
foration (an effect-effect relationship),
then cases without pre-existing gluco-
corticoid use should also exist. In this
study, the only case without pre-exist-
ing glucocorticoid use was one of the
vasculitis-induced cases. In addition,
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repeat perforation occurred in only two
patients, who were both in IV-non-VI
group. This may have occurred because
glucocorticoid-induced thinning of the
GI tract is more of a chronic and irre-
versible change compared to vasculitis,
which can be potentially reversible with
immunosuppression.

Bowel perforations in this study also ap-
peared to occur above certain cumula-
tive glucocorticoid dose thresholds. For
patients with perforation risk factors
such as ischaemia, infections, or lack
of gastrointestinal mucosal prophy-
laxis, this threshold was approximately
5,000 mg prednisone. For those without
such risk factors it was approximately
20,000 mg. Many of these non-vascu-
litis perforations occurred in the colon,
of which all occurred at sites of colonic
diverticula. However, history of diver-
ticulosis was present in only three out
of eight. Although colonic perforation
is not commonly considered a gluco-
corticoid-associated adverse event, this
study suggests that clinicians may need
to pay particular attention to this poten-
tial complication. They should reduce
cumulative glucocorticoid exposure
whenever possible, even in patients
without history of diverticulosis.

In this study, treatment before and af-
ter perforation varied widely, making
conclusions about optimal treatment
after perforation elusive. Treatment for
glucocorticoid-induced perforation is
straightforward and consists of gluco-
corticoid reduction both to address the
underlying cause and promote wound
healing. Maintenance treatment for
systemic vasculitis is also well-defined
(23, 24). However, the timing, inten-
sity, and duration of treatment for vas-
culitis-induced perforation is less clear,
specifically if surgery is required. In the
current report, all four cases with per-
foration resulting from active vasculitis
underwent surgery in combination with
glucocorticoids and at least one immu-
nosuppressive agent. Prior studies have
recommended early surgical interven-
tion (25, 26), which occurred in two
out of four cases (no. 14 and 16). Other
studies have also suggested increasing
immunosuppression to reduce gluco-
corticoid burden and its associated ef-
fects on wound and surgical healing
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(17, 18, 20). While two cases received
additional immunosuppressive agents
(cases no. 15 and 16), none received
immediate glucocorticoid reduction. In
fact, three received pulse glucocorti-
coids after perforation. Unfortunately,
this study was too small to evaluate the
relationship between these therapeutic
decisions and long-term outcomes.

In general, mortality among patients
with vasculitis and bowel perforation
was twice that of the general popula-
tion. This finding is consistent with
prior observations that bowel perfora-
tion is a serious complication that con-
fers significant morbidity and mortal-
ity (2, 3). Mortality in the AV-non-VI
group was particularly high. Although
mortality could not be calculated in the
VI group, the number of surgeries and
length of stay trended higher in this
subset.

Strengths of this study include the fact
that it is the first large, single-institution
cohort of patients with known ANCA-
vasculitis or PAN and gastrointestinal
perforation in which both the activity
of the vasculitis and the aetiology of
the perforation have been compared.
Using a cohort derived from the past
twenty years, its relatively recent co-
hort improves its generalisability com-
pared to older cohorts. For example,
older studies of bowel perforation and
PAN included primarily HBV-induced
PAN, which is now less common (3).
Another strength is the detailed charac-
terisation of prednisone usage, an asso-
ciated potential factor in the aetiology
of gastrointestinal perforation.

This study also has important limita-
tions. First, its retrospective nature in-
troduces selection bias and referral bias
by only including patients at a large,
tertiary medical centre for whom vas-
culitis or bowel perforation was known
and charted. Second, only four of the
twenty patients had perforation deemed
conclusively due to vasculitis. This
small sample size limits our ability to
make definitive interpretations of these
data. For example, while the VI group
tended to have worse outcomes, none of
the differences were statistically signifi-
cant. Similarly, due to the small sample
size, it is possible the observed signifi-
cant differences such as the differences

in location, pain duration, and tobacco
may have been due to chance. Finally,
follow-up of the VI group was limited,
prohibiting conclusions about treat-
ments or survival. Future studies should
use a larger sample size to determine
the optimal treatment, which still re-
mains unclear. Separate, larger studies
specifically evaluating the threshold for
glucocorticoid-induced bowel perfora-
tion are also warranted, as high-dose
glucocorticoids are commonly used in
the management of several diseases.

In conclusion, bowel location and ab-
dominal pain duration may help dis-
tinguish glucocorticoid-induced bowel
perforation, the more common aetiol-
ogy, from vasculitis-induced bowel per-
foration, the more hazardous aetiology.
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