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INTRODUCTION:  Pyoderma  gangrenosum  is a chronic  neutrophilic  dermatosis  which  can  occur  following
trauma  or  surgery  and  can  mimic  infection.  Surgical  intervention  can  lead  to progression  of disease.
PRESENTATION  OF  CASES:  This  case  series  describes  3 cases  of  post-surgical  pyoderma  gangrenosum  with
delayed  diagnosis  from  two large  medical  centers.
DISCUSSION: Epidemiology,  pathogenesis,  clinical  and  histopathologic  presentation,  and  management  of
ost-surgical
yoderma gangrenosum
ecrotizing fasciitis
ase report

post-surgical  pyoderma  gangrenosum  are  discussed  with  a review  of  the  literature.
CONCLUSION:  Post-surgical  pyoderma  gangrenosum  (PSPG)  can mimic  ulcerative  disorders  including
bacterial  infection.  The  diagnosis  should  be  suspected  in  post-operative  wounds  with  negative  bacterial
cultures  which  progress  despite  broad-spectrum  antibiotics  and surgical  debridement.  Recognizing  the
clinical features  of PSPG  is  fundamental  to  prevent  severe  destruction  and  deformity.
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. Introduction

Pyoderma gangrenosum (PG) is a chronic, idiopathic, and
apidly evolving cutaneous ulcerative condition [1]. PG is con-
idered a neutrophilic dermatosis that can affect any age group,
owever it has a peak incidence between ages of 20–50 [2].

t equally affects both sexes. Pathophysiology of the disease is
ot completely understood [3], however it is thought to involve
p-regulation and aberrant trafficking of polymorphonuclear neu-
rophils (PMNs) with subsequent release of PMN-stimulating
ytokines [4].

Although they can occur anywhere, the painful cutaneous
esions of PG most commonly occur on the lower extremities and
runk [3]. Typically, they begin as a tender pustule that becomes
lcerated with a raised, violaceous, undermined border and a crib-
iform base. Fever and malaise are often concurrent [5]. Although
on-specific, common lab abnormalities in patients with PG can

nclude leukocytosis, elevated erythrocyte sedimentation rate, and
levated C-reactive protein [3]. There have been a few reports

f an elevated ANA titer [1]. A sterile incisional biopsy from the
lcer border including subcutaneous tissue is required to rule
ut an infectious etiology. Histopathology reveals mixed cellular
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inflammation with neutrophil predominance [6]. A biopsy from
erythematous skin adjacent to the ulcer may  reveal superficial and
deep vascular injury with necrosis and a dense lymphocytic infil-
trate [6].

Pathergy plays a key role in the pathogenesis and development
of PG [7]. Pathergy is the induction or exacerbation of skin lesion
after trauma. More severe trauma, such as a surgical procedure, can
result in induction of PG through the release of cytokines and PMN
chemotaxis [8].

Herein, we  present three cases of post-operative PG,  whose
course would likely have been curtailed by prompt diagnosis and
initiation of appropriate treatment. This work has been reported in
line with the SCARE criteria [9].

2. Presentation of cases

2.1. Case 1

A 41-year-old male presented to the hospital with progres-
sive painful ulcerations on the left lower extremity and right arm
following endovenous varicose vein ablation. The lesions progres-
sively worsened over a 4-week period despite broad-spectrum
antibiotics and surgical debridement. Physical exam revealed an

ulcer on left lower extremity measuring 65 × 25 × 5 cm and on
the right ventral forearm measuring 7 × 3.8 × 1.3 cm.  Ulcerations
exhibited deep violaceous undermined borders and granulation
tissue and exposed muscle at base. The patient subsequently devel-
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ig. 1. Case 1. A: Ulceration shows violaceous undermined border B: Ulceration at
uppurative inflammation extending to deep subcutaneous tissue D: Histopatholog

ped leukocytosis and fever. Blood, urine, and wound bacterial
nd fungal cultures didn’t yield any infectious organisms. Four
eeks after his initial endo-venous procedure, dermatology was

onsulted and performed an incisional skin biopsy. The histopathol-
gy showed epidermal ulceration with underlying superficial and
eep neutrophilic inflammation extending to the deep subcuta-
eous adipose tissue lobules and connective tissue septae, findings
uggestive of PG. Patient was managed with wound care, systemic
teroids, and cyclosporine. Progression of ulcerations was quickly
alted following initiation of treatment (Fig. 1).

.2. Case 2

A 55-year-old Caucasian male with a history of multiple ampu-

ations of the right lower extremity due to peripheral vascular
isease presented to the hospital with a progressive painful ulcer-
tion involving the right lower extremity stump following right
elow knee amputation. Physical exam revealed a 14 × 12 cm ulcer
f venipuncture C: Histopathology at low magnification shows superficial and deep
igh magnification shows abundant neutrophils.

with a rolled border, granulation tissue and a black eschar at the
base. The ulceration was  progressively enlarging despite antibi-
otic treatment, surgical debridement and negative tissue and blood
cultures. One year after his initial amputation dermatology was
consulted. Skin biopsy revealed a neutrophilic infiltrate and leuko-
cytoclastic vasculitis suggestive of PG. Patient was  immediately
started on systemic steroids and noticed significant improvement
of pain. The size of ulcer decreased gradually during treatment
(Fig. 2).

2.3. Case 3

A 30-year-old Caucasian male presented to the hospital with a
history of recurrent wounds and abscesses on his face and prior sur-

gical sites on his trunk over a period of 3.5 years. Ulcers continued
to progress despite broad spectrum antimicrobial coverage, mul-
tiple attempts of incision and drainage and surgical debridement.
He subsequently underwent successful skin grafting; however, sur-
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ig. 2. Case 2. A: Ulceration at stump site shows undermined erythematous border
uppurative inflammation extending to subcutaneous tissue C: Histopathology at h

ical sites still remained complicated by non-healing ulcerations.
hysical exam revealed large ulcers with undermined wound edges
nd surrounding violaceous, blue grey erythema on the mid  ster-
um, left flank, and bilateral pre-auricular regions. Tissue aspirates
nd blood cultures only grew staphylococcus epidermidis, which
as considered a contaminant. Three and a half years after devel-

ping his initial lesions, dermatology was consulted. A tangential
iopsy was performed and showed a diffuse neutrophilic infiltrate
onsistent with PG. He was then started on systemic steroids with
ubsequently rapid improvement of his condition. Colonoscopy
as performed and the patient was diagnosed with IBD. Patient
as successfully managed with Adalimumab for both his PG and

BD (Fig. 3).

. Discussion
Post-surgical PG (PSPG) has been noted to develop at the site of
urgery within 7–11 days of surgical intervention [1,10]. It may  be
istaken for necrotizing fasciitis due to the initial erythema and
cribriform base B: Histopathology at low magnification shows superficial and deep
agnification shows mainly neutrophils and leukocytoclastic vasculitis.

disproportional pain [11–15]. Both misdiagnosis, most commonly
as infection, and aggressive surgical intervention lead to rapid pro-
gression of PSPG [12]. Baranska-Rybak et al. found that 5 out of 12
patients underwent surgical intervention before the diagnosis of
PSPG was made [13].

In over 50% of cases, PG is associated with systemic diseases
such as inflammatory bowel disease, rheumatoid arthritis, and
myeloproliferative disorders [16]. PSPG, on the other hand, has
been found to be associated with systemic disease in 22%–35% of
cases, the most common comorbidity being myeloproliferative dis-
orders [9]. This leaves the majority of patients with no predisposing
comorbidity other than surgery.

Correctly and promptly diagnosing PSPG is of the utmost impor-
tance in reducing its often destructive course. Ahronowitz et al. [17]
advised obtaining a complete patient history and physical examina-

tion, culturing the tissue to exclude infectious causes, and collecting
skin biopsies containing the active border of the ulcer and pene-
trating deep into the subcutaneous tissue. Histology of the wound
will show a non-specific inflammatory infiltrate without bacteria,
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ig. 3. Case 3. A: Ulceration at previous surgical sites show undermined erythema
agnification shows suppurative inflammation extending into the deep subcutaneo

ecrosis  and hemorrhage.

owever it is important to remember that there may  be coloniza-
ion of the wound or secondary bacterial infection that can make it
hallenging to differentiate from primary infection [12]. Binus et al.
emonstrated that 74 patients with PG had tissue samples evalu-
ted and 30% contained at least one single colony of bacteria [7]. A
ack of response to antibiotics and surgical debridement along with
epeated negative bacterial cultures should prompt consideration
f PG.

Management of PSPG is similar to classic PG. Surgical debride-
ent is not generally recommended because it may  induce

athergy and persistence and/or expansion of the ulcers. In addition
o wound care and pain management, systemic corticosteroids and
yclosporine alone or in combination are considered first-line ther-
pies [10]. Hyperbaric oxygen, cyclophosphamide, methotrexate,
ycophenolate mofetil, sulfasalazine, and azathioprine are consid-
red other treatment options [14]. More recently targeted therapies
re proven effective in management of PG, namely the tumor necro-
is factor alpha antagonists, infliximab and adalimumab [18]. There
ave been few reports in the literature of successful grafts and flaps
ulcers with surrounding violaceous, blue grey erythema B: Histopathology at low
sue C: Histopathology at high magnification shows sheets of neutrophils with focal

to cover primary defect after institution of immunosuppression.
However, this treatment option remains highly controversial [15].

4. Conclusion

PG remains a diagnosis of exclusion and one not often seen by
surgical specialties outside of Dermatology. It can mimic many
other cutaneous conditions including bacterial infection, vascu-
lar occlusive disease and chronic non-healing wounds, which
often lead to misdiagnosis and aggressive surgical debridement.
The diagnosis is often delayed despite inadequate response to
antibiotics, surgical debridement, and negative bacterial cultures.
Recognizing the clinical features of PG and its pathergenic nature
while ensuring timely management is fundamental to preventing
severe destruction and deformity.
Conflict of interest

No conflict of interest for any of the authors.



 –  O
1 al of Su

F

E

a

C

i
j

A

o
i

o
m

t

d

c
i

b
m

c
i

G

B

[

[

[

[

[

[

[

[

[

1203–1205.

O
T
p
c

CASE  REPORT
56 R. Almukhtar et al. / International Journ

unding

No funding provided.

thical approval

Ethical approval was obtained from Ochsner Health Care System
nd University of Texas Medical Branch Health Care System.

onsent

Written consent was obtained from all three patients reported
n this case series to have their case and pictures published in the
ournal.

uthor contribution

Rawaa Almukhtar, M.D. contributed to study concept, collection
f clinical history, physical exam, biopsy, any other investigations,
nterpretation of data, and manuscript writing and review.

Julie Martin, M.D. contributed to study concept, collection
f clinical history, physical exam, interpretation of data, and
anuscript review.
Bethany Vincent, M.D. contributed to study concept, interpreta-

ion of data, and manuscript review.
Brain Lee, M.D. contributed to study concept, interpretation of

ata, and manuscript review.
Andrew Armenta contributed to study concept, collection of

linical history, physical exam, biopsy, any other investigations,
nterpretation of data, and manuscript writing and review.

Brandon Goodwin collection of clinical history, physical exam,
iopsy, any other investigations, interpretation of data, and
anuscript review.
Mara M.  Dacso contributed to study concept, collection of

linical history, physical exam, biopsy, any other investigations,
nterpretation of data, and manuscript writing and review.
uarantor

Rawaa Almukhtar, Andrew Armenta, Brain Lee, Julie Martin,
randon Goodwin, Bethany Vincent, and Mara M.  Dacso.

pen Access
his article is published Open Access at sciencedirect.com. It is distrib
ermits unrestricted non commercial use, distribution, and reproduct
redited.
PEN  ACCESS
rgery Case Reports 44 (2018) 152–156

References

[1] S.N. Tolkachjov, et al., Postoperative pyoderma gangrenosum (PG): the Mayo
Clinic experience of 20 years from 1994 through 2014, J. Am. Acad. Dermatol.
73  (4) (2015) 615–622.

[2] F.C. Powell, et al., Pyoderma gangrenosum: a review of 86 patients, Q. J. Med.
55  (217) (1985) 173–186.

[3] E. Ruocco, et al., Pyoderma gangrenosum: an updated review, J. Eur. Acad.
Dermatol. Venereol. 23 (9) (2009) 1008–1017.

[4] Y. Adachi, et al., Aberrant neutrophil trafficking and metabolic oscillations in
severe pyoderma gangrenosum, J. Invest. Dermatol. 111 (2) (1998) 259–268.

[5] J.P. Callen, Pyoderma gangrenosum, Lancet 351 (9102) (1998) 581–585.
[6] W.P. Su, et al., Pyoderma gangrenosum: clinicopathologic correlation and

proposed diagnostic criteria, Int. J. Dermatol. 43 (11) (2004) 790–800.
[7] A.M. Binus, et al., Pyoderma gangrenosum: a retrospective review of patient

characteristics, comorbidities and therapy in 103 patients, Br. J. Dermatol. 165
(6) (2011) 1244–1250.

[8] H.L. Malech, J.I. Gallin, Current concepts: immunology. Neutrophils in human
disease, N. Engl. J. Med. 317 (11) (1987) 687–694.

[9] R.A. Agha, A.J. Fowler, A. Saetta, I. Barai, S. Rajmohan, Orgill DP, for the SCARE
group. the SCARE statement: consensus-based surgical case report guidelines,
Int. J. Surg. 68 (3) (2016) 295–303.

10] K.J. Zuo, et al., A systematic review of post-surgical pyoderma gangrenosum:
identification of risk factors and proposed management strategy, J. Plast
Reconstr. Aesthet. Surg. 68 (3) (2015) 295–303.

11] A.S. Waterworth, K. Horgan, Pyoderma gangrenosum–an unusual differential
diagnosis for acute infection, Breast 13 (3) (2004) 250–253.

12] W.  Baranska-Rybak, et al., A retrospective study of 12 cases of pyoderma
gangrenosum: why we should avoid surgical intervention and what therapy
to  apply, Am.  Surg. 77 (12) (2011) 1644–1649.

13] S.B. Huish, et al., Pyoderma gangrenosum of the hand: a case series and
review of the literature, J. Hand Surg. Am.  26 (4) (2001) 679–685.

14] J. Miller, et al., Pyoderma gangrenosum: a review and update on new
therapies, J. Am.  Acad. Dermatol. 62 (4) (2010) 646–654.

15] H.H. Seok, M.S. Kang, U.S. Jin, Treatment of atypical pyoderma gangrenosum
on  the face, Arch. Plast. Surg. 40 (4) (2013) 463–465.

16] A. Saracino, et al., Pyoderma gangrenosum requiring inpatient management:
a  report of 26 cases with follow up, Australas. J. Dermatol. 52 (3) (2011)
218–221.

17] I. Ahronowitz, J. Harp, K. Shinkai, Etiology and management of pyoderma
gangrenosum: a comprehensive review, Am.  J. Clin. Dermatol. 13 (3) (2012)
191–211.

18] E. Guenova, et al., Interleukin 23 expression in pyoderma gangrenosum and
targeted therapy with ustekinumab, Arch. Dermatol. 147 (10) (2011)
uted under the IJSCR Supplemental terms and conditions, which
ion in any medium, provided the original authors and source are

http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30059-2/sbref0090
http://www.sciencedirect.com
http://www.elsevier.com/wps/find/journaldescription.cws_home/723449/preface2

	Delayed diagnosis of post-surgical pyoderma gangrenosum: A multicenter case series and review of literature
	1 Introduction
	2 Presentation of cases
	2.1 Case 1
	2.2 Case 2
	2.3 Case 3

	3 Discussion
	4 Conclusion
	Conflict of interest
	Funding
	Ethical approval
	Consent
	Author contribution
	Guarantor
	References


