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Introduction

Tissue healing is of vital importance to surgical outcomes,
and alterations can have devastating consequences. Under-
standing a patient’s healing patterns is crucial for preoperative
planning and patient counseling. While not fully understood or
previously published, we here present a series of cases lead-
ing us to hypothesize that neurofibromatosis may be associated
with poor bowel healing.

Neurofibromatosis (NF) is a neurocutaneous syndrome that
typically causes tumor growth on nervous tissue [1]. NF encom-
passes multiple distinct autosomal dominantly inherited disor-
ders including neurofibromatosis type 1 (NF1), neurofibroma-
tosis type 2 (NF2) and schwannomatosis [2-4]. NF1 is the most
common subtype, accounting for 96% of cases of NF and has
an incidence of 1 in 2600-3000 people [1,5,6]. NF1 is caused
by a mutation in NF1, a tumor suppressor gene that encodes
neurofibromin, a GTPase-activating protein that negatively
regulates the RAS/MAPK pathway [7,8]. Neurofibromas are a
hallmark finding of NF1, as are café-au-lait spots, freckling in
skinfolds, bone dysplasia, osteopenia, and Lisch nodules [9-13].
NF2 accounts for 3% of cases, with an incidence varying from 1
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in 25,000-46,000 people [1,5,6]. Like NF1, NF2 is a tumor sup-
pressor. It encodes merlin (also called schwannomin) which is
a membrane-cytoskeleton scaffolding protein [14,15]. Clinical
characteristics of NF2 include bilateral vestibular schwannomas,
meningiomas, gliomas, ependymomas, and posterior subcap-
sular cataracts [16-19]. Schwannomatosis is the least common
subtype, accounting for <1% of all cases, and has a highly vari-
able reported incidence of 1 in 68,000 to 1 in 1,800,000 people
[6,20,21]. The most common genetic mutations implicated in
schwannomatosis are SMARCB1 and LZTR1 [22-24]. Schwanno-
matosis has incomplete penetrance, unlike NF1 and NF2. It is re-
lated to NF2, and they were originally thought to be one clinical
entity. However, schwannomatosis is genetically distinct from
NF2 and is defined as multiple non-vestibular schwannomas in
the absence of other features of NF2 [25,26].

NF has consequences for many different physiologic process-
es. One effect that is not fully understood is the impact of NF
on tissue healing. Though there have been a number of wound
healing studies in NF, there have been no known studies report-
ing specifically on the potential impact of NF on bowel healing.

Etra JW



Annals of Surgical Case Reports & Images

Regardless of the technique to repair or anastomose the bowel
(hand sewn, stapled), there is a risk of leak, which allows egress
of bowel contents into the peritoneal cavity and result in sig-
nificant morbidity. In this report, we present three recent cases
of patients with NF who had multiple complications related to
healing following bowel injury. While we cannot prove associa-
tion or causality, it is crucial to know whether these disease
processes result in higher risk of anastomotic leak, as these pa-
tients would need to be approached with extra care in planning
and executing abdominal operations. We present three surgical
cases in patients with different NF subtypes, each of whom ex-
periences abnormal bowel healing. These cases, along with a
review of the literature, suggest that NF may impair bowel heal-
ing and increase the risk of post-surgical complications.

Case presentations
Patient 1

This patient is a 63-year-old female with a family history of
NF who has a longstanding history of NF1. Her manifestations at
the time of presentation included many cutaneous and subcu-
taneous neurofibromas and osteoporosis. She had a fibroma re-
moved from her inferior aortic arch and had an adrenalectomy
due to a pheochromocytoma.

She had a history of ventral hernia repairs complicated by
infected mesh and subcutaneous abscesses that had been
treated nonoperatively. She presented for the first time to us
with sepsis and underwent exploratory laparotomy with exten-
sive lysis of adhesions, abdominal mesh explantation, excision
of antimesenteric jejunal mass, appendectomy, segmental ileal
resection with stapled side-to-side anastomosis, and abdominal
wall debridement with abdominal closure. At the time, it was
noted that her small bowel had fistulized to the mesh, which
was the source of her multiple mesh infections. The postopera-
tive course was complicated by an anastomotic leak, sepsis, and
enterocutaneous fistula formation. Six months later, percutane-
ous closure of the fistula was performed but closure failed three
days later. Over the following months, the enterocutaneous fis-
tula intermittently closed and formed multiple subcutaneous
abscesses.

She presented six months later for an exploratory lapa-
rotomy with extensive lysis of adhesions and fistula takedown
with small bowel anastomosis. Enterolysis was unusually diffi-
cult due to the extensive adhesions. Her postoperative hospital
course was complicated by wound dehiscence and new entero-
cutaneous fistulas requiring negative pressure wound therapy.
Secondary skin closure occurred after two months of hospital
admission, and she was discharged in a stable condition. She
was treated outpatient with parenteral nutrition and local
wound care. She had one subsequent admission for bacteremia
which was treated with antibiotics and an exchange of her cen-
tral line. Over the course of months of treatment with suppres-
sive antibiotics and parenteral nutrition, she had resolution of
the enterocutenous fistula.

Patient 2

Patient 2 is a 55-year-old male originally diagnosed with NF1
at age 10 with peripheral neurofibromas and café-au-lait spots.
Manifestations at the time of presentation include plexiform
neurofibromas, right ulnar neuropathy, right-sided motor defi-
cits, and abnormal gait. He has had multiple cervical tumor de-
compressions, a right ulnar nerve transposition, and many (30+)
superficial neurofibromas excised.

He presented to a hospital outside our institution with unre-
lenting abdominal pain and a small amount of pneumoperito-
neum on Computed Tomography (CT) scan. Subsequent explor-
atory laparotomy revealed a perforated prepyloric ulcer, and
an open gastric antrectomy with gastrojejunostomy was per-
formed and a JP drain was placed. Extensive intraperitoneal and
retroperitoneal neurofibromas were noted during surgery. A CT
scan on Postoperative Day (POD) 5 showed an inflamed duode-
nal stump with surrounding fluid, concerning for a stump leak.
On PODS, a percutaneous biliary drain was placed for ongoing
bile leak from the duodenal stump. On POD14, an intraperito-
neal percutaneous drain was placed for a parasplenic abscess.
He was discharged on POD22.

He presented to an outside hospital approximately two
months later with constipation, dizziness, and CT evidence of
fecal impaction. He developed a small bowel obstruction and
septic shock requiring vasopressors. He was also found to have
another duodenal stump leak, which was managed with an
over-the-endoscope clip for repair. He was transferred to our
institution for evaluation due to persistent bilious output from
drains. Subsequent cholangiogram was negative for persistent
duodenal leak and CT showed no new intra-abdominal lesions.
He was discharged in a stable condition.

Patient 3

This patient is a 63-year-old male with probable NF2 (not de-
finitively distinguished from schwannomatosis) that manifested
with many central and peripheral schwannomas, including spi-
nal lesions in the cervical, thoracic, and lumbar regions, a right
vestibular schwannoma, and multiple schwannomas on his
right upper extremity, as well as diffuse right-sided peripheral
neuropathy. He had multiple schwannoma resections.

He presented for a C5/C6 laminoplasty due to worsening
right-sided weakness. On POD4, general surgery was consulted
for concern for an ileus and colonic dilation that improved with
conservative management. On POD9, he began having severe
abdominal pain and distension. Imaging demonstrated pneu-
moperitoneum and a significantly dilated colon. He underwent
a laparotomy, which revealed Ogilvie’s syndrome with trans-
verse colon perforation. An extended right hemicolectomy with
primary ileocolic anastomosis was performed. On POD7 from
the laparotomy, a CT scan showed concern for an anastomot-
ic leak. He returned to the OR the next day for an abdominal
washout with colorrhaphy and diverting loop ileostomy. A drain
was placed for intra-abdominal abscesses. He was discharged
to rehab approximately five weeks after the initial laminoplasty
but returned a week later with hypovolemic shock and acute
kidney injury. During this admission, there was evidence of a
fistula of his abscess cavity to adjacent small bowel. An indwell-
ing drainage catheter followed by fibrin glue were used to re-
pair the fistula. Contrast enema showed no anastomotic leak or
strictures, and a colonoscopy was unremarkable.

He returned a year later for an elective ileostomy takedown
and small bowel resection with primary anastomosis. The post-
operative course was complicated by an ileus and gram-nega-
tive rod bacteremia. He had a right lower quadrant abdominal
drain placed for loculated ascites with concern for peritonitis.
Imaging showed no anastomotic leak. He was discharged with
improved ileus and bacteremia.

He returned to the emergency room three weeks later with
a Richter’s hernia involving colon wall just distal to the ileocolic
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anastomosis herniating through the site of the previous drain.
He underwent a diagnostic laparoscopy which was converted
to a laparotomy and revealed colon perforation at the herniat-
ed bowel and severe intra-abdominal adhesions and interloop
abscesses. He had extensive lysis of adhesions and ileocolic
resection with primary anastomosis. He returned to the oper-
ating room 10 days later for an abdominal washout and drain
placement due to deep surgical site infection not amenable to
percutaneous drainage . He was extubated postoperatively but
required re-intubation for airway protection and hypoxia. He
was found to have pneumonia and pulmonary edema. He was
subsequently extubated for two days and then required endo-
tracheal intubation for recurrent respiratory failure. Per family
wishes, he was transitioned to comfort measure only care, and
he died three days later.

Discussion/Conclusion

Our patients all presented with variations of neurofibroma-
tosis and what we believe to be abnormal gastrointestinal heal-
ing. We performed a systematic review for published articles on
wound healing in NF (Table 1). Wound healing is known to be
altered in patients with NF. Multiple animal and human studies
have been conducted in an attempt to characterize this rela-
tionship, the results of which have been inconsistent. Atit et al
found that in NF1 knockout mice, fibroblasts produced an ab-
normal pattern and amount of granulation tissue in response
to injury. They also noted that these mice continued to have
fibroblast proliferation past the normal wound remodeling
phase [27]. In contrast, another study found that people with
NF1 seemed to have less scar proliferation in response to in-
jury, as shown by the finding that they were significantly less
likely to develop a hypertrophic or keloid scar compared to
those with a solitary neurofibroma [28]. They found low rates
of wound healing complications. Ademiluyi et al. [29] found a
decreased incidence of hypertrophic and keloid scars; however,
they found poor wound healing and many cases of wound de-

hiscence in their cohort of thirty NF1 patients. Another study
found no difference in epidermal and dermal wound healing in
people with NF1 compared to healthy controls [30]. Golomb et
al. [31] report two children with NF1 who had poor wound heal-
ing following pial synangiosis. Cell studies from Arima et al. [32]
revealed that cells from NF1-associated neurofibromas have an
abnormal upregulation of transcription factors involved with
epithelial-to-mesenchymal transition, which shows a potential
etiology of this abnormal healing. NF1 also appears to impact
bone healing, as about 50-80% of individuals with pseudoar-
throsis following fracture have NF1 [33]. Five percent of people
with NF1 have pseudoarthrosis, most commonly in their tibia
[33]. In multiple studies, NF1 knockout mice have an increased
likelihood of abnormal bone healing with diminished cartilage
formation, thickened periosteal bone, accumulation of fibrous
tissue [34-36]. Rat models have shown significant down-regula-
tion of NF1 with non-union bone fractures [37].

NF2 has also been shown to be implicated in healing, as it
was found that NF2 mutated cells have defects in migration in
a wound-healing assay [38]. Also, NF2 knockout mice promote
neointima hyperplasia following vascular injury [39]. Regarding
schwannomatosis, liver cells with SMARCB1 loss of function had
reduced cell proliferation and wound healing capacity in vitro
[40].

After our systematic review of the current literature, we be-
lieve that this report is the first to identify bowel healing impli-
cations in patients with NF. This association has the potential
to impact preoperative planning, decision making, and patient
counseling in patients with NF who might have higher risk of
complications in bowel operations. While wound healing de-
rangements are known and reported in multiple studies, fur-
ther work must be done to elucidate the impact of NF on bowel
healing and potential clinical consequences when operations
are considered or required in patients with this condition.

Table 1: Systematic review for published articles on wound healing in NF.

PubMed

Concepts Neurofibromatosis

Complications,

Bowel injury, ulcer, obstruction )
healing, outcomes

Neurofibromatosis [tw] OR
Neurofibromatoses[tw] OR
Schwannomatosis[tw] OR

Entry Terms and Keywords
Title/Abstract =[tiab]
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