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Clinicopathological findings in patients with COVID-19-associated ischaemic enterocolitis

Aims: Coronavirus disease 2019 (COVID-19) has
been recognised as a predominantly respiratory tract
infection, but some patients manifest severe systemic
symptoms/coagulation abnormalities. The aim of this
study was to evaluate the impact of severe COVID-19
infection on the gastrointestinal tract.

Methods and results: We examined clinicopathological
findings in 28 resected ischaemic bowels from 22
patients with severe COVID-19. Most patients required
intubation preoperatively and presented with acute
decompensation shortly before surgery. D-dimer levels
were markedly elevated in all measured cases (mean,
5394 ng/ml). Histologically, 25 cases (19 patients)
showed evidence of acute ischaemia with necrosis. In
this group, the most characteristic finding was the
presence of small vessel fibrin thrombi (24 of 25 cases,
96%), which were numerous in 64% of cases. Patients
with COVID-19 were significantly more likely than a
control cohort of 35 non-COVID-19-associated acute

ischaemic bowels to show isolated small intestine
involvement (32% versus 6%, P < 0.001), small vessel
fibrin thrombi (100% versus 43%, P < 0.001), sub-
mucosal vessels with fibrinous degeneration and
perivascular  neutrophils  (90%  versus = 54%,
P < 0.001), fibrin strands within submucosal vessels
(58% versus 20%, P = 0.007), and histological evi-
dence of pneumatosis (74% versus 34%, P = 0.010).
Three cases in this cohort had histopathological find-
ings normally seen in the setting of chronic ischaemia,
notably prominent fibroblastic proliferation affecting
the outer layer of the muscularis propria.

Conclusions: Herein, we describe the histopathologi-
cal findings in COVID-19-associated ischaemic bowels
and postulate a relationship with the hypercoagulable
state seen in patients with severe COVID-19 infection.
Additional experience with these cases may further
elucidate specific features or mechanisms of COVID-
19-associated ischaemic enterocolitis.
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coronavirus 2 (SARS-CoV-2) and is currently a
worldwide public health crisis, has been recognised as
a predominantly respiratory tract infection. However,
a subset of COVID-19 patients develop severe systemic
disease with manifestations such as acute respiratory
failure, shock, and multiple organ dysfunction, lead-
ing to substantial mortality.' The reported frequencies
of gastrointestinal (GI) symptoms in patients with
COVID-19 range widely, from 1% to 50%, with the
most common symptoms being diarrhoea, nausea/
vomiting, and abdominal pain.?”” The mechanism is
not understood, but the SARS-CoV-2 viral receptor
angiotensin-converting enzyme 2 (ACE2) is expressed
in epithelial cells throughout the GI tract, and viral
RNA has been detected in stool samples from COVID-
19 patients, suggesting that SARS-CoV-2 can infect
the GI tract.> *°8

Patients with severe COVID-19 can also manifest
coagulation abnormalities that have some similarities
with other systemic coagulopathies associated with
severe infections, such as disseminated intravascular
coagulation (DIC) and thrombotic microangiopathy.
Initial studies reported the incidence of thromboem-
bolic complications in COVID-19 patients to be 35—
45%.° The typical findings in COVID-19 patients with
coagulopathy are a mildly prolonged prothrombin
time (PT), mild-to-moderate thrombocytopenia, and
markedly elevated D-dimer levels.'®'* Although this
pattern is suggestive of DIC, it is distinct from the DIC
associated with sepsis, in which the thrombocytope-
nia is more pronounced and the D-dimer level is not
elevated to nearly the dramatically high levels seen
in COVID-19 patients.” In COVID-19 patients, coag-
ulopathy was shown to be a strong predictor of mor-
tality, with 71% of non-survivors meeting the
International Society on Thrombosis and Haemostasis
criteria for DIC, as compared with only 0.4% of sur-
vivors.'? Early series of COVID-19 autopsies in the
USA showed the presence of fibrin thrombi and
CD61+ megakaryocytes/platelet aggregates within
small-to-medium-sized vessels of the pulmonary par-
enchyma and multiple other organ systems. > !”

The impact of COVID-19-associated coagulopathy
on the GI tract has not yet been investigated in
detail. At our institution, a large academic tertiary-
care-level centre, abdominal imaging was performed
in 33% of inpatients with COVID-19: 31% of com-
puted tomography (CT) scans showed bowel wall
abnormalities, and 20% of CTs in intensive care unit
patients showed signs of ischaemia.'® In addition, an
analysis of 141 critically ill COVID-19 patients over a
1-month period at our institution showed that 74%
of these patients had at least one GI complication
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during their admission; of those, 5% of cases devel-
oped bowel ischaemia that necessitated surgical inter-
vention.'® Herein, we present the clinicopathological
findings in this cohort of COVID-19 patients with
resected segments of ischaemic bowel, and discuss the
pathological findings in the context of our under-
standing of COVID-19 coagulopathy and other
histopathological considerations in the differential
diagnosis.

Materials and methods
STUDY POPULATION

The study was approved by the Massachusetts Gen-
eral Hospital Institutional Review Board. Twenty-
eight ischaemic bowel resection specimens from 22
COVID-19 patients were identified from March 2020
to March 2021. Demographic information, clinical
and radiological data and intraoperative and postop-
erative follow-up findings were collected from patient
records. In order to determine whether the changes
in the COVID-19 bowels were simply a reflection of
ischaemic bowel in general, a group of control ischae-
mic bowel resection specimens from patients without
COVID-19 was compiled by searching the surgical
files for ischaemic bowel resections in the surgical
pathology archives from 2017 to June 2019. Of the
initial cases identified, those secondary to venous out-
flow obstruction (volvulus, closed loop obstruction,
etc.) or that were markedly haemorrhagic (precluding
evaluation of specific small vessel pathological fea-
tures) were excluded, resulting in a final control
cohort of 35 cases.

PATHOLOGY EXAMINATION

All slides from each COVID-19 case were reviewed
and evaluated semiquantitatively by two to three
pathologists (M.L.Z. and/or F.]. and J.M.) for numer-
ous histopathological features, including: distribution,
type and depth of necrosis; the presence, distribution
and quantity of small vessel fibrin thrombi; small ves-
sel changes; large-vessel changes; the presence of
pneumatosis; histological changes in the muscularis
propria; and evidence of pre-existing vascular disease.
Histological evidence of pneumatosis included large
empty spaces in the submucosa not lined by endothe-
lium, often in areas of marked oedema of the sur-
rounding tissue. ‘Few vessels’ was defined as vessels
present only focally (e.g. one to two high-power
fields) on a single section or on up to a few histologi-
cal sections. ‘Numerous vessels' was defined as
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readily identified vessels, present in many fields on a
single section and/or throughout many sections. Con-
trol cases were reviewed and evaluated for the same
histopathological features as above. Any discrepancies
were adjudicated by discussion at a multiheaded
microscope.

IMMUNOHISTOCHEMISTRY AND IN-SITU
HYBRIDISATION (ISH)

Immunohistochemistry was performed with an auto-
mated stainer (Bond-III; Leica Microsystems, Ban-
nockburn, IL, USA) with SARS Nucleocapsid Protein
Antibody [clone NB100-56576 (1:300); Novus Bio-
logicals, Littleton, CO, USA], in accordance with the
manufacturer’s recommendations.

RNA ISH was performed on formalin-fixed paraffin-
embedded (FFPE) sections with two methods. Chro-
mogenic RNA ISH was performed with the SARS-
CoV-2 RNA-specific probe RNAscope 2.5 LS Probe-V-
nCoV2019-S [Advanced Cell Diagnostics (ACD), New-
ark, CA, USA; 848568] and RNAscope 2.5 LS
Reagent Kit-RED (ACD; 322150) on an automated
BondRx platform (Leica Biosystems, Danvers, MA,
USA).?° The probe is specific for the S gene encoding
the spike protein. ISH was performed on 5-pum-thick
FFPE sections. All of the steps from baking for 1 h at
60°C to counterstaining with haematoxylin were per-
formed on the BondRx machine. RNA unmarking
was performed with Bond Epitope Retrieval Solution
2 for 15 min at 95°C, and this was followed by pro-
tease treatment for 15 min and probe hybridisation
for 2 h. Signals were amplified by a series of signal
amplification steps, and this was followed by colour
development in red with Bond Polymer Refine Red
Detection (Leica Biosystems). The reactivity was visu-
alised as red dots. All of the samples, including nega-
tive controls, showed uniform and robust staining,
confirming well-preserved RNA.

The second method was a single-molecule flores-
cence ISH (smFISH) approach. In the smFISH experi-
ments, the RNAscope Multiplex Fluorescent Reagent
Kit v2 (ACD) was applied with the following incuba-
tion time modifications: protease incubation for
30 min and manual target retrieval for 25 min. The
utilised hybridisation probes were the SARS-CoV-2-
specific probe RNAscope probe V-nCoV2019-S (ACD;
848561) and Hs-ACE2 (ACD; 848151). The probe is
specific for the S gene encoding the spike protein.
Slides were counterstained with 4/,6-diamidino-2-
phenylindole, mounted, and imaged by the use of
confocal microscopy. The SARS-CoV-2 RNA sense (+)
probe was validated by evaluating human lung

samples that were known to be infected with SARS-
CoV-2. Expression of SARS-CoV-2 RNA was clearly
visible in lung macrophages and in pneumocytes.

STATISTICAL ANALYSIS

Fisher exact tests were used to compare categorical
variables, and two-sided t-tests were used to compare
continuous variables. P-values of <0.05 were consid-
ered to be statistically significant.

Results

CLINICAL FEATURES OF THE COVID-19 COHORT
WITH BOWEL ISCHAEMIA

The 22 patients who constituted the study cohort
had a mean age of 57 years (range, 32-78 years),
and 14 (64%) were male (Table 1). Seventeen
patients (77%) had pre-existing medical conditions
related to metabolic syndrome. Four patients (18%)
had a history of prior thrombosis: one patient had a
history of deep vein thrombosis (DVT)/pulmonary
embolism with an inferior vena cava filter in place;
the second had a history of DVT and antineutrophil
cytoplasmic autoantibody vasculitis; the third had a
history of splenic vein thrombosis while receiving
warfarin; and the fourth had a history of thrombotic
thrombocytopenic purpura (TTP).

Although the number of days between a positive
COVID-19 test result and emergent operation for
ischaemic bowel ranged widely, from 6 to 89 days
(mean, 20 days), almost all patients presented to the
emergency room with worsening shortness of breath
and significant hypoxaemia requiring oxygen support
upon admission. Most patients were intubated prior
to surgery (20/22, 91%), and another two patients
went from the emergency room directly to the operat-
ing room for suspected bowel ischaemia, where they
were subsequently intubated. All but two patients
were treated with prophylactic antibiotics; half
received remdesivir, and eight patients (36%) received
dexamethasone. The majority of patients were given
prophylactic anticoagulation (enoxaparin) during
their preoperative inpatient stay, and therapeutic hep-
arin was given preoperatively to four patients because
of a rapidly increasing D-dimer level (n = 2), arterial
line clotting (n= 1), and pulmonary embolism
(n=1).

In terms of pertinent preoperative laboratory val-
ues, the mean peak white blood cell (WBC) count
within 24 h prior to surgery was elevated, at
18.3 x 10%/1 (range, 5.5-38.5 x 10°/1), with 12
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Table 1. Clinical features of 22 coronavirus disease 2019 (COVID-19) patients with ischaemic enterocolitis
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Features Values Normal ranges
Clinical characteristics
Age (years), mean (range) 57 (32-78) -
Sex, 1 (%)
Male 14 (64) -
Female 8 (36) -
Body mass index (kg/m?), mean (range) 33 (21-61) -
Pre-existing medical conditions, 7 (%)
Hypertension, type 2 diabetes, and/or obesity 17 (77) -
Thrombosis 4 (18) -
History of malignancy 4 (18) -
Coronary artery disease 3 (14) -
Thrombotic thrombocytopenic purpura 1(5) -
No pre-existing medical condition 2(9) -
Preoperative clinical parameters
Time since positive COVID-19 test (days), mean (range) 20 (6-89) -
Intubation prior to abdominal surgery, 17 (%) 20 (91) -
Duration of intubation (days), mean (range) (7 = 19) 12 (0-25) -
Preceding clinical course
Worsening 14 (64) _
Stable 4 (18) -
Improving 4 (18) —
COVID-19 treatments, 77 (%)
Antibiotics 20 (91) -
Remdesivir 11 (50) -
Dexamethasone 8 (36) -
Tocilizumab 3(14) -
Hydroxychloroquine 2(9) -
Convalescent plasma 1 (5) -
Anticoagulation, 77 (%)
Prophylactic 14 (64) -
Therapeutic 4 (18) -
None 4 (18) -
Radiological modalities, 77 (%)
Abdominal computed tomography 13 (59) -

© 2021 John Wiley & Sons Ltd, Histopathology, 79, 1004-1017.
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Table 1. (Continued)

Features Values Normal ranges
Abdominal X-ray 10 (46) -
Right upper quadrant ultrasound 4 (18) -
Radiological findings, 77 (%)

Intestinal pneumatosis 14 (64) -
Dilated/distended bowel 13 (59) -
Ischaemic changes 12 (55) -
Portal venous gas 8 (36) -
Abdominal free air 3 (14)

Preoperative laboratory values, mean (range)

White blood cells (10°/1)

18.3 (5.5-38.5) 45-11.0

Platelets (10°/1)

280 (21-568) 150-400

Activated partial thromboplastin time (s)

40.1 (27.5-85.3) 22-36 (70-100 with heparin)

Prothrombin time (s) 16.0 (13.4-22.6) 11.5-14.5
D-dimer (ng/ml) (n = 21) 5394 (973-22 022) <500
Fibrinogen (mg/dl) (n = 20) 571 (221-1096) 150-400

Patient outcome, 7 (%)

Discharged in stable condition 11 (50) -
Died during hospitalisation 9 (41) -
Remains hospitalised postoperatively 2(9) -

patients (55%) showing a >50% increase in the WBC
count during the preceding 24 h. Coagulation studies
showed mildly elevated partial thromboplastin times,
PTs, and fibrinogen levels; however, D-dimer levels
were markedly elevated, with a mean of 5394 ng/ml
(upper limit of normal: 500 ng/ml).

Clinical factors that raised suspicion for bowel
ischaemia and led to emergent surgery included a
worsening clinical course (i.e. increased vasopressor
requirement, and abdominal distention) and abdomi-
nal radiology showing distended bowel segments,
intestinal pneumatosis, ischaemic changes, portal
venous gas, and/or abdominal free air concerning for
perforation. Three patients presented with clinical/ra-
diological features of intestinal pseudo-obstruction,
including one patient with marked dilatation of the
ascending and transverse colon with a transition
point at the splenic flexure. Mesenteric thrombosis
was not identified on imaging studies. On follow-up,
11 patients (50%) were discharged in a stable

condition, and nine patients (41%) died during hospi-
talisation owing to postoperative complications and/
or worsening respiratory failure.

GROSS FINDINGS OF COVID-19-ASSOCIATED
ISCHAEMIC BOWELS

A total of 28 resection specimens from 22 patients
were examined. Four patients had two specimens
each from separate operations, and one patient had
three sequential specimens from operations on subse-
quent days. Resected bowel segments included 15
cases (54%) of the small intestine and colon (12 cases
designated as the terminal ileum), nine cases (32%)
of the small intestine only (three cases designated as
the terminal ileum), and four cases (14%) of the large
intestine only (Table 2). The most common external
finding was serosal discolouration (25 cases, 89%),
and approximately one-third of specimens showed a
curious tan—yellow discolouration that was noted

© 2021 John Wiley & Sons Ltd, Histopathology, 79, 1004-1017.



Table 2. Intraoperative and gross pathology findings of 28
specimens from 22 patients with coronavirus disease 2019
(COVID-19)-associated ischaemic enterocolitis

Findings n (%)
Specimen type (N = 28)
Small intestine only 9 (32)
Small intestine and colon 15 (54)
Colon/rectum only 4 (14)
External findings
Significant dilatation 9 (32)
Perforation 3011
Pneumatosis 4 (14)
Serosal adhesions 9 (32)
Serosal exudate 8 (29)
Serosal discolouration 25 (89)
Dusky red/grey-brown 17 (61)
Tan-yellow 9 (32)
Grey—green 3(11)
Internal findings
Mucosal exudate 6 (21)
Mucosal discolouration 26 (93)
Dusky red—purple/black 13 (46)
Tan-yellow/green 12 (46)
Grey—brown 2 (7)

intraoperatively (Figure 1). In some of those cases,
the surgeon noted a pattern of discontinuous dis-
colouration involving the antimesenteric border of
the bowel. In addition, nine (32%) specimens showed
significant bowel dilatation, four (14%) had palpable
pneumatosis, and three (11%) had a grossly identified
perforation. Upon opening of the bowel, 26 specimens
(93%) showed mucosal discolouration and six (21%)
had a visible mucosal exudate.

HISTOPATHOLOGICAL FINDINGS OF COVID-19-
ASSOCIATED ISCHAEMIC BOWELS

Histologically, 25 cases (19 patients) showed evidence of
acute ischaemia. In this group, the pattern of mucosal
necrosis varied from coagulative to haemorrhagic to
purulent (including a pseudomembranous pattern), with

© 2021 John Wiley & Sons Ltd, Histopathology, 79, 1004-1017.
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Figure 1. Gross appearance of coronavirus disease 2019-associated
ischaemic bowel. A, Small intestine showing extensive full-
thickness and antimesenteric necrosis with patchy yellow dis-
colouration (arrows). B, Small intestine showing a well-demarcated
area of antimesenteric necrosis with yellowish discolouration.

most cases showing all three patterns. In a little over half
of cases, the necrosis extended to involve the muscularis
propria, either partially or transmurally (Table 3). Thir-
teen cases (52%) showed patchy/multifocal mucosal
necrosis, often with sharply demarcated alternating
necrotic and viable areas juxtaposed on the same slide
(Figure 2A). Histological evidence suggestive of pneu-
matosis was seen in 15 cases (60%) (Figure 2B). The
most characteristic histopathological finding was the
presence of small vessel fibrin thrombi in 24 of 25 cases
(96%), which were numerous in 64% of cases (Fig-
ure 3A,B). These fibrin thrombi were found in the sub-
mucosa (23 cases, 92%) and mucosa (19 cases, 76%),
and were almost always in areas beneath necrotic
mucosa. Phosphotungstic acid haematoxylin staining
was performed in 12 cases, and highlighted fibrin
thrombi in all of those cases (Figure 3C). In addition, in
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Table 3. Histological findings of 25 specimens from 19
patients with acute coronavirus disease 2019 (COVID-19)-
associated ischaemic enterocolitis

Histological features (V = 25) n (%)
Depth of necrosis

Mucosa/submucosa 11 (44)

Mural/transmural 14 (56)
Distribution of necrosis

Focal 14

Multifocal/patchy 13 (52)

Diffuse 11 (44)
Histological evidence of pneumatosis

Not present 10 (40)

Present 15 (60)
Quantity of small vessel fibrin thrombi

None 1(4)

Rare/few 8 (32)

Numerous 16 (64)
Location of fibrin thrombi

Mucosa 19 (76)

Submucosa 23 (92)

Muscularis propria 2(8)

Subserosa 1(4)

Small vessel fibrinous degeneration with perivascular neutrophils

None 2(8)

Few vessels 12 (48)

Numerous vessels 11 (44)
Fibrin strands in submucosal vessels

None 11 (44)

Few vessels 12 (48)

Numerous vessels 2(8)

23 (92%) cases, the submucosal small vessels in the
markedly oedematous areas beneath necrotic mucosa
showed fibrinous degeneration of the wall, with
perivascular neutrophils, reminiscent of leukocytoclas-
tic vasculitis (Figure 4A,B). In one case, the ischae-
mic changes were accompanied by unusual
hyalinisation of the submucosal vessels (Figure 4C); a

Congo red stain was negative. In 14 (56%) cases,
medium-sized arteries in the submucosa showed fibrin
strands within the vessel lumen, in serum or admixed
with red blood cells (Figure 5). No well-formed fibrin
thrombi or thromboemboli were seen within mesen-
teric vessels.

Three of the 28 cases (11%) showed features of
acute and chronic ischaemia, including the case of
pseudo-obstruction with dilatation of the ascending
and transverse colon. These patients presented in an
acute manner and had clinical courses similar to
those of the rest of the cohort; none had known pre-
disposing risk factors for chronic bowel ischaemia.
The acute features were either mild or focal, ranging
from submucosal oedema to focal ulceration. How-
ever, all three cases had varying degrees of fibrosis of
the external layer of the muscularis propria (Fig-
ure 6). The mildest case showed a segment of colon
with submucosal oedema and focal fibrosis of the
external muscularis propria layer (Figure 6A). A sec-
ond case showed submucosal oedema with necrosis
of the external muscularis propria that was focally
replaced by exuberant reactive fibroblasts (Figure 6B).
Finally, the case of pseudo-obstruction showed dilata-
tion of the colon with ulceration at the ileocaecal
valve, with areas of dense fibrous replacement of the
external layer and, focally, both layers of the muscu-
laris propria (Figure 6C,D). Where the fibrosis was
most developed, myenteric ganglion cells were
reduced in number. No small vessel fibrin thrombi
were seen in these three cases.

SARS-COV-2 IMMUNOHISTOCHEMISTRY AND ISH
RESULTS

Immunohistochemistry for SARS-CoV-2 was per-
formed in two cases and gave negative results in both
cases. Chromogenic ISH for SARS-CoV-2 was per-
formed on 5-um-thick FFPE sections in seven cases
and gave negative results in all cases. In two of these
seven cases, ISH for SARS-CoV-2 was also performed
with the smFISH approach. Whereas histological
evaluation of the bowel samples revealed high levels
of ACE2 expression as determined with smFISH,
SARS-CoV-2 RNA could not be detected in either
sample (Figure 7).

COMPARISON OF COVID-19-ASSOCIATED WITH
CONTROL ISCHAEMIC BOWEL CASES

The control cohort had a mean age of 65 years
(range, 28-92 years), which was significantly higher
than that of the COVID-19 cohort (P = 0.032). There
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Figure 2. A, A segment of
colon with a discrete, punctate
area of necrosis (bracket)
adjacent to viable mucosa
[haematoxylin and eosin
(H&E)]. B, Markedly
oedematous submucosa with
numerous large empty spaces,
consistent with pneumatosis
intestinalis (H&E).

was no significant different in sex between the
COVID-19 cohort and the control cohort, in which
24 (69%) patients were male (P = 0.772). Resected
bowel segments included 18 cases (51%) of the small
intestine and colon (five cases designated as the ter-
minal ileum and right colon), 15 cases (43%) of the
large intestine only (four cases each designated as the
right colon and left colon/rectum, respectively), and
two cases (6%) of the small intestine only. The
anatomical distribution of specimens differed signifi-
cantly between the COVID-19 cohort and the control
cohort (P < 0.001), with the COVID-19 cohort
including a greater proportion of small-intestine-only
resections (32% versus 6%) and a smaller proportion
of colon-only resections (14% versus 43%) (Table 4).

Patients with COVID-19-associated ischaemic bowels
were significantly more likely to show small vessel fibrin
thrombi (100% versus 43%, P < 0.001), submucosal
vessels with fibrinous degeneration and perivascular
neutrophils (90% versus 54%, P < 0.001), fibrin
strands within submucosal vessels (58% versus 20%,
P = 0.007), and histological evidence of pneumatosis
(74% versus 34%, P = 0.010). Notably, 14 of 19
patients (74%) had specimens showing numerous fibrin
thrombi, as compared with 14% of control cases
(P < 0.001). Other histopathological findings, including
pattern of necrosis, depth of necrosis, distribution of
necrosis, and location of fibrin thrombi, when present,
did not differ significantly between the two groups.

Discussion

In this cohort of critically ill COVID-19 patients who
developed bowel ischaemia, we found the following
constellation of histological findings that charac-
terised these cases: submucosal and mucosal small
vessel fibrin thrombi, fibrinous degeneration of sub-
mucosal vessels with perivascular neutrophils, fibrin
strands in the lumen of submucosal medium-sized
arteries, and histological evidence of pneumatosis.

© 2021 John Wiley & Sons Ltd, Histopathology, 79, 1004-1017.
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Otherwise, the histological findings resembled those of
the usual ischaemic bowel, with serosal and mucosal
discolouration and bowel dilatation. The depth of
necrosis and its distribution did not differ significantly
from those of ischaemic bowel resulting from other
causes. Three cases had a pattern of evolving fibrosis
of the outer layer of the muscularis propria, including
focal necrosis and fibrosis, to exuberant fibroblastic
reaction, and ultimately to marked fibrosis of the
entire wall, with reduced numbers of myenteric gan-
glion cells. Immunohistochemistry and ISH for
COVID-19 gave negative results in all cases in which
these studies were performed.

Classically, ischaemic bowel disease is most com-
monly seen in older patients with associated cardiac
or vascular disease. Other common precipitating
causes include drugs (e.g. medical vasoconstrictors
and illicit cocaine), infection (e.g. cytomegalovirus
and Escherichia coli 0157:H7), hypercoagulable states,
oral contraceptive use, shock, and systemic vasculi-
tides, among other aetiologies.?’ In the literature,
rare and mild cases of COVID-19-associated GI injury
have primarily been reported. Ischaemic GI complica-
tions have been reported in only one case report>”
and in one case in a recent larger series,”> and are
uncommon even in our institutional cohort of criti-
cally ill COVID-19 patients (5% of patients). A sys-
tematic review summarising  histopathological
findings in COVID-19 patients described the following
intestinal changes but no ischaemia: stenosis and seg-
mental dilatation, lymphoplasmacytic infiltration, and
lamina propria oedema.’* Carvalho et al. reported
one case of SARS-CoV-2 infection causing haemor-
rhagic colitis; however, endoscopic evaluation
revealed focal erythema without ulceration in the
descending colon, sigmoid colon, and rectum, and
histologically unremarkable biopsies without evidence
of infectious colitis, ischaemic colitis, or inflammatory
bowel disease.* Xiao et al. investigated COVID-19
patients with SARS-CoV-2 RNA detected in the stool
and found no significant mucosal damage to the
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Figure 3. A, A segment of small intestine with numerous submu-
cosal small vessel fibrin thrombi (asterisks) beneath an area of
necrotic mucosa [haematoxylin and eosin (H&E)]. B, A higher-
power view of two well-formed submucosal fibrin thrombi (arrows)
(H&E). C, Phosphotungstic acid haematoxylin staining highlights
fibrin thrombi in small vessels (arrows). [Colour figure can be
viewed at wileyonlinelibrary.com]

oesophagus, stomach, duodenum, and rectum.?® A
large series of autopsies performed on 67 COVID-19-
positive patients in New York City evaluated the GI

Figure 4. A,B, Submucosal small vessels with fibrinous degenera-
tion of the vessel wall and perivascular neutrophils (arrows)
[haematoxylin and eosin (H&E)]. C, Submucosal vessels with
perivascular hyalinisation in one case of coronavirus disease 2019-
associated ischaemic enterocolitis (asterisks) (H&E). [Colour figure
can be viewed at wileyonlinelibrary.com]

tract in 20 patients, 11 of which had GI symptoms.'”
Histological examination of the oesophagus (four
cases), stomach (11 cases), small intestine (16 cases)

© 2021 John Wiley & Sons Ltd, Histopathology, 79, 1004-1017.
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Figure 5. A, Fibrin strands
within medium-sized
submucosal arteries
(haematoxylin and eosin). B,
Phosphotungstic acid
haematoxylin highlights the
fibrin strands in submucosal
arteries. [Colour figure can be
viewed at wileyonlinelibrary.
com]
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Figure 6. Varying degrees of fibrosis of the muscularis propria in coronavirus disease 2019-associated ischaemic enterocolitis. A, Focal fibro-
sis of the external muscularis propria (bracket) [haematoxylin and eosin (H&E)]. B, Replacement of the external muscularis propria by an
exuberant fibroblastic reaction (bracket) (H&E). C, The muscularis propria is replaced by dense fibrosis. D, A trichrome stain highlights the
replacement of the external layer of the muscular wall by dense fibrosis, with residual bundles of smooth muscle in the internal layer of the
muscularis propria (arrows). [Colour figure can be viewed at wileyonlinelibrary.com]

and colon (17 cases) revealed no histological abnor-
malities.

More recently, Westerhoff et al. reported histologi-
cal findings of GI specimens from 25 COVID-19
patients, one of which was an ischaemic colon resec-
tion.?> Similarly to the patients in our study, this
patient presented with a markedly elevated D-dimer
level. Grossly, no yellow serosal discolouration was
described, but a sharp demarcation between the
necrotic portion and background viable tissue was
noted. Microscopically, the specimen showed findings
consistent with those that we identified in this larger
cohort—including diffuse mucosal haemorrhagic
necrosis, areas resembling pseudomembranous colitis,
and submucosal vein thrombi—although no further
details regarding the distribution or frequency of
small vessel thrombi were provided. ISH and next-

© 2021 John Wiley & Sons Ltd, Histopathology, 79, 1004-1017.

generation sequencing for SARS-CoV-2 also gave neg-
ative results in this case.

In our cohort of patients with severe COVID-19
infection, the gross and microscopic appearances of
the ischaemic segment were distinct in some ways
from the typical picture of ischaemic enterocolitis.
Intraoperatively, the ischaemic/necrotic bowel usually
has a dark purple-black discolouration; however,
approximately one-third of the cases in our cohort
showed yellow discolouration of the necrotic seg-
ments, with patchy discrete foci of necrosis along the
antimesenteric side of the bowel and clear demarca-
tion from adjacent viable areas.!®?® The significance
of this yellow discolouration is unclear, as the more
recent cases in our cohort showed discolouration
more typical of ischaemic bowels, and we did not
identify a histological correlate.
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SARS-CoV-2+ Lung

Patient 1

Patient 2

Ace2 RNA DAPI

Figure 7. Absence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) viral RNA in coronavirus disease 2019 (COVID-19)-
associated ischaemic bowels. SARS-CoV-2 and angiotensin-converting enzyme 2 (ACE2) single-molecule florescence in-situ hybridisation
(smFISH) was performed on lung and ischaemic bowel samples. Top: SARS-CoV-2-positive control smFISH of a human lung sample shows
viral RNA localisation to lung macrophages and pneumocytes. Middle and bottom: SARS-CoV-2 and ACE2 RNA in-situ hybridisation of
ischaemic bowel cases from two different patients who tested positive for SARS-CoV-2. Arrows highlight regions of SARS-CoV-2 viral RNA
positivity. Dotted lines outline positive ACE2 RNA signals in ischaemic bowel samples. [Colour figure can be viewed at wileyonlinelibrary.

com]

The typical histopathological features of acute
bowel ischaemia include segmental/patchy mucosal
and mural/transmural necrosis, degeneration and
sloughing of the surface epithelium and superficial
glands/crypts (which are most vulnerable to ischae-
mic injury), haemorrhage and/or hyalinisation of the
lamina propria, congestion of mucosal capillaries and
submucosal veins (which may contain thrombi),
thickening of the bowel wall due to submucosal oedema,
and serositis with fibrinopurulent exudates. Occasion-
ally, bacterial superinfection may induce pseudomem-
brane formation resembling Clostridium difficile colitis or
lead to the formation of gas within the bowel wall (i.e.
pneumatosis intestinalis). In these COVID-19-associated

ischaemic bowels, some combination of the above fea-
tures was seen. Although we considered that the small
vessel disease in COVID-19 cases would lead to less fre-
quent transmural necrosis, we did not find that the dis-
tribution and depth of necrosis differed significantly
between COVID-19-associated and control ischaemic
bowels. We also hypothesised that the discrete areas of
necrosis and foci of antimesenteric necrosis would be
more frequent in these bowels than in controls; however,
we were unable to establish significance for these vari-
ables, a reflection of the general practice of prosectors to
sample areas of ischaemic bowel without reference to
precise anatomical location. However, other small vessel
pathologies were observed in COVID-19-associated

© 2021 John Wiley & Sons Ltd, Histopathology, 79, 1004-1017.
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Table 4. Comparison of key histological features of coron-
avirus disease 2019 (COVID-19) patients with those of
control cases with acute ischaemic enterocolitis

COVID-19 Control
patients cases
N=19), n (N=35),n P-
Histological features (%) (%) value
Depth of necrosis 0.155
Mucosa/submucosa 6 (32) 19 (54)
Mural/transmural 13 (68) 16 (46)
Distribution of necrosis 1.000
Focal/multifocal 8 (42) 16 (46)
Diffuse 11 (58) 19 (54)
Histological evidence of 0.010
pneumatosis
Absent 5 (26) 23 (66)
Present 14 (74) 12 (34)
Small vessel fibrin thrombi <0.001
Absent 0 (0) 20 (57)
Few 5 (26) 10 (29)
Numerous 14 (74) 5 (14)
Small vessel fibrinous <0.001
degeneration with
perivascular neutrophils
Absent 2(11) 16 (46)
Few vessels 7 (37) 16 (46)
Numerous vessels 10 (53) 3 (9)
Fibrin strands in 0.007
submucosal vessels
Absent 8 (42) 28 (80)
Few vessels 9 (47) 7 (20)
Numerous vessels 2 (11) 0 (0)

ischaemic bowels, including the presence of frequent
small vessel fibrin thrombi, fibrinous degeneration of
submucosal vessels with perivascular neutrophils, and
fibrin strands in the lumens of submucosal vessels. We
also frequently noted histological pneumatosis intesti-
nalis. No well-formed fibrin thrombi were identified in
large vessels and, notably, the mesenteric vasculature
was patent intraoperatively.

The presence of fibrin thrombi in ischaemic seg-
ments of the intestine was once described as the
pathological hallmark of DIC, but has since been

© 2021 John Wiley & Sons Ltd, Histopathology, 79, 1004-1017.
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found to be a non-specific feature of necrosis.’” In
fact, they have also been seen in patients with occlu-
sive and non-occlusive ischaemic bowel disease,
E. coli 0157:H7-associated haemorrhagic colitis, C.
difficile pseudomembranous colitis, amoebic colitis,
staphylococcal enteritis, inflammatory bowel disease,
acute appendicitis, and cocaine use.”?’ > TTP has
also been reported to present with intestinal ischae-
mia characterised by numerous fibrin thrombi in the
microvasculature of the intestines.! In a series of 11
E. coli O157:H7-associated colitis cases, Griffin et al.
found that seven cases had small fibrin/platelet
thrombi within mucosal capillaries, whereas submu-
cosal and mesenteric vessels were unremarkable.?’
They concluded that the combination of ischaemic
(focal necrosis and haemorrhage) and infectious (neu-
trophilic cryptitis) patterns of injury, especially in
conjunction with capillary microthrombi and a clini-
cal presentation of bloody diarrhoea, was suggestive
of E. coli O157:H7-associated colitis. Thus, the pres-
ence of fibrin thrombi may not be specific for DIC,
and may occur as a result of, rather than as a cause
of, bowel ischaemia.

In practice, when pathologists encounter fibrin
thrombi in segments of ischaemic bowel, they often
have difficulty in determining their relevance, as it is
unclear whether they constitute the cause of ischae-
mia or merely a reflection of stasis in the ischaemic
and necrotic segment. In fact, in most cases, they are
considered to constitute merely a reflection of stasis
in these vessels, rather than a sign of hypercoagula-
bility. In this regard, the presence of fibrin thrombi
outside the areas of necrosis is frequently viewed as
more significant for determining causality than the
presence of fibrin thrombi immediately in areas of
mucosal necrosis. However, in our cases, nearly all of
the thrombi were within areas of necrosis, making it
difficult to determine whether they were contributing
to the ischaemia, particularly in the initial cases
before we had gained some experience with these
cases; however, as we gained experience, we noted
that the frequency and number of fibrin thrombi in
these cases suggested that they were relevant beyond
the effects of stasis. We found that patients with
COVID-19-associated ischaemic bowels were signifi-
cantly more likely to have fibrin thrombi than the
control cases (100% of the COVID-19 group versus
43% of the control group), and more cases had
numerous fibrin thrombi (74% of the COVID-19
group versus 14% of the control group). This finding
is consistent with ischaemic bowel resulting from a
hypercoagulable state in COVID-19 patients. Given
the inability to find virus by the use of several
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methods, the thrombi are unlikely to constitute a
direct viral effect on small vessels. The significance of
the small vessel degeneration with neutrophils is
uncertain, as we did not see convincing vasculitis
outside areas of necrosis. The fibrin strands within
arteries may be a reflection of coagulation within the
vasculature, but additional studies are needed.

The mechanism of small vessel ischaemia in
patients with severe COVID-19 infection may be due
to DIC (given the markedly elevated D-dimer levels)
and/or secondary to the systemic hypercoagulable
state that has been reported in these patients.>? Fur-
thermore, these patients receive intensive treatment
(in sometimes novel combinations) and are often
intubated/mechanically ventilated for a long period of
time prior to surgery (mean, 12 days; range, O-
25 days), which inherently predisposes patients to
bowel ischaemia. The increased frequency with which
we found pneumatosis intestinalis may be a reflection
of ventilation, although it may be due to factors
related to the small vessel thrombosis. It is worth not-
ing that no significant gross or microscopic differ-
ences (including frequency of fibrin thrombi) were
identified between the following subgroups and the
rest of the cohort: the four patients with a history of
thrombosis, the four patients who did not receive pro-
phylactic or therapeutic anticoagulation, and the 11
patients who survived to discharge (versus the nine
patients who died during hospitalisation). Direct
involvement by the virus was not demonstrated by
immunohistochemistry or ISH, suggesting that the
bowel ischaemia is related to the hypercoagulable
state and aggressive treatment of these patients,
rather than being a viral pathogenic effect.

Three patients in this cohort had wunusual
histopathological findings that are normally attributed
to chronic ischaemia. These patients were not known
to have a predisposing vascular condition, and, other
than one patient who presented with colonic pseudo-
obstruction, they presented with a clinical course simi-
lar to that of the other patients in this cohort (includ-
ing a similar time from initial symptom onset to acute
clinical decompensation followed by emergent sur-
gery). It is unclear why these cases appear to be histo-
logically distinct from the rest of the cohort and
whether the ischaemic process arose via a different
mechanism, but the similarity of findings among these
three cases suggests a common pathogenesis for this
second pattern. Whether patients who survive COVID-
19 will be predisposed to chronic ischaemia or pseudo-
obstruction remains to be seen.

In conclusion, we describe the histological findings
in COVID-19-associated ischaemic bowels. We note

that this disorder is characterised by frequent associa-
tion with submucosal and mucosal small vessel fibrin
thrombi, degenerated submucosal vessels with
perivascular neutrophils, fibrin strands in the submu-
cosal vessels, and pneumatosis intestinalis. A second
rare pattern of injury involves the outer layer of the
muscularis propria, which can be necrotic or replaced
by a fibroblastic proliferation. We were unable to find
virus by the use of either immunohistochemistry or
ISH in these cases, suggesting that the pattern of
ischaemia is related to the hypercoagulable state
induced by the virus rather than being a direct effect
of the virus itself.
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