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Abstract

Background: Peripheral gangrene is rarely documented as a possible complication of Kawasaki disease (KD). There
are many causes of peripheral gangrene, and the common cause is in situ thrombosis or embolism. Most cases are
reported to have regrettable outcomes (amputation or necrotic shedding). Herein, we report the successful manage-
ment of KD complicated by peripheral artery thrombosis in an older Chinese boy, and a review of all cases of periph-

eral gangrene in KD in the literature.

poor.

prostaglandins can be used for treatment.

embolism, Peripheral gangrene

Case presentation: \We found that most of the children with this complication were under 1year old, had a heavy
inflammatory response combined with the use of cortisol and immunoglobulin, and most children had coronary
artery lesions. In addition, Peripheral gangrene mainly occurred in the subacute or chronic stage, and the prognosis is

Conclusions: In the presence of high risk factors, we consider it is necessary to monitor coagulation function and
administer prophylactic anticoagulation therapy. When peripheral artery thrombosis or embolism occur, heparin and
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Background

Kawasaki disease (KD) is an acute systemic vasculitis of
unknown origin that predominantly affects children aged
6months to 5years. In addition to the classic clinical
features, KD can also affect multiple organs and tissues.
The involvement of the pulmonary, gastrointestinal, neu-
rological, and urinary systems has been well recognized
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and reported in patients with KD. In addition, aneurysms
with or without extracardiac muscular arteries, including
the brachial, common iliac, internal iliac, abdominal aor-
tic, subclavian, and femoral arteries, have been recently
uncovered in KD patients [1, 2].

However, peripheral gangrene has rarely been docu-
mented as a possible complication of KD. To the best of
our knowledge, 25 cases have been reported in the lit-
erature. Almost all of these patients were younger than
1 year, and most were associated with coronary artery
aneurysms. No similar cases have been described in the
Chinese population. Most importantly, because most
cases are reported with regrettable outcomes (amputa-
tion or necrotic shedding), it is of great importance and
clinical significance to gain a better understanding of this
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rare complication in KD. Early identification and timely
treatment of KD complicated by peripheral gangrene can
greatly improve the prognosis and reverse the occurrence
of adverse outcomes; however, little is known about this
disorder in KD.

Herein, the successful management of peripheral artery
thrombosis complicated by KD in an older Chinese boy
was reported, and all cases of peripheral gangrene in KD
in the literature were reviewed, aiming to improve the
awareness and recognition of pediatricians and to share
experiences regarding the management strategies for this
rare complication in KD.

Case presentation

A boy aged 4years and 9months was admitted to a
local hospital with persistent fever for 1 day (June 4,
2021). Two days before the onset of fever, a painful lump
appeared on the right side of his neck. On the second
day of the disease, the child had fever with a tempera-
ture of 39°C, and enlarged lymph nodes 2cm x 2cm in
size, palpable in the right neck. The results of blood cell
examination of the local hospital indicated a significant
increase in leukocytes (leukocytes 19.25 x 1079/L, nor-
mal range 4.03—-11.09 x 10"9/L; 88% neutrophils; 6.5%
lymphocytes), a decrease in hemoglobin (108 g/L, normal
range 108—144g/L), normal platelet count (385 x 10"9/L,
normal range 128-420 x 1079/L), and elevated C-reac-
tive protein (CRP 87mg/L, normal range 0-8mg/L).
The erythrocyte sedimentation rate was accelerated
(ESR 71mm/h, normal range, <25mm/h). Ultrasonog-
raphy of the neck revealed enlargement of lymph nodes
on both sides. The local hospital thought that the fever
was caused by cervical lymphadenitis and gave the child
amoxicillin-clavulanate potassium treatment (dosage and
time of use were unknown). However, the child still had
a persistent high fever, and new symptoms appeared on
the fifth day of the disease. The patient developed a full-
body congestive rash, bilateral bulbar conjunctival injec-
tion without exudate, flushed and chapped lips, swollen
extremities, mild abdominal pain, and vomiting. These
are the typical symptoms of KD. Because the patient had
refractory fever for more than 5days, the anti-infection
treatment effect was poor, and five of the current clini-
cal symptoms met the criteria of Kawasaki disease. Com-
bined with white blood cells, CRP was elevated, and he
was quickly diagnosed with Kawasaki disease. The local
hospital quickly perfected other tests. Laboratory find-
ings showed a significant elevation of liver enzymes (ALT
229U/L, normal range<49U/L; AST 145U/L, normal
range <40U/L), myocardial injury with elevated brain
natriuretic peptide (BNP) of 3050 pg/mL (normal range
0-100pg/mL) and cardiac troponin T (cTnT) of 13.74.pg/
mL (normal range 0-0.06pg/L). Simultaneously, color
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ultrasound of the abdomen showed enlargement of the
liver, CT of the abdomen showed enlargement of the gall-
bladder, and echocardiography showed no coronary dila-
tion. The local hospital adjusted the treatment regimen
and administered aspirin (50mg/kg, orally), IVIG (2g/
kg, intravenous drip), and antiemetic and liver-protecting
medicines (specific drugs are not available). However,
the treatment not effective. The vomiting and abdomi-
nal pain subsided, but the child still had a persistent high
fever (after 48h of immunoglobulin administration), and
blood culture was negative. Therefore, the patient was
administered a second dose of immunoglobulin (2g/kg,
intravenous drip).

On the 9th day of the illness (48h after the second dose
of immunoglobulin), the child was transferred to our hos-
pital due to persistent high fever. Physical examination
after admission showed persistent high fever, bilateral cer-
vical lymph node enlargement, bilateral bulbar conjuncti-
val injection without exudate, stiff and swollen extremities,
warm limbs, normal arterial pulsation, and capillary filling
time<2s. Laboratory blood tests indicated an increase in
leukocytes (21.7 x 1079/L, 92.9% neutrophils, 5.2% lym-
phocytes), decreased hemoglobin (81g/L), increased CRP
(194.3mg/L), increased ESR(71 mm/h), and elevated BNP
(1136.25pg/mL). Liver function and myocardial injury
index returned to normal. The electrocardiogram (ECQ)
was normal, and echocardiography suggested normal coro-
nary artery (LCA=2.9mm, Z-score=1.81; LAD=2.1mm,
Z-score=0.76; LCX=19mm, Z-score=0.75;
RCA =2.4mm, Z-score=1.34). The possibility of multisys-
tem inflammatory syndrome in children (MIS-C) [3, 4] was
also excluded since two novel coronavirus nucleic acid tests
outside the hospital and in our hospital were negative.

The boy was immediately administered intravenous meth-
ylprednisolone (20mg/kg/day for 5days) and a third dose
of immunoglobulin (2g/kg). On the 14th day of illness, the
child’s temperature returned to normal. We reexamined the
child’s echocardiography, which indicated left ventricular
enlargement (LV =38 mm; no dilation of left and right coro-
nary arteries, LCA=2.8mm, Z-score=1.55; LAD=2.1mm,
Z-score=0.76; LCX=19mm, Z-score=0.75;
RCA=24mm, Z-score=1.34). The patient seemed to be
doing well, so we gradually cut back on methylprednisolone.
Unfortunately, on day 19 of the disease, the boy developed
pain in his right index finger, cyanosis and desquamation
of the end of the index finger, decreased temperature, and
decreased palpation of the arterial pulse. Laboratory exami-
nation of disseminated intravascular coagulation (DIC)
indicated blood hypercoagulability: decreased fibrinogen,
increased fibrinogen degradation product, and D-dimer (Fg
50mg/dL, normal range, 200-400mg/dL; FDPs 38.10 ug/
mL, normal range <5ug/mL; DDI 12.02mg/L FEU; normal
range<0.55mg/L). Apparently, the patient had an arterial
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thrombosis in his right finger. Because the blood glucose of
the fingertips was measured on the left hand, we ruled out
thrombosis caused by an external puncture injury. At the
same time, we performed a right upper limb artery ultra-
sound examination and echocardiography, and no obvious
embolism or thrombosis was found. By reviewing the rele-
vant literature, we found that 25 patients with KD presented
with complications of peripheral gangrene [5-24], There-
fore we believe that this peripheral thrombosis was related
to KD.

Within 4h of peripheral arterial thrombosis discov-
ery in the child, we successively administered urokinase
(100,000U urokinase was given three times intrave-
nously, 30 min apart), low molecular weight heparin cal-
cium (100 U/kg, intravenously for 5 days) and alprostadil
(0.5ng/kg/min intravenously for 5days) for anticoagu-
lant thrombolytic therapy. In the course of treatment,
we continuously evaluated the blood supply to the right
finger, avoided fingertip blood glucose measurement,
and monitored coagulation function. Fortunately, perfu-
sion of the index finger extremity was gradually restored
on the 23rd day of the disease, the skin color of the
extremity was ruddy, the temperature returned to nor-
mal, and the coagulation function gradually returned to
normal (Fig. 1).

On the 25th day of the disease, the patient was dis-
charged after oral aspirin administration (5mg/kg per
day). After discharge, his regular follow-up echocardiog-
raphy and ECG findings were normal, and the function of
his right finger was restored without sequelae. His condi-
tion was improving positively.
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Discussion

Peripheral arterial thrombosis is rare in patients with KD.
We report the first case of refractory KD complicated
by a peripheral artery thrombosis in a Chinese popula-
tion. By reviewing the literature on 25 cases of KD com-
plicated by peripheral gangrene, we discuss possible
reasons, prevention, and treatment strategies. Based on
our experience and previous information, we hope to
improve peers’ understanding of KD complications and
provide insights on prevention and treatment.

We compiled the clinical data of 25 children with
Kawasaki disease complicated by peripheral gangrene,
and we found some noteworthy phenomena: among the
25 patients (Table 1), the age distribution was mainly
concentrated in infants under 1year old (21 cases, 84%,
range 1 month to 1years, including 11 boys and 10 girls),
and four children were older than 1year (7 years, 4years,
3.5years, and 14 months). The mean time to onset of KD
complicated by peripheral gangrene was 16.1 days (range
5th to 41stdays, 2 data were unavailable). This is differ-
ent from what we thought, which occurs mainly in the
subacute phase. Additionally, in terms of complications,
most patients had coronary artery lesions (5 cases of dil-
atation and 18 cases of coronary aneurysm) and dilata-
tion of other arteries in some cases. In terms of treatment
methods, immunoglobulin use was 21/24 cases (of which
multiple immunoglobulin use was 9/21 cases, some data
were unavailable), most children showed IVIG resistance
(16/21 cases, data were unavailable in some cases), corti-
sol use was 15/24 cases (some data were unavailable), and
immunoglobulin combined with cortisol hormone use

Fig. 1 A Onday 19 of onset, the boy presented with pain in the right index finger, cyanosis and desquamation of the end of the index finger,
decreased local skin temperature, and a diminished arterial pulse on palpation. This alerted us to the complication of KD with peripheral arterial
thrombosis. B On day 23 of onset, perfusion of the index finger limb gradually returned, and the skin of the limb was red in color
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was 15/24 cases (some data were unavailable). In addi-
tion, the current treatment for Kawasaki disease compli-
cated by peripheral gangrene is mainly anticoagulation,
thrombolysis, and vasodilator use; of these patients,
11/21 (some data not available) remained gangrenous
after treatment (eight amputations, three partial amputa-
tions, or detachments) and 13/21 recovered or improved
after treatment (nine with no sequelae, three with partial
recovery, and one with sequelae). Of these, 19/21 used
anticoagulants (including heparin and warfarin; 10/19
improved or recovered after treatment; 9/19 amputation,
partial amputation, or detachment), 6/21 used vasodi-
lators (including nitroglycerin and prostaglandins; 5/6
improved or recovered after treatment; 1/6 amputation,
partial amputation, or detachment), and 3/21 thrombo-
lytic therapy (including t-PA and urokinase; 1/3 improve-
ment or recovery after treatment; 2/3 amputation, partial
amputation, or detachment). Anticoagulation and throm-
bolytic therapy were used together in 2/21 cases (1/2
improvement or recovery after treatment; 1/2 amputa-
tion, partial amputation, or detachment), and anticoagu-
lation and vasodilators were used together in 9/21 cases
(4/9 improvement or recovery after treatment; 5/9 ampu-
tation, partial amputation, or detachment).

A number of mechanisms have been proposed for the
potential mechanisms of peripheral gangrene complicat-
ing Kawasaki disease, although they are not fully under-
stood. First, the inflammatory response is associated
with a hypercoagulable state of the blood. The immune
inflammatory response in children with Kawasaki disease
can lead to the destruction of vascular endothelial cells,
followed by a decrease in platelets and activation of the
coagulation system. This leads to the formation of blood
clots. Most children with KD suffering from peripheral
gangrene have a strong immune inflammatory response,
as evidenced by the development of vascular compli-
cations, young age (<lyear of age), immunoglobulin
resistance phenomena, the need for cortisol hormones
or immunosuppressants, and the presence of coronary
aneurysms or other peripheral arterial damage. How-
ever, this is not absolute, and we also found that children
with Kawasaki disease at older ages and without coronary
artery dilation may also have peripheral gangrene com-
plications (as in the case we reported and in a previous
child with Kawasaki disease at age 7 years without coro-
nary artery dilation), which also reminds us that older
children with Kawasaki disease without coronary artery
dilation, deserve to be examined. In addition, several
previous studies have reported the presence of a hyper-
coagulable blood state in patients with KD in the acute
phase, with D-dimer being associated with CRP [25-32].
The significant elevation of CRP in our patient also sug-
gests a high risk factor. However, this is also somewhat
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controversial, as we found that the mean time to the onset
of KD complicated by peripheral gangrene was 16.1 days
(range 5th—41st days, 2 data were unavailable). Contrary
to our hypothesis, it occurred mainly in the subacute
phase. This may be a continuation of the rapid inflam-
matory response in the acute phase, but it may also be a
delay in the therapeutic window owing to the difficulty of
early recognition and the paucity of information available
for preventive decision-making. Second, treatment with
some medications seems to contribute to the develop-
ment of this complication to some extent. The most com-
mon treatment for children with Kawasaki disease with
intense inflammation is the use of immunoglobulins and
hormones, but thrombotic complications are well-known
complications of immunoglobulin therapy and may be
related to increased blood viscosity, the procoagulant
activity of the immunoglobulins, and the immunoglob-
ulin-induced arterial vasospasm [33]. The use of cortisol
hormones is also known to increase the viscosity of blood
and promote thrombosis. The almost unavoidable use of
immunoglobulins and hormones, even multiple times,
in previous case reports and in our case, reminds us, on
the other hand, that treatment should be accompanied by
great vigilance for the development of arterial thrombo-
sis. Third, spasms of the peripheral arteries may also play
a role. The stimulation of blood vessels by drugs, spasm
of peripheral arteries due to inflammation, and puncture
of peripheral arteries during treatment (such as fingertip
blood glucose monitoring and arterial blood gas analy-
sis) may lead to peripheral artery spasm, thus causing a
change in hemodynamics and the occurrence of periph-
eral artery thrombosis. Fourth, the research of Huang
MY et al. [34] showed that the capillary morphology
was abnormal when compared to controls in KD, with a
larger diameter of the arterial and venous limbs, a higher
intercapillary distance and a decrease in the loop num-
bers. Significantly decreased capillary blood cell velocity
was noted in afebrile phase. The deceleration of the flow
velocity of the extremities may become a high risk fac-
tor for thrombosis in KD and contribute to the peripheral
artery thrombosis in our case. .

Treatment of KD complicated by peripheral gangrene
or peripheral artery thrombosis is rare and not men-
tioned in current guidelines, and most cases are empiri-
cally treated from the perspective of arterial thrombosis,
which makes us very passive in treatment plan decisions.
The main treatment is anticoagulation, thrombolysis,
and use of vasodilators; of these patients, 11/21 (some
data were unavailable) were known to remain gangre-
nous after treatment (eight amputations, three partial
amputations or detachments) and 13/21 recovered or
improved after treatment (nine with no sequelae, three
with partial recovery, and one with sequelae). Of these,
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19/21 used anticoagulants (including heparin and war-
farin, 10/19 improved or recovered after treatment; 9/19
amputation, partial amputation, or detachment), 6/21
used vasodilators (including nitroglycerin and prosta-
glandins; 5/6 improved or recovered after treatment; 1/6
amputation, partial amputation, or detachment), and
3/21 thrombolytic therapy (including t-PA and uroki-
nase; 1/3 improvement or recovery after treatment; 2/3
amputation, partial amputation, or detachment). Antico-
agulation and thrombolytic therapy were used together
in 2/21 cases (1/2 improvement or recovery after treat-
ment; 1/2 amputation, partial amputation, or detach-
ment), and anticoagulation and vasodilators were used
together in 9/21 cases (4/9 improvement or recovery
after treatment; 5/9 amputation, partial amputation, or
detachment). In addition, it is widely proved that hyper-
baric oxygen therapy could ameliorate diseases with
impaired oxygen supply due to capillary injury or vascu-
lar obstruction. For the reported 25 cases with periph-
eral artery thrombosis in KD, none of them received
hyperbaric oxygen therapy and half of them remained
gangrenous after treatment. Therefore, hyperbaric oxy-
gen therapy may serve as an adjunct therapeutic option
for peripheral artery thrombosis in KD if these children
were unresponsive for the treatment of anticoagulation,
thrombolysis, and use of vasodilators.

In summary, when a child has a high-risk factor for
age less than 1lyear, intense inflammatory response,
multiple IVIG and cortisol hormone use, and the pres-
ence of coronary artery damage, a high degree of vigi-
lance is needed for the development of peripheral artery
thrombosis or peripheral gangrene, especially during
the subacute phase of KD. However, we report a case
of Kawasaki disease complicated by peripheral artery
thrombosis in an older child without coronary artery
damage in China, which on the other hand reminds
us that an older child without coronary artery dam-
age needs equal attention. When this KD complication
occurs, early treatment with thrombolysis combined
with anticoagulation seems to reduce the occurrence
of adverse outcomes, and prostaglandin analogs can be
used as a therapeutic option.

Conclusions

KD complicated by peripheral artery thrombosis is very
rare, and it can lead to peripheral gangrene. The early
prevention, recognition, and treatment can reduce the
probability of amputation. We report the first case of
an older Chinese child with KD complicated by periph-
eral artery thrombosis. Through this case report and
literature review, we found that most children with this
complication were under 1year old, had a heavy inflam-
matory response combined with the use of cortisol and
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immunoglobulin, and most children had coronary artery
lesions. In addition, peripheral gangrene mainly occurs in
the subacute or chronic stage, and the prognosis is poor.
Therefore, in the presence of these high-risk factors, it is
necessary to monitor coagulation function and admin-
ister prophylactic anticoagulation therapy. Heparin and
prostaglandins can be used for treatment of peripheral
artery thrombosis.

Abbreviations
KD: Kawasaki disease; IVIG: Intravenous immunoglobulin; ECG: Electrocardio-
gram; DIC: Disseminated intravascular coagulation.
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