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Dear Editor:

CLOVES syndrome, which stands for Congenital Lipomatous
Overgrowth, Vascular malformations, Epidermal nevi and
Spinal (scoliosis) and/or Skeletal anomalies, is a rare sporadic
segmental overgrowth syndrome currently classified under
PROS (PIK3CA-related overgrowth spectrum) disorders.'-
The estimated incidence of CLOVES syndrome is less than
1:1,000,000. No gender predilection is reported and the syn-
drome can be observed in all races and ethnic groups equally.
All PROS disorders carry activating somatic mutations of the
PIK3CA gene which cause uncontrolled growth of cutaneous,
vascular, adipose, neural, and musculoskeletal tissues.’
CLOVES syndrome is a rare disorder that carries an
increased risk of pulmonary embolism (PE).* It has been postu-
lated that potential causes of thrombosis include an underlying
hypercoagulable state, the presence of vascular malformations,
and the presence of abnormal dilated and incompetent veins.
Patients diagnosed with CLOVES syndrome have central and
thoracic phlebectasia which is an abnormal outward dilatation
of the venous vessel without tortuosity. This leads to incompe-
tent veins and an increased risk of thromboembolism, increas-
ing the risk of pulmonary embolism. A recent institutional
observational study revealed that about 9% of patients with
CLOVES syndrome suffered from PE cumulatively. Most of
these PE episodes were after surgery or sclerotherapy, which
all had central phlebectasia. They tolerated anticoagulation
well and about 66% had to undergo endovascular treatment.’

In this manuscript, we report a pediatric patient with
CLOVES syndrome who developed massive pulmonary embo-
lism and was successfully treated with EKOS UCDT, as well as
a review of the literature of the pediatric patients who were
treated with catheter-directed fibrinolytic therapy.

A 15-year-old male patient, with a history of lymphangioma-
tosis and a tethered cord with a preoperative diagnosis of pro-

gressive double thoracic kyphoscoliosis, was admitted to our
hospital for correction of a posterior spinal fusion with instru-

mentation from second thoracic (T2) to fourth lumbar vertebrae
(L4). The procedure was performed without any complications.
He was rolled into the supine position and his examination was
determined as neurologically intact in the operating room after
the procedure. Intraoperative radiological views of the spine
obtained during the fusion procedure showed orthopedic hard-
ware overlying the spine, and that the interpedicular screws
were positioned. The patient was taken to the intensive
special care unit in stable condition for observation overnight.
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A central line was placed and on a chest x-ray, single view on
inspiration revealed a right internal jugular line extending into
the superior vena cava and no pneumothorax. Additionally,
the posterior spinal rods appeared to be in place. Two x-ray
views of the thoracolumbar spine showed satisfactory postoper-
ative view of the thoracolumbar spine with posterior spinal rods
extending from the level of C7-T1 to L4 and pedicle screws
intact at multiple levels. There was improved alignment of the
spine, with mild residual curvature remaining in the thoraco-
lumbar region. The patient was under follow-up without any
symptoms.

While he was still under observation, he developed intense
pain in his chest 24 h after the procedure, just after the
removal of a Foley catheter. He was also dyspneic. In physical
examination, the patient’s vitals were: Temperature 99.2°F,
Heart rate 107 beats/min, Respiratory Rate 14/min, BP 98/
63 mm Hg, O, saturation 98% in room air. The patient was
interactive and was in pain while shivering during the exam.
The lungs were found to be clear with no wheezes, rales, or
rhonchi. There was good bilateral air movement, with no retrac-
tion or increased work of breathing. On cardiac examination,
there was tachycardia, S1 S2 was normal, and there were no
rubs, gallops, or murmurs. His peripheral pulses were 2+, cap-
illary refill was < 2 s. His Abdomen was Soft, non-tender, and
non-distended, with bowel sounds. There were no masses. His
ear-nose-throat, neck, skin, musculoskeletal, neurologic, endo-
crine, hematology, and immunology examinations were within
normal limits. He had syndactyly of the 2-fourth toes on both
feet, flattened and wide feet bilaterally with well-healed scars
from soft tissue release.

Lab values revealed ABO blood type: O+, Factor VII: 94%,
antithrombin [I1:61% (low), D-dimer:10.7, serum cortisol: 32.7,
Homocysteine: 2.9, CK-MB: 20.6, CK: 2319, Troponin
0.02. Coagulation test results revealed activated partial
thromboplastin time (APTT):33.9 s, PT: 13.5 with an INR of
1.3, and fibrinogen:296 mg/dL. Additional lab values showed
that his Na: 139 mmol/L, K:4.4 mmol/L, Cl:109 mmol/L, Co2:
26 mEg/L, Cr: 0.7 mg/dL, Glucose:126 mg/dL. Blood cultures
done three times were reported to be NGTD. Factor II mutation
status is unknown at this time point.

The electrocardiography (EKG) was normal. The chest x-ray
reported that the patient had recent spinal stabilization surgery
with posterior rods with gas within the surrounding soft
tissues. There was evidence of leftward scoliosis of the lower
thoracic spine. His heart size was normal. There was no evi-
dence of pericardial fluid. A small left pleural effusion with
an estimated volume of 300 ml was noted. There is a trace of
right pleural effusion. Scoliosis with recent spinal surgery
was also reported. A large thrombus load to both the right
and left pulmonary arteries was confirmed with CT angiogra-
phy (Figure 1). A comprehensive bilateral lower extremity
Doppler venous ultrasound revealed normal flow, compressibil-
ity, and augmentation of the deep venous system. There was no
evidence of deep venous thrombosis (DVT). Echocardiography
which was performed on postoperative day # 2, revealed normal
intracardiac anatomy, moderate tricuspid regurgitation, and

mild mitral regurgitation. Based on the tricuspid regurgitation
gradient and ventricular septal configuration, the estimated
right ventricular pressure was at the level of near systemic pres-
sure. The right ventricular function was moderately decreased
and the right ventricle was significantly dilated.

Based on this diagnosis, the patient was started on heparin
infusion to maintain APTT between 60-85 s and was given
fresh frozen plasma to compensate for low antithrombin III
and for effective anticoagulation with heparin. The patient
was needed considerable inotropic support in the follow-up
with epinephrine at 0.12 mecg/kg per minute, and dopamine at
10 mcg/kg per minute. Due to the diagnosis of massive pulmo-
nary embolus and right heart failure, right heart catheterization
with insertion of bilateral infusion/ultrasound catheters (EKOS)
was performed on post-operative day #2. Prior to advancing
catheters, the femoral vein angiography showed no evidence
of thrombus within the femoral vein. The catheter was then
advanced to the innominate vein and the hand demonstrated
no evidence of thrombus within the innominate vein or the
right-sided superior vena cava. The mean right atrial pressure
was recorded as 46/26 with a mean of 35 mm Hg. Pulmonary
artery saturation was measured at 73% with a superior vena
cava saturation of 84% and a right atrial saturation of 84%. A
right heart catheterization and pulmonary and venous angiography
placement of infusion (ECON)/ultrasound catheter system to right
and left pulmonary arteries to facilitate administration of tPA
given as a 2mg bolus to both catheters with an infusion at
0.5 mg/h for 20 h maximum period. After this treatment, the
patient acquired immediate symptomatic relief and subsequent clin-
ical improvement and was weaned off of the pressors within 24 h.

A CT angiogram 48 h later demonstrated marked resolution
of pulmonary emboli with no significant hematological changes
and bleeding (Figure 2). Following this dramatic recovery, the
patient was discharged from the hospital and it was recom-
mended to continue follow-up with use of lifelong anticoagula-
tion with direct acting oral anticoagulants (DOAC).

Discussion

This was an extremely rare case of a post-operative pulmonary
embolism in a 15-year-old male patient who has CLOVES syn-
drome. Due to the unique circumstance of being post-operative
and the risk of systemic thrombolysis therapy, an alternative
approach was used in this case to treat the pulmonary embolism.
It was decided to use UCDT and this became the first time it was
used to treat PE in a pediatric patient with CLOVES syndrome.

This patient suffered from a syndrome named as CLOVES
Syndrome and was also found to have antithrombin defi-
ciency.®™'? In this patient, the diagnosis of CLOVES syndrome
is supported by the following: The patient had lipomatous over-
growths at both sides of thorax regions, retroperitoneal micro-
cytic lymphatic vascular malformations at the time of birth,
with tethered cord, progressive double thoracic kyphoscoliosis,
and club foot."*™"

Ultrasound catheter-directed therapy, specifically EKOS,
may be used in the treatment of arterial occlusion, DVT, and
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Figure |. Transverse and vertical sections of CT Angiography represent filling defects in bilateral pulmonary arteries consistent with
pulmonary embolism. The patient was suffering from extensive skeletal deformities and kyphoscoliosis the lipomatous overgrowth is prominent

on both sides of the thorax.

pulmonary emboli.'* The way ultrasound therapy works are by
using cavitation-induced microstreaming. This mechanism
works by loosening the fibrin strands ultimately causing the
mechanical breakdown of the clot. Additionally, it exposes
more plasminogen receptors by increasing surface area, there-
fore, allowing for easier breakdown by biological mechanisms.
This also allows for the enhancement of the breakdown of a clot
by allowing an increase in the permeability of thrombolytic
agents.'*'> The major complications documented with this
therapy are hematoma at the access site, injury to any artery spe-
cifically pulmonary artery, pulmonary hemorrhage, and retro-
peritoneal hematoma. These complications are similarly seen
in multiple catheter-based approaches.'®

In the management of pulmonary emboli, the three
approaches may be systemic anticoagulation, catheter-directed
therapy, and surgical embolectomy. One of the ways PEs are

managed is with the EKOS device, which is a version of
catheter-directed thrombolysis. This device utilizes ultrasound
to mechanically break up the clot. One of the most important
advantages of this approach, as seen in this case, is the avoid-
ance of potential complications of systemic anticoagulation
therapies.'> This is especially beneficial when managing
post-operative patients where systemic therapy may be contra-
indicated. However, although it has been found that catheter-
directed therapy had less in-hospital mortality than systemic
thrombolysis in treatment PE, the evidence for pediatric popu-
lation is lacking.'” We urge further investigation on whether
UCDT is superior to systemic anticoagulation in the pediatric
population.

In the pediatric populations, pediatric studies assessing the
efficacy and safety of using the EKOS approach in PE are
lacking compared to adult literature. In a particular
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Figure 2. Transverse and vertical sections of CT Angiography represent the complete resolution of pulmonary embolism.

retrospective study, they used six CDT interventions on five found that all the patients had improvement in the clinical
pediatric patients, particularly, five of those procedures used parameters and all of them had no long-term mortality or
the EKOS software in treating pulmonary embolism. It was treatment-related complications.'® As this study by Bavaria



(ponunuod)

sojweuApowsy ul JuswaAoadwi ‘UaAsmoH ‘Bulpaslq
9|qeadeuew-uoisnjsue.) Aq pajedlidwod :| ased

cnewoldwAse
paurewsaJ pue pagJeydsi( "uolINjosad 102
Y3IM JuswaAo.dwil dlweuApoway pue [edjuld pa.Jel.
"Vd?3 [e20] Wo.y spas|q |9 pey sjuaned g
‘ulredexous uo JIYM 3dua.undad wsijoqud Areuownd
pey snsojewayaAkia sndnj d1wa3sAs yum syuaned
T "(sypuow 9¢—¢) syauow || e dn-mojjo} Uelpaly
‘uegexide yaim suo pue uliedexous yum pasaeydsip
auam sjuaned g ‘7 asoya JO "uonnjosad 339|dwod
Yyam ulseday Yiim uoiendeodiue JueljLIodUod pue
Adeaayy paidauip-4919y3ed 01 papuodsad syusied 7 pue
Uap.Jnq Jd dAIssew 03 anp palp AR3elpawiwi sjuained g
Jd JO 92UIUINDAI OU SBM dJ3Y| "UBGEXO.IBALI
paJinbau Aouapysp uiquioayanue pajliayul
yaim Juanned suQ ‘ulsedexous 03 padplaq pue ulieday
Uo palJels auam sjuaned Jaylo ||y "Aj[edade|iq Iquioayl
PaLID[ED DIUCJYD PAIMOYS UDIYM ‘Y /€ J9ye Adeaayy
Pa129.1p-J4919Y3ed JO d.n|iej 03 NP AWOId_qUIoIY]
[ed1ueydaw paJinbau syuaned QDI Y3 jo dUQ
‘suonesljdwod ou pue uonnjosad [enJed g
uonnjosaJ 919|dwod 4
ulidse —/+ uiiepem
Jo uledexous o3 pagpliq ulseday jo uopendeodnue
pue suonedijdwod oN
Ajeaiow oN
uonnjosad [enJed g
uonnjosaJ 939|dwod ¢
-a84eydsip-1sod
SYIUOW 9 PUE ‘SYIUOW § ‘SHIIM 9 JB dUI]d
sisoquioJys 38 dn mojjo4 “ulseday 3ySiom Jejndajow
MO| yam uonejndeodiiue d3nadessayl 01 pauonisued |
suonedljdwod oN
uonnjosaJ [enued |
uonnjosaJd 29|dwod 4
‘ulseday yam uonendeodnue
wu3-3uo| yum padaeydsiq 9943 Aueuownd jo geyad
.0} UONE|IP UOO|[Bq PUE UOIBZLISIDYIED J3IE| SHIIM
€ '92Ud4JN2D03J JO JUBWIIEAI) J3ye suonedljdwod
ou pue uonnjosa. 219|dwod pey 9 Aep UO JUSWILJ ] ‘9
Aep UO 9DURLINDD03J YIIM ‘SSIIDNS JUSWIE) [enIU|

Jo asop [e301 & SulAI Yy 7 Joj y/3w o Ie pasnyul
SEM Yd3 1D Plo-4eah-/ |
Y $ [eUonIppe 4o} ydi-J jo Sw g7 :uawaroidwi
[Ed1U1]2 [eWiuUW O3 dNP BSINOD PUOIDS
ys
J9A0 paJaAl|ap (Yd3-4) JoreAnde uadouiwseld anssn
JUBUIQWOJ3J JO 8w §'Q| PR3I23JIP-J33YIeD) SO

‘utseday
JYy'n 00§ Al 9SOP MO| JUBIIWIODUOD UM Jy/Bw |
Jo 91.4 UoIsnjul Aq pamoj[o} Sw g Jo asop snjoq
[eniul (jreadid uo goyg) Adeaays paidauip-4aiayred)

(4 €£-91) Y 6T sem uoisnyui \yd 410} B3 Ued|y
"Uy3eays ay3 UIYIIM UONBLILIO) SNqWIOJyl JudAa.d 03
Yaeays JejndSeA dY3 Je A[JUBISUOD PIJIS|UIWPE SEM
(Jw/n ) uoisnyui urreday 9SOp MOT "UDAIS SEM JY/3)|
/n 0] uldedsay asop mo| Adeaya paidauip-J939y3ed

3unq “(4y/3w | asOp Xew) Vd3 1y
/BW 90°0—€0°0 (SOM3) AdeJays pazdauip-Ia3ayied

Sw ] Vd3 21waisAg
W /33w |
—1y/358w G770 (SoM7) Adeaay paidauip-J91ayied)

uoisnyul asejdayje Sutnp utaeday Jy/3y/n g Yyam

(4y/8w g asop xew) asejdaaje ay 88w £0°0 (Sod3)

Adeaayy padadip-Ja39yaed Aq pamojjoy uondnusip
10|2 [eJIUBYISW JO AWOID2qUIOIYl UoING

9IS YI9vys
e 3uIpa’|q p|iw 03 SNp Pa122UUodSIP ‘Y 8| 40 d 1
U/Bi3w 7°0 (S0I3) Adesays pardauip-ia3ayied

d|qeltep din}y

Ais1ue
Aseuownd 1y3ry

d|qelieA

saLIv1Ie
Aseuownd |esarejlun

T pue [esole|q §

d|qelteA

d|qelieA

Ausyae
Areuownd 127

a8ewrep J9)je 34 padojoAaap oym
(saeak 9 ‘sueak z]) ‘sauaned g

siso3kdouayds
AJeaipausH plo-Jeak-7 |

(saeak

0T ‘sdeaf g| ‘saeak /| ‘saeak
L] ‘sdedk 9| ‘sueak 9| ‘sueak
G| ‘saeaf §| ‘sueak 7| sauaned ¢

(saeak

6] ‘sIeak £| ‘saeak /| ‘saedf
9] ‘suedk 9| ‘sueak §| ‘sueak
| ] ‘saeaf g ‘saeak g) syuaned ¢

(saeak 7| ‘saeak 7| ‘saeak 9|
‘saeaf G| ‘sueak ||) syusned ¢

(saeah |7 ‘saeak /| ‘saeak
G| ‘saedf g ‘sueaA ¢) ‘syuaned g

a4npadoud

UUR|D) YIIM SWOIPUAS
pJey 19| onsejdodAy ‘yuow g

<€ 10T “eiAE)D

2610T “Aley|

61810C
‘IR USA-WBNY

2610T [

a1710T ‘aJeAeg

1£020T ‘AispPg

oz 20T ‘BIRqnH

dn-mojjo4 pue awomnnQ

uoneJn pue 950 Yd? sisAjoquioy

uonedoT

uondisaq pue a8y siusired

Jea | ‘Joyiny

‘lloquig AJeuowngd YIm siuslied dLIIBIPA Ul SISA|OqWIOY | PaldaJi-4918YeD) uo eleq jo AJewwng °| ajqel



Clinical and Applied Thrombosis/Hemostasis

(continued)

Table I.

Outcome and Follow-up

Thrombolysis tPA Dose and Duration

Patients Age and Description Location

Author, Year

and ventilation
Case 2: anticoagulated and no CDT was used

60 mg.
6-year-old found to have

extensive thrombus from the infrarenal IVC to the

control laparotomy after

perihepatic packing.

right common femoral vein. unfractionated heparin

titrated to PTT of 40-60 s Patient transitioned to

enoxaparin treatment after procedures. Hospital
day 25 patient was found to have asymptomatic PE.

enoxaparin
dose was readjusted then transitioned to
warfarin therapy prior to discharge home.
Unfractionated heparin followed by CDT. CDT is
used to treat remaining PE after UFH and DVT is

Under CDT, heart rate decreased with resolution

bilateral segmental

16 years antithrombin IlI

Kuo, 2019%°

confirmed on angiography

pulmonary artery
embolism and DVT

deficiency.

treated with IVC filter.

After 5 days thrombus disappeared with no

Continuous infusion of low-dose alteplase initially

Left pulmonary
embolus completely
restricting flow to left

12 years developed PE 9 years
after Complex heart defects
treated with Fontan Circulation

Ruud, 2003%¢

complications

at 0.008 mg kgl hl
And after day one due to minimal resolution was

doubled to 0.016 mg kgl hl and continued for 5

lung

days.

mentioned, we have also had success in treating this pediatric
patient with EKOS with no long-term mortality and treatment
complications.

Through our literature review of pediatric patients who
developed PE and were treated, we included 34 pediatric
patients who had been treated for PE. 33 of these patients
were treated with a form of CDT. 8 out of 33 patients (24%)
treated with CDT had a partial response and 25 (76%) had com-
plete resolution of PE with CDT. There were 3(9%) total com-
plications in the patients treated with CDT, two being GI bleeds
that did not need transfusions and one being transfusion man-
ageable bleeding. Two patients in the Akam—Venkata study
were not included because of immediate death due to massive
PE, possibly due to delayed treatment.'® Of the 34 patients men-
tioned, none had died. Two patients with prior history of sys-
temic lupus erythematous had developed a recurrent PE. The
summary data of CDT in pediatric patients are presented in
Table 1.

Conclusion

The utilization of EKOS in treating PE in the pediatric popula-
tion is important in the management of PE as there are promis-
ing results and minimal side effects. This treatment modality
was successful in treating our case of pediatric PE in this
patient with CLOVES syndrome, and the overall complications
were found to be low in our literature review. Due to the overall
efficacy and success of EKOS UCDT, it seems that it is an
important consideration to utilize in the treatment of the pediat-
ric population.
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