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What should a surgeon know about COVID-19?

Aleksandra Krasińska1, Małgorzata Wichrowska1, Zbigniew Krasiński2

1Department of Ophthalmology, Poznań University of Medical Sciences, Poland 
2Department of Vascular, Endovascular Surgery, Angiology And Phlebology, Poznań University of Medical Sciences, Poland

At the beginning of 2020, the world was informed about 
an outbreak caused by the new coronavirus in China. 
The fear of infection results mainly from the scope 
of the pandemic and high virulence of the pathogen, 
but it is also associated with ignorance and insufficient 
information for society and the medical community, 
especially those who do not deal with infectious dis-
eases in their daily practice. Based on knowledge from 
previous coronavirus epidemics (SARS 2002–2003 and 
MERS 2012), it was difficult to predict the extent of the 
new pathogen and its potential infectivity, pathogenicity 
and mortality. As health care professionals, we should 
know not only how to help our infected patients, but 
also how to protect ourselves when we provide health 
services to SARS-CoV-2- positive patients and to those 
who need our help, regardless of the epidemic situation. 
This letter provides brief information for the thorac-
ic, cardiac, and vascular surgeons’ community about 
principles that, according to various scientific societies, 
can rationalize the treatment of our patients, whether 
infected or not.

The COVID-19 pandemic was announced by the 
World Health Organization (WHO) on March 11, 2020. 
COVID-19 (Coronavirus Disease 19) is an infectious 
disease caused by SARS- CoV- 2 (severe acute res-
piratory syndrome coronavirus 2), originally named 
2019-nCoV (2019-Novel Coronavirus). The first cases 
were observed in Wuhan (China) in December 2019. 
They were described by local doctors as pneumonia of 
unclear etiology. On January 7, 2020, the pathogen was 
isolated and identified in China. SARS- CoV-2 belongs 
to the family of coronaviruses (Coronaviridae) and is 
classified as a beta-type coronavirus. It is an enveloped, 
single-stranded RNA virus, one of the largest cytopathic 
RNA viruses. Coronaviruses are a family of pathogenic 
viruses which are widespread around the world and 
attack both humans and animals. In humans, they mainly 
cause respiratory infections, which are usually mild. The 

concerns surrounding the new SARS-CoV-2 virus stem 
from the fact that, like the SARS-CoV and MERS viruses, 
they can cause severe respiratory distress syndromes 
and multi-organ failure with a potentially fatal course.

It has been speculated that the source of the pri-
mary human infection could be animals sold at a fish 
market in Wuhan, China, suggesting that SARS-CoV-2 
is a zoonotic pathogen. The first cases of COVID-19 
are patients who confirmed their presence at the  
said market. Currently, the droplet route is considered 
the main route of human-to-human transmission. How-
ever, the way of acquiring the infection is not entirely 
clear. From a practical point of view, it is important for 
surgeons that the RNA of the virus has been identified 
in almost all body fluids (sputum, discharge from the 
nose, throat, bronchial tree, conjunctival sac, tears, 
and stool). Both the fecal-oral and conjunctival route 
remain likely. 

COVID-19 is a complex disease that mainly affects 
the lower respiratory tract. Its main symptoms are  
a fever and a cough that can be both dry and wet. How-
ever, fever, the most constant feature of this disease, 
may not be present in the elderly and in immunocompe-
tent individuals. Other symptoms include muscle pains 
and general fatigue. A runny nose, sneezing and a sore 
throat are not specific to this disease. However, cases 
with different clinical symptoms such as rash, nausea, 
vomiting and diarrhea have been reported. Virus incu-
bation takes 2–14 days, and median incubation period is 
approximately 5 days. The median time from symptom 
onset to death is 18 days.

Currently, tests based on the detection of viral RNA 
using polymerase chain reaction (PCR) in a sample taken 
from the upper or lower respiratory tract or serum are 
used to confirm the infection. Laboratory tests show 
lymphopenia and elevated lactate dehydrogenase and 
transaminases. SARS-CoV-2 infection cannot be diag-
nosed on the basis of imaging studies.
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Table 1. Pre-operative TRIAGE 

OPERATE POSTPONE, IF POSSIBLE POSTPONE

AAA: 
• ruptured/symptomatic AAA or TAAA
• infection-related anastomotic aneury-

sms or vascular graft infection

AAA and TAAA: > 6.5 cm AAA: AAA < 6.5 cm

Peripheral artery aneurysms: 
• symptomatic peripheral or visceral

artery aneurysm
• pseudoaneurysm (when treatment

is not possible: thrombin injection or 
compression, rapidly expanding or 
multi-chamber aneurysms)

Peripheral artery aneurysms: 
• asymptomatic peripheral or visceral

artery aneurysm

Aortic dissecting aneurysm:
• acute dissection or impaired blood

supply

Acute aortic syndromes — not 
reviously mentioned:
• aortoduodenal fistula with septic/

/hemorrhagic shock or signs of im-
pending rupture

Vascular graft complications:
• arterial prosthesis infection without

overt sepsis, or hemorrhagic shock, 
or impending hemorrhage

Vascular graft complications:
• Repair procedures in significant/

/symptomatic restenosis

Vascular graft complications:
• asymptomatic stenosis of the vascular

graft or in-stent restenosis

Carotid stenosis:
• symptomatic carotid stenosis — clas-

sic endarterectomy or revasculariza-
tion via carotid puncture

Dialysis:
• vascular access thrombosis or mal-

function
• vascular access infection and ulce-

ration
• tunneled dialysis catheters
• kidney failure, requiring dialysis

Dialysis:
• fistula revision for steal syndrome or

ischemia
• angiographic examination of malfun-

ctional fistula (blood supply disorders)
• creation of native fistulas or using

grafts — end-stage renal disease, 
stage 4 or 5

Carotid stenosis:
• asymptomatic carotid artery stenosis

Acute visceral artery occlusion Chronic visceral artery occlusion
Peripheral vascular disease
• acute limb ischemia
• limb ischemia — progressive ische-

mia, colliquative necrosis, gangrene
• fasciotomy for compartment syn-

drome

Peripheral vascular disease
• Chronic limb-threatening ischemia,

pain at rest or ulceration

Peripheral vascular disease:
• Angiography or endovascular

procedures in intermittent 
claudication syndrome

• Classic (open) surgery in the treat-
ment of intermittent claudication

Thrombolytic treatment: venous 
or arterial thrombosis

TOS:
• Symptomatic thoracic outlet syndro-

me (TOS) with acute venous or arte-
rial thrombosis and severe edema

TOS:
• Thoracic outlet syndrome,

neurogenic

Trauma: 
• Traumatic injury with hemorrhage

or ischemia
Æ
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Figure 1. Pre-admission TRIAGE

— Isolate the patient

— Use PPE

— One doctor/team of doctors 
should be assigned to the 
patient

COVID-19 Screening Questionnaire
1. During the last 14 days, have you been in

coronavirus transmission areas?
2. During the last 14 days, have you had contact 

with someone who was confirmed to be 
infected with SARS-CoV-2?

3. Do you have symptoms (fever over 38 degrees C, 
cough, shortness of breath, runny nose, 

sore throat)?
4. During the last 14 days, have you had contact 

with someone who has been in coronavirus 
transmission areas?

NO to all questions
LET THE PATIENT INTO THE HOSPITAL

YES NO

— Postpone the visit 
 for at least 14 days
— Make sure that the 

patient does not 
need a prescription 
(virtual visit or 
e-prescription can 
be offered)

— Admit the patient to 
 the hospital
— Use personal

protection 
equipment (PPE): 
surgical mask + 
eye protection

YES to any question
DO NOT LET THE PATIENT 

INTO THE HOSPITAL

*YES to questions 1–3:
— Send the patient home
— Ask the patient to contact
 their GP or the nearest 
Infectious Diseases Department

Can the patient's visit/surgery be canceled?

*YES to question 4:
— Send the patient home
— Only if the patient feels 

unwell, ask the patients 
to contact their GP 
or the nearest Infectious 
Diseases Department

YES to any question
IN CASE OF EMERGENCY — THE PATIENT 

MUST BE ADMITTED TO HOSPITAL

A patient comes to the hospital

Table 1. Cont. Pre-operative TRIAGE 

OPERATE POSTPONE, IF POSSIBLE POSTPONE

Venous:
• acute iliofemoral deep venous

thrombosis with phlegmasia

Venous:
• inferior vena cava filter placement
• massive iliofemoral venous thrombo-

sis in oligosymptomatic patients
• procedures in patients with leg ulcers

Venous:
• asymptomatic May-Thurner syndrome
• removal of the filter from the inferior

vena cava
• varicose vein surgery or saphenous

vein ablation

Wounds/Gangrene/Amputations:
• due to infection/necrosis (major

amputations)
• amputations in patients for whom

revascularization is not possible

Wounds/Gangrene/Amputations:
surgical debridement
• wounds requiring skin grafting
• toes amputations due to ischemia or

gangrene

Others:
• surgery or embolization for uncon-

trolled bleeding in unstable patients 

Others:
• surgery or embolization for bleeding

in stable patients
• vascular ports
• vascular-port-related complications

There is currently no causal treatment. Conserv-
ative treatment, antipyretic drugs, fluid therapy to 
maintain hemodynamic balance and oxygen therapy are 
applied. Lung fibrosis may develop during the disease, 
but opinions as to the pathomechanism of these lesions 

are divided – it is not clear whether they result from 
the course of the disease or are iatrogenic, caused by 
high oxygen concentrations during the patient’s oxygen 
therapy. There are studies suggesting the effectiveness 
of antimalarial drugs (chloroquine) in alleviating the 
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course of the disease. In Poland, Arechin (cholorochine) 
has been registered for the treatment of COVID-19. Re-
search is also underway on the usefulness of retroviral 
drugs used for the treatment of HIV infection (in some 
countries they are already used in supportive therapy).

Due to the lack of causal treatment, we should focus 
primarily on prevention. Our activities in the field of 
cardiac and vascular surgery regarding patients with 
COVID-19 or suspected patients should be based on 
simple and clear principles. 

General rules that can be implemented:
1. Consider nonsurgical treatment, if possible.
2. For a patient suspected of COVID-19, wait for the

test result.
3. Aerosol-generating procedures should be per-

formed while wearing full personal protective
equipment: an N95 mask, goggles and a protective
suit. The aerosol-generating procedures include:
intubation, extubation, bronchoscopy, cauterization,
laparoscopy, thoracoscopy, and endoscopy.

4. There are currently no conclusive data on the
advantage of laparoscopy or classical open surgery
in terms of the risk of coronavirus infection. How-
ever, the surgeon should make their own decision
based on the safety criteria (considering both their
own safety and that of the patient) and their own
experience.

5. Consider creating a team to decide whether an
operation is justified, based on the triage criteria.
The team should consist of a surgeon, an anesthe-
siologist and a nurse.
The detailed recommendations we propose are

based on the guidelines of the American College of 
Surgeons, Society for Vascular Surgery and the recom-
mendations of the Polish Society of Ophthalmologists. 
In order to maximize the safety of the patient and 
surgeon in the era of the COVID-19 epidemic, it is 
recommended:

Level 1 

1. Elective admissions to hospital wards and patient
visits to clinics should be suspended and surgical
procedures limited only to urgent/acute cases.

2. No visitors should be allowed in the hospital.
3. Telemedicine — as far as possible, services for

patients can be provided using electronic devices –
prescription extension/issuing exemptions.

4. Pre-admission TRIAGE — when a patient has to be
hospitalized, he/she should complete an epidemio-
logical questionnaire before entering the hospital.

5. Limit aerosol generating procedures.
6. Staff training to reduce the risk of infection.

Level 2

1. Disinfection of staff hands and equipment of patient
examination rooms.

2. Medical personnel should be careful about symp-
toms such as fever, chills, weakness, muscle pain,
sore throat, diarrhea, cough, runny nose, vomiting,
and pneumonia. It is also recommended to take
body temperature daily.

Level 3

1. Pre-operative TRIAGE (Table 1).
2. Masks should be worn by both medical staff and

patients.
3. Separate rooms for patients suspected of or di-

agnosed with COVID-19, including: a separate
operating room, space in ICU and other areas for
infected patients.

4. COVID-19 patients should be separated from other
patients.

5. Medical personnel should be assigned to only care
for COVID-19 patients.

Conflict of interest
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Abstract
Introduction: Recently non-thrombotic iliac vein lesions (NIVL) due to their possible role in chronic venous 
insufficiency on one side and to the development of endovascular venous techniques on the other side have 
gained much interest. The purpose of this study was to establish if vascular risk and anthropometric factors are 
associated with the occurrence of NIVL in patients with chronic venous disorders.
Material and methods: Thirty-three patients (8 men and 25 women) of the median age of 48 years with 
primary varicose veins that were qualified for great saphenous veins high ligation and stripping were included. 
The data concerning age, sex, body mass, height, body mass index, body surface area, hypertension, hyper-
cholesterolemia, smoking and diabetes have been collected. During the varicose vein surgery, both iliac venous 
axis were interrogated with intravascular ultrasound. Percentage of stenosis of interrogated veins was calculated. 
The association between analyzed factors and morphology of iliac veins was statistically determined.
Results: In a univariate analysis age negatively correlated with left common iliac vein (LCIV) stenosis and 
male sex, greater weight and body surface area and hypertension were associated with lesser stenosis of left 
external iliac vein. In a multivariate analysis, only age significantly negatively correlated with LCIV stenosis  
(p = 0.027). There was a correlation of borderline statistical significance between female sex and LCIV stenosis 
(p = 0.073). No other correlations were observed.
Conclusions: Except for age and possibly sex, there is no association between NIVL and other anthropometric 
and vascular risk factors.
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Introduction

Chronic non-thrombotic iliac vein lesions (NIVL) de-
scribed by May and Turner in 1957 develop as a conse-
quence of compression of iliac vein, predominantly left 
common iliac vein, between artery and bones [1]. As 
suspected earlier by Virchov and McMurrich, they may 
predispose to deep venous thrombosis, but they also 
may contribute to a wide range of symptoms of chronic 
venous disorders (CVD) [2, 3]. Since nowadays these 
lesions can be treated by angioplasty and stenting their 

diagnosis may have important treatment implications. 
In distinction to venous reflux or obstruction in below 
inguinal ligament segment, NIVL are more difficult to 
diagnose and for that purpose usually more sophisticat-
ed and/or invasive tests such as computed tomography, 
magnetic resonance imaging, contrast phlebography 
or intravascular ultrasound is required. Taking into 
account the widespread prevalence of CVD, peaking 
to 40–50% of western populations, it is obvious and 
even inappropriate to perform these tests in all patients 
with the sign and symptoms of the disease [4–6]. Thus, 
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the identification of clinical factors that would point to 
the possibility of the existence of such lesions would 
be helpful in the selection of CVD patients for further, 
more sophisticated imaging tests. Since the principal 
cause of this lesion is the compression of the iliac veins, 
most commonly left common iliac vein, between the 
artery and bone we hypothesized that either factor 
affecting a body habitus such as demographics and body 
size or factors affecting behaviour of the arteries such 
as hypertension, diabetes, hypercholesterolemia or 
smoking may have an influence on occurrence of NIVL.

The purpose of the study was to determine an as-
sociation between clinical factors and occurrence and 
severity of non-thrombotic iliac vein lesions in patients 
with chronic venous disorders.

Material and methods

The protocol of the study was approved by the in-
stitutional bioethical committee. All of the enrolled 
patients gave informed consent for participation in the 
investigation.

The study included patients presenting with unilat-
eral primary varicose veins (PVV) associated with great 
saphenous vein (GSV) incompetence, scheduled for 
GSV ligation and striping. Before the inclusion, a clinical 
examination and a duplex Doppler of the lower limb 
venous system was performed.

The following exclusion criteria have been adopted: 
history or ultrasound signs of proximal deep venous 
thrombosis, patients under 18 years of age, pregnancy 
and breastfeeding, severe chronic venous insufficiency 
defined as the C4b-C6 class of CEAP classification [7], 
chronic and acute lower limb ischemia, known throm-
bophilia or other coagulation disorders, lymphedema, 
any acute or chronic inflammatory disease, active cancer 
or history of chemo- or radiotheraphy, symptomatic 
coronary artery disease, history of major pelvic or 
retroperitoneal surgery or trauma, aortic or iliac aneu-
rysms or portal hypertension, patients with cirrhosis.

Thirty-three patients, 8 men and 25 women were 
included. The median age of the patients was 48.2 ± 
13.8 years. Before the procedure, the patients’ weight 
and height were determined and body mass index 
(BMI) and body surface area (BSA) were calculated. 
The data concerning following vascular risk factors: 
hypertension, hypercholesterolemia, smoking and 
diabetes were collected.

During the varicose vein surgery, an intravenous 
ultrasound interrogation of inferior vena cava and both 
right and left common and external iliac veins was 
performed with Volcano s5 Imaging System (Volcano 
Corporation, Rancho Cordova, CA, USA) according to 
the technique described in the literature [8]. In short, 

through a 9Fr introducer sheath inserted under direct 
vision into proximal GSV at the operated side and 
through ultrasound-guided percutaneous puncture at 
the non-operated side, a Visions PV.035 catheter, with 
10MHz frequency transducer, and the maximum imag-
ing diameter of 60 mm was advanced over a guidewire, 
at the level of the right atrium. During the manual 
pull-back, the veins of interest were interrogated with 
IVUS and the images obtained were archived on the 
hard drive of the device and DVD.

The morphometric analysis was carried out on the 
Volcano s5 Imaging System, using the standard soft-
ware installed on the device. Inferior vena cava (IVC) 
and both, left and right, common iliac veins (CIV) and 
external iliac veins (EIV) were measured. In each ana-
lyzed vein cross-sectional area (CSA) of a non-stenotic 
segment of the vessel and of the most stenosed seg-
ment were determined and denominated a reference 
cross-sectional area (ref-CSA) and a Minimal Lumen 
Area (MLA), respectively (Fig. 1). While determining the 
ref-CSA the areas of venous confluence were excluded 
from the measurement. Percentage of stenosis (S%) of 
each analyzed vessel was determined according to the 
following formula:

 S% = (ref-CSA – MLA) / ref-CSA x 100

In the further analysis, the influence of the vascular 
risk factors, anthropometric and demographic factors 
on the morphological parameters of examined veins 
were studied. 

Statistical analysis
 — For quantitative variables mean, SD, median, quar-

tiles and range were shown.
 — For qualitative variables, absolute and percentage 

distributions were shown.
 — Quantitative variables were compared between two 

groups by the means of t-Student (in case of normal-
ity of distribution in both groups) and Mann-Whitney 
test (otherwise).

 — Correlations between quantitative variables were 
analyzed with Spearman’s correlation coefficient.

 — Normality was checked with the Shapiro-Wilk test.
 — A linear regression model was used for a multivar-

iate analysis.
 — Significance level was set at 0,05.
 — Analysis was conducted in R package, version 3.2.3.

Results

The procedure was carried out according to the 
protocol in all included patients. Fourteen (43%) of 
the thirty-three patients enrolled in the study had 
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varicose veins in the left lower limb. The mean height, 
body weight, body mass index (BMI) and body surface 
area (BSA) were 170 (9.2) cm, 79 (13.2) kg, 27.3(4.2) 
kg/m2 and 1.9 (0.2) m2, respectively. The prevalence 
of vascular risk factors is presented in Table 1. The 
median values of S% of the examined veins limb were 
68.65 (48.43–78.99) % for LCIV, 45.47 (38.03–57.8) 
% for LEIV, 34.45 (24.44–48.18) % for RCIV and 45.24 
(36.05–57.42) % for REIV. 

In the univariate analysis with regard to common 
iliac veins, there was a statistically significant, moderate 
and negative correlation between LCIV stenosis and 
age of the patients (Fig. 2). None of the other analyzed 
anthropometrics and vascular risk factors had a statis-
tically significant influence on the stenosis of common 
iliac veins. Since none of the patients had diabetes its 
influence could not be analyzed. The details are pre-
sented in Tables 2 and 3. With regard to external iliac 
veins male sex and the presence of hypertension was 
related to lesser LEIV stenosis and there was a statis-

tically significant, moderate and negative correlation 
between LEIV stenosis and weight and BSA (Figs 3, 4). 
None of the other analyzed anthropometrics and vas-
cular risk factors had a statistically significant influence 
on the stenosis of external iliac veins. The details are 
presented in Tables 3 and 4.

The multivariate analysis confirmed a statistically 
significant, negative correlation between LCIV and age  

Figure 1. An intravascular ultrasound (IVUS) images of left common iliac vein (LCIV) and external iliac vein (LEIV) showing  
a minimal lumen area (MLA) (panels A and C) and a reference cross-sectional area (REF) (panels B and D)

Table.1. The prevalence of vascular risk factors in the 
examined group of patients

Clinical factor All 
patients 

n (%)

Female 
group 
n (%)

Male 
group 
n (%)

Hypertension 6 (18.18) 3 (12) 3 (37.5)

Hypercholesterolemia 4 (12.1) 3 (12) 1 (12.5)

Smokers 10 (30.30) 8 (32) 2 (25)

Diabetes 0 (0) 0 (0) 0 (0)
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Figure 2. A scatterplot presenting a correlation between the 
percentage of stenosis of left common iliac vein (LCIV) and 
age of the patients. Spearman coefficient r = –0.47, p = 0.01

Table 2. Stenosis of the left (LCIV) and right (RCIV) common iliac veins in relation to the presence of vascular risk factors

LCIV – % S RCIV – % S

Median (Q1-Q3) p Median (Q1-Q3) p

Men 60.54 (53.49–69.08)
p = 0.254

32.84 (26.98–42.52)
p = 0.984

Women 70.16 (48.43–79.47) 34.45 (21.5–49.76)

Hypertension 59.86 (41.69–69.09)
p = 0.398

37.17 (16.77–49.98)
p = 0.838

No hypertension 68.93 (52.55–79.12) 34.45 (24.62–46.45)

Hypercholesterolemia 71.69 (68.08–74.67)
p = 0.477

15.61 (11.44–29.22)
p = 0.183

No hypercholesterolemia 67.11 (47.31–74.45) 31.39 (26.22–44.64)

Smokers 65.96 (56.67–78.09)
p = 0.432

40.58 (26.69–44.71)
p = 0.967

No smokers 71.51 (61.83–79.47) 34.45 (24.79–49.76)

Table 3. Correlation of stenosis of left common iliac vein (LCIV), left external iliac vein (LEIV), right common iliac vein (RCIV) 
and right external iliac vein (REIV) with anthropometrics

Correation with LCIV – % S LEIV – % S RCIV – % S REIV – % S

Coefficient p Coefficient p Coefficient p Coefficient p

Age –0.466 0.006 –0.258 0.147 –0.08 0.656 –0.048 0.79

height 0.16 0.374 –0.228 0.202 –0.019 0.917 0.283 0.111

weight 0.109 0.545 –0.365 0.036 0.03 0.869 0.046 0.801

BMI –0.028 0.875 –0.234 0.189 –0.102 0.572 0.01 0.956

BSA 0.133 0.459 –0.377 0.031 0.036 0.842 0.097 0.592
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Figure 3. A scatterplot presenting a correlation between the 
percentage of stenosis of left external iliac vein (LEIV) and wei-
ght of the patients. Spearman coefficient r = –0.37, p = 0.04
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(p = 0.029). There was also a borderline statistical 
significance (p = 0.073) trend towards greater LCIV 
stenosis in women. No other statistically significant 
correlations were observed. The details are presented 
in Table 5.

Discussion

To the best of our knowledge, this is the first published 
study that analyzed the association between anthropo-
metrics and vascular risk factors and the occurrence of 
non-thrombotic iliac vein stenosis. To determine the 
presence and severity of iliac vein stenoses an intravas-
cular ultrasound was used that is considered the most 
sensitive modality to diagnose these lesions [9–12]. 
The main findings of this study are that except for age 
and possibly gender there are not relations between 
non-thrombotic iliac veins stenosis and vascular risk 
and anthropometric factors. The multivariate analysis 
confirmed a negative correlation between LCIV and 
age There was also a borderline statistical significance 
trend towards greater LCIV stenosis in women. With 
regard to LEIV though the univariate analysis has shown 
correlations between male sex, hypertension, greater 

Figure 4. A scatterplot presenting a correlation between the 
percentage of stenosis of left external iliac vein (LEIV) and 
body surface area (BSA) of the patients. Spearman coefficient 
r = –0.38, p = 0.03
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Table 4. Stenosis of left (LEIV) and right (REIV) external iliac veins in relation to the presence of vascular risk factors

LEIV – % S REIV – % S

Median (Q1-Q3) p Median (Q1-Q3) p

Men 37.23 (33.64–40.86)
p = 0.036

51.73 (42.9–56.54)
 p = 0.445

Women 52.23 (39.56–62.68) 44.1 (33.01–59.06)

Hypertension 37.23 (21.55–38.28) 
p = 0.027

45.39 (38.66–51.67)
p = 0.633

No hypertension 49.31 (39.54–63.45) 45.24 (35.72–58.98)

Hypercholesterolemia 37.48 (27.9–50.64)
p = 0.477

46.8 (36.75–58)
p = 0.794

No hypercholesterolemia 46.2 (37.88–58.12) 41.5 (32.88–58.94)

Smokers 46.93 (38.36–53.13)
p = 1

54.46 (38.33–56.98)
p=0.483

No smokers 45.47 (36.28–62.68) 42.53 (36.05–58.9)

Table 5. Linear regression model of the influence of vascular risk factors and anthropometrics on the stenosis (S%) of LCIV and 
LEIV in the analyzed group of patients

LCIV – % S LEIV– % S

Coefficient SE t p Coefficient SE t p

Female sex (Males as reference) 20.854 11.192 1.863 p = 0.073 5.921 8.955 0.661 p = 0.514

Age [years] –0.725 0.315 –2.299 p = 0.029 –0.18 0.252 –0.713 p = 0.482

Weight [kg] –1.178 1.299 –0.907 p = 0.372 –0.609 1.039 –0.586 p = 0.563

BSA 121.685 96.656 1.259 p = 0.219 19.772 77.334 0.256 p = 0.8

Hypertension 11.793 11.479 1.027 p = 0.313 –7.874 9.184 –0.857 p = 0.399
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weight and greater BSA and lesser LEIV stenosis, these 
correlations were not confirmed in the multivariate 
analysis which means that none of these factors was an 
independent predictor of LEIV stenosis. Since women 
weigh less, are shorter and are less frequently hyper-
tensive then men it might have pointed to a tendency 
towards greater LEIV stenosis in them. However fur-
ther studies are required to confirm this speculation.

The negative correlation between age and left iliac 
vein stenosis hasbeen previously observed. In a study of 
50 consecutive abdominal computed tomography scans 
performed for abdominal pain a moderate negative 
correlation between left iliac vein compression and 
age, the patients were found [13]. The question arises 
how this negative correlation between LCIV stenosis 
and age that at first glance seems counterintuitive can 
be explained. One would think that with age the ar-
teries become wider, stiffer and more calcified and the 
vertebral column more deformed that would increase 
the compression between these structures. However, 
this not the case. The diameter of iliac artery increases 
with age, but it does not increase the compression of 
LCIV [13]. And as it has been shown in the present study 
the atherosclerotic risk factors such as hypertension, 
hypercholesterolemia and smoking are not associated 
with iliac vein compression. Interesting data comes from 
the study that compared iliac vein compression between 
100 patients with abdominal aortic aneurysm with 100 
patients without an abdominal aneurysm. The iliac vein 
compression was significantly decreased in patients with 
abdominal aortic aneurysm [14]. The authors of that 
study contributed to this finding to increased tortuosity of 
the iliac arteries. But the fact is that the patients without 
abdominal aortic aneurysm were significantly younger 
than those with aneurysm what could be associated with 
greater compression of the iliac vein.

The most probable explanation of decreasing of iliac 
vein compression with age is a change in the geometry 
of the spine. It has been demonstrated that together 
with age there is a loss of lumbar lordosis [15, 16]. And 
this phenomenon may increase the distance between 
vertebral column and iliac artery thus decreasing the 
compression of iliac vein. 

The greater LCIV compression in women was also 
documented in the aforementioned study of 50 con-
secutive abdominal computed tomography scans [13].  
Women also prevail in the groups of patients under-
going stenting of the iliac vein [17]. It was also observed 
that lordosis is greater in women what may explain the 
observed trend towards greater LCIV compression 
[18, 19].

In conclusion, the younger age remains the only 
proved clinical factor associated with non-thrombotic 

iliac vein compression. Further studies are required to 
determine the mechanism of this association and the 
influence of gender.
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Abstract
Introduction: Serum potassium levels have been shown in some animal studies to be associated with the 
process of atherosclerosis. We decided to assess the correlation of serum potassium level in ischemic heart disease 
patients with disease severity and its relationship with prognosis in terms of major acute cardiac events (MACE). 
Material and methods: This was a cross-sectional cohort study carried out at cardiology department of Rehman 
Medical Institute, from July 2016 to 31st Aug. 2018 a period of 26 months. 622 patients were included in the 
study. Clinical and angiographic characteristics were assessed based on the serum potassium level. Correlation of 
serum potassium level with Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery 
(SYNTAX) and Gensini scores was also evaluated. Follow up for MACE was carried out after one year.
Results: Mean serum potassium level was 3.93 ± 0.95 (mEq/l) in coronary artery disease patients. Serum 
potassium level showed negative correlation with SYNTAX score (r = –0.60, p < 0.05) and Gensini score  
(r = –0.64, p < 0.05). There was also a significant difference between low and high potassium level in relation 
to the multi-vessel disease on coronary angiography (p < 0.05). Low potassium level was a good predictor of 
adverse outcomes as shown by Kaplan-Meier analysis. Multivariate Cox regression analysis showed that serum 
potassium level and diabetes were independent predictors of MACE (p < 0.05). 
Conclusion: Low serum potassium level is correlated with more severe coronary atherosclerosis. Low potassium 
levels are associated with significantly poor outcomes.
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Introduction 

Cardiovascular disease is the leading cause of morbidity 
and mortality globally [1]. A lot of research is underway 
to better understand the causes of cardiovascular dis-
ease as well as the means to reduce such an alarming 
incidence. One such modifiable factor which has come 
under light recently is serum potassium level.

Hypokalemia has multiple effects on the myocardi-
um and predisposes to arrhythmias while on the other 
hand hyperkalemia slows down conduction [2]. 

Studies have shown that elevated potassium levels 
induce arterial smooth muscle relaxation and cause 
vasodilatation due to involvement of K+ channels and 
Na+/K+-ATPase [3–6]. Elevated serum potassium 
levels also play a role in the inhibition of platelet ag-
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gregation and arterial thrombus formation, and hence 
coronary atherosclerosis [7–10]. 

However, a few recent studies [11, 12] have demon-
strated the correlation between elevated serum po-
tassium levels and increased atherosclerosis as well as 
the severity of coronary artery disease, which would 
contradict the above-given explanations. So, keeping 
in mind the results of such studies, we hypothesized 
that lower serum potassium may be associated with an 
increased risk of cardiovascular events and mortality.

Material and methods 

This was a cross-sectional (for correlation) and co-
hort (for MACE) study carried out at cardiology depart-
ment of Rehman Medical Institute, Peshawar, which is 
one of the biggest tertiary care hospitals in KPK, Pakistan 
providing 24/7 cath. lab facility, from July 2016 to August 
2018, a period of 26 months. A total of 622 patients were 
included in the study population using universal sampling 
technique. All those patients were included who gave 
consent for inclusion and were admitted or discharged 
with the diagnosis of ischemic heart disease fulfilling the 
criteria of either stable angina, unstable angina or myo-
cardial infarction [13]. Patients who were admitted due 
to non-cardiac causes like severe pneumonia, ARDS, and 
renal failure were excluded from the study population. 
All baseline demographic characteristics including age, 
gender, diabetes, hypertension, body mass index (BMI), 
smoking, alcohol consumption, and medication use were 
noted for each patient from history and hospital records. 
For measured variables, blood samples were taken at 
admission and sent for analysis of serum potassium, 
hemoglobin level, troponin level, CRP level, creatinine, 
and urea, total cholesterol (TC), low-density lipopro-
tein cholesterol (LDL), triglyceride (TG), high-density 
lipoprotein cholesterol (HDL) levels (Cobas B221 and 
6000, Roche-Switzerland). All cases were divided into 
two groups (Low and High potassium groups) based on 
median serum potassium levels.

Definition of risk factors 
and clinical syndromes 

Hypercholesterolemia was diagnosed in patients 
who had been given lipid-lowering medication or had a 
history of total cholesterol levels > 200 mg/dl [14]. Pa-
tients were diagnosed as hypertensive if they were doc-
umented to have a systolic blood pressure 140 mm Hg 
or a diastolic blood pressure 90 mm Hg on more than 
two occasions (but not during the angiogram proce-
dure) or were already on antihypertensive therapy [15].  

Patients were diagnosed with diabetes mellitus if they 
had a documented fasting glucose value > 126 mg/dl  
or HbA1C of >7 on one or more occasion or were tak-

ing insulin or oral hypoglycemic medications for diabe-
tes mellitus. Myocardial infarction (MI) on presentation 
was diagnosed by a history of chest pain, electrocar-
diogram showing new ST-segment/T wave changes or 
new pathological Q waves or new left bundle branch 
block (LBBB), echocardiographic evidence of new 
regional wall motion abnormality and two recordings 
of hs-troponin levels showing rise and/or fall in values 
with at least one value above 99th percentile upper 
reference limit (URL). Body mass index was calculated 
by dividing the weight of the patient in kilograms by 
the square of height in meters. Active Smokers were 
defined as someone who smoked > 100 cigarettes, 
cigars, or pipes in their lifetime and still smoked in the 
last 28 days. Smokers were classified as former only if 
they had smoked > 100 cigarettes, cigars, or pipes in 
their lifetime and has not smoked in the last 28 days 
preceding the date of angiography [16]. 

Angiographic evaluation
Coronary angiography was performed with Selding-

er technique in all the patients [17]. All angiographic 
assessments were done by two independent cardiolo-
gists. In case of difference in opinion, a third cardiologist 
was consulted. Patients were then divided into a con-
trol group (normal coronary vessels) and cases group 
(coronary arteries with the disease). Control group 
included 100 subjects and 622 cases with coronary 
artery stenosis ≥ 50% of the vessel diameter were 
included in the CAD group (622 cases: 371 men and 
251 women). SYNTAX and Gensini scoring systems 
were used to assess the severity of coronary stenosis 
in all cases. In SYNTAX score calculation each coronary 
lesion producing ≥ 50% diameter stenosis in vessels  
≥ 1.5 mm was scored separately using the SYNTAX 
score algorithm available on the Internet from the and 
added to obtain the overall SYNTAX score. Gensini 
score is based on the severity of lesion narrowing, 
number of lesions, lesion location, and influence of 
collaterals [18, 19]. 

Major adverse cardiac events (MACE) for the pur-
poses of follow-up were as follows: (1) acute myocardial 
infarction; (2) decompensated heart failure; (3) target 
vessel revascularization and (4) mortality due to cardiac 
disease [20]. 

This study was evaluated and approved by the Re-
search evaluation and Ethics Committee of Rehman Med-
ical Institute. The study abided by the principles of the 
Declaration of Helsinki. Written and informed consent 
was obtained from each patient included in the study.

Statistical analysis
Data were analyzed for normality using the Kolmogo-
rov-Smirnov (KS) test. Continuous data are presented 
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as means ± SD Between-group comparisons were 
performed using t-test. Categorical data were pre-
sented as percentages and analyzed using c2 test. The 
correlation between serum potassium level, Syntax and 
Gensini scores were examined by Pearson correlation 
analysis. and Kaplan Meyer analysis was used for sur-
vival analysis. Differences with p values < 0.05 were 
considered statistically significant. Multivariate Cox re-
gression analysis was done to examine the independent 
predictors of MACE

Results

General clinical data comparison
Mean serum potassium level was 3.93 ± 0.95 (mEq/l) 
in coronary artery disease patients. Patients were divided 

based median serum potassium level (4 mEq/l) and com-
parison was made of baseline characteristics. There were 
no significant differences in clinical characteristics at base-
line between the two groups with high and low potassium 
levels (p > 0.05) (Table 1). All patients received similar 
medication such as anti-platelets, beta-blockers, Renin An-
giotensin Aldosterone system (RAAS) inhibitors, statins, ni-
trates and diuretics. Patients’ characteristics with and with-
out MACE were also compared which showed a significant 
difference in serum potassium level, BMI, ejection fraction,  
SYNTAX score, Gensini Score and multi-vessel disease 
(p ≤ 0.05) (Table 2).

Angiographic assessment and correlation
Angiographic analysis based on serum potassium level  

demonstrated that there was a significant difference 

Table 1. Baseline characteristics and angiographic features of study groups based on serum potassium levels

Variable Serum potassium (< 4 mEq/l) Serum potassium (4 mEq/l or above)

Number of patients 349 273

Age (years) 63.72 ± 4.35 62.54 ± 10.23

Gender (m/f) 210/139 (60/40%) 161/112 (59/41%)

Ejection fraction (%) 49.98 ± 10.55 49.87 ± 10.35

Blood sugar 147.31 ± 96.06 146.40 ± 80.14 

Serum creatinine 1.01 ± 0.23 1.01 ± 0.22 

Hemoglobin (g/dl) 14.2 ± 1.71 14.39 ± 1.72

BNP (pg/ml) 395.12 ± 629.35 487.12 ± 800.72

Hs-Troponin 3443 ± 4414 4584 ± 5796 

CRP 8.00 ± 11.19 7.91 ± 10.59

Diabetes 122 (35%) 85 (31%)

Hypertension 192 (55%) 158 (58%)

Smoking 105 (30%) 90 (33%)

Hyperlipedemia 98 (28%) 68 (25%)

Anti-Platelet drugs 345 (99%) 273 (100%)

Beta blocker 311 (89%) 235 (86%)

RAAS inhibitors 195 (56%) 145 (53%)

Nitrates 188 (54%) 156 (57%)

Digoxin 70 (20%) 49 (18%)

Diuretics 70 (20%) 46 (17%)

Lipid lowering agents 209 (60%) 169 (62%)

SYNTAX score 37.48 ± 7.28 26.76 ± 6.34*

Gensini score 77.56 ± 13.05 56.46 ± 12.24*

Multi-vessel disease 174/(50%) 96/(35%)*

LAD 220/(63%) 150/(55%)

LCX 157/(45%) 109/(40%)

RCA 132/(38%) 93/(34%)
*P ≤ 0.05; CRP: C-reactive protein; RAA: renin angiotensin aldosterone system inhibitors; LAD: left anterior descending artery; LCX: left circumflex artery; RCA: 
right coronary artery
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between low and high potassium level groups in terms 
of multi-vessel disease, SYNTAX score and Gensini 
score (p < 0.05). The involvement of the type of vessel 
was similar in both groups (p > 0.05) (Table 1).

The mean SYNTAX score all patients was 32.78 ± 
8.70 while the Gensini score was 68.30 ± 16.46. The 
results of Pearson’s correlation indicate that there was  
a significant negative correlation between the concentra-
tion of potassium and SYNTAX score (r = –0.60, p < 0.05).  
and Gensini score (r= –0.64, p < 0.05) (Fig. 1).

Survival and multivariate analysis for MACE 
For analysis, we assessed Kaplan-Meier curves accord-
ing to median value of serum Potassium level (median 

= 4 mEq/l) (Fig. 2). The Kaplan-Meier curves revealed 
a significantly worse cumulative outcome in patients 
with serum Potassium level below 4 mEq/l.

Cumulative MACE for this study was 3.4% (21 pa-
tients). The 180 days mortality was 1.28% (8 patient), 
myocardial infarction 1.76% (11 patients), target vessel 
revascularization was 1.1% (7 patients) and cardiac 
failure was 1.1% (7 patients) (Tables 3, 4).

Discussion

Data from the Systolic Hypertension in the Elderly 
Program (SHEP) [21] trial has shown that normal 
potassium level has significantly reduced hazard ration 

Table 2. Patient characteristics and angiographic features of study groups according to MACE

Variable Patients without MACE Patients with MACE

Number of patients 601 21

Age (years) 61.35 ± 5.62 63.32 ± 8.46

Gender (m/f) 330/271 (55/45%) 12/9 (60/41%)

Serum potassium (< 4 mEq/l) 3.38 ± 0.44 4.62 ± 0.56*

BMI 22.43 ± 1.12 25.11 ± 1.15*

Ejection fraction (%) 54.51 ± 8.14 42.35 ± 7.29*

Blood sugar 140.31 ± 87.27 148.40 ± 72.44 

Serum creatinine 1.11 ± 0.35 1.23 ± 0.28 

Hemoglobin (g/dl) 13.4 ± 1.53 14.38 ± 1.67

BNP (pg/ml) 346.19 ± 601.45 501.17 ± 780.58

Hs-troponin 3566 ± 3942 4731 ± 5385 

CRP 6.00 ± 9.12 8.34 ± 11.89

Diabetes 222 (37%) 13 (62%)*

Hypertension 301 (50%) 12 (57%)

Smoking 186 (31%) 7 (35%)

Hyperlipedemia 144 (24%) 6 (29%)

Anti-platelet drugs 601 (100%) 20 (95%)

Beta blocker 541(90%) 18 (86%)

RAAS inhibitors 330 (55%) 11 (54%)

Nitrates 330 (55%) 12 (57%)

Digoxin 108 (18%) 4 (20%)

Diuretics 150 (25%) 6 (30%)

Lipid lowering agents 360 (60%) 13 (62%)

SYNTAX score 25.48 ± 6.24 39.76 ± 7.37*

Gensini score 57.56 ± 12.16 79.46 ± 10.43*

Multi-vessel disease 204/(34%) 12/(57%)*

LAD 348/(58%) 13/(62%)

LCX 288/(42%) 9/(43%)

RCA 198/(33%) 8/(38%)
*P ≤ 0.05; CRP: C-reactive protein; RAA: renin angiotensin aldosterone system inhibitors; LAD: left anterior descending artery; LCX: left circumflex artery; RCA: 
right coronary artery
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for cardiovascular events including stroke and coro-
nary vessels related events. Moreover, animal studies 
have shown that high potassium diets normalize blood 
pressure and provide protection against atherosclerosis 
in arteries [22].

Increased potassium content in diets plays a role 
reduction of vascular lesions owing to decreased en-
dothelial injuries and less adherence and infiltration of 
macrophages into the vascular wall [11]. 

Other mechanisms explaining the role of increased 
potassium levels in the maintenance of normal blood 

pressure as well as prevention of coronary atheroscle-
rosis are as follows; a) inhibition of platelet aggregation 
and arterial thrombosis; b) reduction in renal vascular 
resistance and increase in glomerular filtration rate;  

Figure 1. Correlation of serum potassium level with (a) SYNTAX score and (b) Gensini score. Pearson’s correlation analysis show 
negative correlation for both [SYNTAX score (r = –0.06) and Gensini score (r = – 0.64)]

Figure 2. Kaplan Meier analysis based on median serum po-
tassium level. A significant difference between low and high 
potassium for adverse outcomes (p < 0.05). Time in number 
of days
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Table 3. Univariate analysis for MACE

Univariate analysis

HR (95%CI) p value

Gender (M vs. F) 1.131 (0.151–3.167) 0.31

Age (≥ 60 vs. < 60) 0.519 (0.212–1.926) 0.32

Serum potassium  
(≥ 4 mEq/l vs. < 4mEq/l)

1.426 (1.077–1.413) 0.02

Ejection fraction  
(≥ 50% vs. < 50%)

1.242 (0.551–1.236) 0.05

Hypertension (present  
vs. absent)

1.986 (0.191–47.626) 0.45

Diabetes (present  
vs. absent)

1.378 (1.107–1.412) 0.03

BMI (≥ 25 vs. < 25) 0.658 (0.421–1.229) 0.19

Smoking (yes vs. no) 1.716 (0.635–66.137) 0.67

Total cholesterol (≥ 200 
mg/dl vs. < 200 mg/dl)

1.109 (0.229–6.443) 0.75

BNP (≥ 100 pg/ml vs.  
< 100 pg/ml)

0.582 (0.316–1.572) 0.37

Troponin (≥ 14 mg/l vs.  
< 14 ng/l)

0.088 (0.087–1.983) 0.31

Creatinine (≥ 1.2 mg/dl  
vs < 1.2 mg/dl)

0.865 (0.794–1.181) 0.28

Family history of CADc 

(present vs. absent)
1.927 (0.251–59.172) 0.43

Multi-vessel disease  
(present vs. absent)

0.229 (0.026–67.472) 0.14

BMI: body mass index; BNP: basic natriuretic peptide; CAD: coronary artery 
disease
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c) inhibition of free radical formation from vascular en-
dothelial cells and macrophages; d) inhibition of vascular 
smooth muscle cell proliferation; and e) suppression of 
reactive oxygen species overproduction [23]. 

Such established findings are in contradiction to 
two previous studies [11, 12] which have reported that 
hyperkalemia is associated with increased atherosclero-
sis. Multiple factors can affect serum potassium levels 
including renal function, dietary intake, hormonal status, 
renin-angiotensin–aldosterone system, heart failure, 
myocardial infarction and drugs. The major limitation 
in the study conducted by Cavusoglu et al. [11] was 
that they only included subjects of the male gender. 
Diane et al. [24] previously reported that male sex was 
associated with higher potassium levels as compared 
to females. This could have clearly affected the results 
obtained by Cavusoglu and his research team. 

In the second study conducted by Guang et al. [12]  
the study group has no patients with myocardial infarc-
tion. Although studies have shown that in acute stress 
such as myocardial infarction, the potassium level is 
higher due to various mechanisms involving necrosis 
induced activation of aldosterone system and sympa-
thetic-adrenal induced involvement of sodium-potassi-
um pumps [25–27]. But by the exclusion of such group 
from the study also means that patients with more 
severe could not be assessed for the observed results.

We, in our study, not only included subjects of 
both genders but also myocardial infarction patients 
along with patients of chronic and stable coronary 
artery disease. We believe such a study group would  
a better understanding of patients in real-life situation. 
Moreover, we in our study not only assessed severity of 
coronary atherosclerosis not only by Gensini score which 
assesses the severity of coronary vasculature on the an-
atomical basis and has been described elsewhere [19],  
but also SYNTAX score which is well-established sys-

tem for quantification of coronary lesions as well as for 
prediction of major adverse cardiac events (MACE) in 
patients undergoing percutaneous coronary interven-
tion (PCI) [18, 28–30]. Such measures were taken in or-
der to ensure more reliable and comprehensive results.

Limitations
It is a single centered study and was not designed to 
interpret results based on ethnicity and dietary habits. 
Selecting a large population with multi-centered study 
would address such concerns.

Conclusion

Serum potassium level is lower in coronary artery 
disease and is correlated with severity of atheroscle-
rosis on coronary angiography. Serum potassium is an 
independent predictor of adverse outcomes in coronary 
artery disease patients.
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Abstract
Isolated distal deep vein thrombosis (IDDVT) accounts for approximately 50% of all patients diagnosed with 
DVT. While the definitive management of patients with proximal deep vein thrombosis is fairly well defined, 
IDDVT remains shrouded uncertainty. The great majority of patients with IDDVT may remain with little or no 
symptoms and have spontaneous resolution of the thrombi. However, a small but significant fraction may show 
proximal thrombus extension and may proceed to cause pulmonary embolism or late deep venous reflux. 
Identification of this subgroup of patients with IDDVT who have a greater propensity for thrombus extension or 
further sequelae remains the cornerstone of individualized management for optimal results.

Key words: deep vein thrombosis, pulmonary embolism, calf vein thrombus, venous 
thromboembolism 
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Introduction

Systemic anticoagulation remains the standard of care 
in managing proximal deep vein thrombosis (PDVT). 
However, the optimal management of isolated distal 
deep vein thrombosis (IDDVT) remains heavily debated 
and controversial. IDDVT refers to the deep venous 
thrombi occurring in the veins distal to and not involving 
the popliteal vein. These include the tibial and peroneal 
veins as well as the intramuscular venous plexus of 
soleus and gastrocnemius muscles. At present, there 
is no clear consensus among clinicians regarding the 
clinical significance nor the optimal management of 
IDDVT. While some argue the probability of proximal 
propagation, risk of pulmonary embolism (PE) and late 
post-thrombotic syndrome (PTS) in untreated IDDVT, 
others argue that it is primarily a self-limiting benign 
disease and routine treatment is ‘overkill’. Hence, an 
informed precise decision needs to be made regarding 
the management of IDDVT on an individual basis. This 
requires balancing the benefits of avoiding short and 
long-term sequelae by anti-coagulation against potential 

adverse effects of the treatment and economic burden 
of such treatment. This update will attempt to revisit 
the said areas of controversy with a look at the available 
evidence regarding the optimal management of IDDVT.

Epidemiology
The estimated annual incidence of deep vein thrombosis 
(DVT), both PDVT and IDDVT, is approximately 1 in 
1000 adults[1]and recurs frequently. VTE is a complex 
(multifactorial. Among the diagnosed patients with DVT 
and PE, the mean prevalence of IDDVT is estimated 
to be around 50% (20–70%) [1]and recurs frequently. 
VTE is a complex (multifactorial. However, this could 
be a gross underestimate as the majority of patients 
with IDDVT remain asymptomatic and may not present 
to hospital, contributing to under-reporting. The wide 
variability in IDDVT prevalence across the literature is 
attributed to the lack of consensus on reporting the pa-
tient cohort (symptomatic vs asymptomatic and in-pa-
tient vs out-patient). There is further discordance in 
the modality of diagnostic imaging (duplex ultra-sound 
— DUS vs venography) used in the diagnosis of IDDVT. 
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The immediate danger of DVT is the risk of prop-
agation and PE. Therefore, the primary debate re-
garding management of IDDVT revolves around the 
possibility and prevention of PE and associated other 
complications. According to the Center for Disease 
Control (CDC) data in the United States, reviewed 
in 2020, the annual estimated deaths due to PE range 
between 60,000 to 100,000 [2]. Accordingly, PE is seen 
as a bigger contributor to annual mortality than motor 
accidents, breast carcinoma and HIV combined. Wei et 
al. [3] studied the prevalence of IDDVT among hospital-
ized patients with diagnosed DVT and PE (collectively 
referred to as venous thromboembolism; VTE). They 
reported an IDDVT prevalence of 25% among all 
patients with diagnosed PE. In an earlier publication, 
Mattos et al. [4], reported an IDDVT prevalence of 
45% among outpatients and 27% among in-patients 
with confirmed VTE. According to a comprehensive 
study on DUS based DVT diagnoses, Sapp et al. [5] 
reported that simultaneous calf vein DVT is found in 
over 98% of patients diagnosed with PDVT. The inci-
dence of true IDDVT was 54%, indicating that unless 
targeted imaging of the calf veins is performed, over 
half the patients with DVT would be missed and a false 
negative report would ensue.

Diagnosis
Given the high prevalence of IDDVT among patients who 
require hospitalization for VTE, it is imperative that the 
diagnostic modality used in VTE can detect IDDVT in the 
absence of PDVT. However, diagnosis of IDDVT itself 
poses numerous issues. While the vast majority of pa-
tients may remain asymptomatic till proximal thrombus 
extension, even those who do develop symptoms may 
have negative test results due to the reduced sensitivity 
of available diagnostic tools. The Wells prediction rule 
is globally accepted as a pre-test prediction tool in the 
diagnosis of both DVT and PE [6]. However, the accuracy 
of the Wells score in predicting the stand-alone IDDVT 
sub-population is questionable and is considered more 
predictive only in the presence of proximal DVT [7]. 
Sartori et al. [8] found that in IDDVT, the sensitivity of 
Wells predictive rule was only 47% with a specificity 
of only 74%. The corresponding negative and positive 
predictive values for IDDVT were 91% and 20% respec-
tively. Serum D-dimer testing is well established as an 
excellent predictive tool in the diagnosis of VTE, with a 
reported sensitivity > 92% although with a poor spec-
ificity of 45% [9]. However, here again, the usefulness 
of D-dimer in the diagnosis of IDDVT is limited with a 
reported sensitivity of only 84% [8].

DUS is the commonest imaging modality used in the 
confirmation of DVT. The reported sensitivity of DUS in 
the diagnosis of IDDVT is significantly lower than that 

of PDVT. According to a meta-analysis by Goodacre et 
al. [10], the sensitivities of DUS in diagnosing PDVT 
and IDDVT were 96% and 71% respectively. Another 
recent meta-analysis by Zhang et al. [11] actually found 
the sensitivity of DUS in diagnosing IDDVT to be as low 
as 43%. This stark contrast in diagnostic sensitivities of 
available predictive and diagnostic tools for PDVT and 
IDDVT, underlines the issues inherent to the accurate 
diagnosis of IDDVT. 

When using DUS, two common imaging protocols 
have been described for the diagnosis of DVT. The 
first is to perform a limited scan of the proximal veins, 
targeting the popliteal vein and above, where the di-
agnostic sensitivity is very high. However, this targeted 
proximal scan will miss those with IDDVT, that amounts 
to 20–70% of all patients with DVT [12]. While those 
who become positive on the proximal scan are treated 
as for DVT, the ‘high-risk’ patients with a negative scan 
get a repeat scan of the proximal veins after one week. 
This repeat scan is performed with the intention of 
picking any IDDVT which may have propagated to the 
popliteal vein after one week. The rationale behind this 
protocol of imaging is that the PDVT are picked up in 
the first scan and any clinically significant IDDVTs that 
show proximal extension are picked up on the second 
scan. Any such proximal extension of IDDVT is known 
to occur within 5–7 days while the others are known 
to resolve spontaneously, thereby being considered 
clinically insignificant. The second imaging strategy is to 
perform a whole lower limb scan (inguinal ligament to 
ankle) as a single test in an effort to diagnose all DVT 
including IDDVT. While this second strategy allows for 
more IDDVTs to be picked up early, doubts exist regard-
ing its relevance in the absence of proximal extension. 
Furthermore, due to the inherent low sensitivity of DUS 
in detecting IDDVT, a fair number of such patients are 
likely to be missed on the whole limb scan. The lack 
of a clear protocol on DUS for DVT diagnosis has led 
to misinterpretation and variability in reporting among 
individual radiologists, literature and institutions [7].

In 2018, A multi-disciplinary consensus meeting was 
held that included the Society of Radiologists, Society 
for Vascular Ultrasound and American College of Radi-
ologists, to formulate guidelines on DUS for diagnosis 
of DVT [13]. Accordingly, a consensus guideline was 
issued that recommends complete leg scanning from 
inguinal ligament to ankle including tibial and calf veins 
with compression at 2 cm intervals. A consensus was 
also reached regarding the need and place for follow up 
DUS after an initial positive or negative scan (Table 1).

Natural history and complications
The study by Sapp et al. [5] mentioned above also con-
tributed to the growing opinion that all DVT originates in 
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the calf veins. However, it is also postulated that although 
it originates in the calf veins, the majority do not present 
or experience symptoms until the thrombus has already 
propagated to the popliteal vein or proximally [14]  
and most probably resolve spontaneously. Thrombi that 
remain confined to the calf rarely cause leg symptoms 
or symptomatic pulmonary embolism (PE). This results 
in a gross underestimate on the prevalence of IDDVT as 
well as the limitation in the number of studies available 
that deals with IDDVT alone in terms of its sequelae. 
Conversely, there is a different school of thought that 
considers IDDVT as a separate entity and compares it 
with isolated proximal PDVT.

Two major epidemiological studies have been 
published that compared the individual risk factors for 
PDVT and IDDVT; the OPTIMEV study and RIETE regis-
try [15, 16] clinical presentation and estimated 3-month 
survival for each form of VTE were evaluated. Results: 
Of 5889 patients, 426 had PE. Both studies described 
IDDVT associated more with transient risk factors such 
as recent surgical procedure, immobilization, hospitali-
zation, long-distance travel etc. On the contrary, PDVT 
was associated more with chronic risk factors such 
as thrombophilia, malignancy and congestive cardiac 
failure (Table 2).

The vast majority of IDDVT is thought to resolve 
spontaneously without ever causing significant symp-
toms. Although PE with IDDVT in the absence of proxi-
mal propagation has been observed, the risk of PE is dra-
matically increased only after proximal propagation [17].  
This emphasizes the importance of understanding  
the natural history of IDDVT with possible early rec-

ognition in an effort to minimize proximal extension. 
Although the associated risk is significantly lower than 
with PDVT, the possibility of PE and long-term PTS 
should always be borne in mind during the assessment 
of IDDVT.

Proximal extension
While the vast majority of IDDVT will resolve spontane-
ously without propagation, proximal extension into the 
popliteal veins remains the commonest complication. 
The reported rates of the proximal extension are highly 
variable due to the heterogeneous nature of study 
populations, diagnostic methods and treatment plans 
among study groups. A systematic review by Garry et 
al. [18] studied over 12 papers that discussed the rate 

Table 1. Duplex Ultra Sound scan protocol in the presence of suspected IDDVT. Adapted from Needleman et al. [13]

A. Initial positive whole leg DUS

Clinical condition Recommendation

IDDVT — untreated Repeat DUS in 1 week (or earlier if symptoms progress)
Start treatment if propagated to the popliteal vein
If no propagation at 1 week, repeat scan at 2 weeks
If still no propagation at 2 weeks, no further scan warranted

IDDVT — treated Repeat scan not indicated 
B. Initial negative whole leg DUS

Clinical condition Recommendation

Persistent/worsening symptoms Repeat DUS in 5–7 days

‘High risk’ for DVT (hospitalized, active cancer, post-operative etc.) Consider repeat scan unless another viable aetiology for 
symptoms has been established

Incomplete study/technical failure Repeat scan in 5–7 days

Suspected ileo-caval DVT Specialized imaging (CT/MR venography)

CT: computed tomography; MR: magnetic resonance

Table 2. Risk factors for proximal extension of calf vein 
thrombus

Isolated distal deep vein thrombosis. Risk factors for 
proximal extension

1. Positive D-dimer result

2. Extensive thrombus (> 5 cm in length)

3. Involvement of multiple veins

4. Thrombus diameter > 7 mm

5. Close proximity to the proximal (popliteal) vein

6. Unprovoked DVT

7. Active malignancy

8. Prior history of VTE

9. In-patient status (hospitalized)
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of proximal extension of IDDVT to be between 0–35% 
(mean 8.9%). Other studies have previously stated 
higher rates of proximal extension around 25%, with-
in 1–2 weeks of presentation [14]and most probably  
resolve spontaneously. Thrombi that remain confined  
to the calf rarely cause leg symptoms or symptomatic 
PE. Hence, the overall rate of proximal extension  
is likely to be between 10–20% of all IDDVT. Further-
more, such proximal extension, if it occurs, is likely to 
occur within the first 1–2 weeks from onset, giving rise 
to the current practice of DUS surveillance for 2 weeks 
in those patients who do not undergo anti-coagulation. 
Identification of the ‘high-risk’ sub-group (Table 2) who 
are likely to have proximal extension allows selective 
ant-coagulation in such patients [19]. 

Pulmonary embolism
The afore-mentioned review by Garry et al. looked at 
over 8 studies that described the risk of PE from IDDVT. 
The reported rates of PE varied between 0–5.8% with 
a mean of 1.4% and is significantly lower compared 
to PDVT [18]. There were no reported PE-related 
deaths in any of the studies. This becomes an important 
determining factor in the decision regarding treatment 
of IDDVT, as the sole basis for treating such patients 
actively as opposed to DUS surveillance is based on the 
immediate risk of PE. Nevertheless, the fact that a small 
fraction of these patients can actually have PE without 
proximal thrombus extension needs to be considered 
in the final decision regarding treatment.

Recurrent thromboembolism
Another controversial aspect of the management 

of IDDVT is the risk of recurrent VTE compared to 
patients with PDVT. Galanaud et al. [20] compared 
the risk of recurrent VTE in those with PDVT versus 
IDDVT, 3 years after discontinuation of anticoagulation. 
The risk of recurrent DVT was significantly lower in the 
IDDVT group (5.2% vs. 2.7%), while the corresponding 
risk of PE was similar in both groups (1% vs. 0.9%).  
A subgroup analysis found that among those with  
IDDVT, age > 50 years, unprovoked IDDVT and 
involvement of > 1 calf vein were associated with  
a higher risk of recurrence. In a separate study, Sartori 
et al. [21] described that male gender and the presence 
of coexisting active malignancy were associated with 
a higher risk of recurrence after IDDVT. Another sin-
gle-center study that enrolled over 800 patients with 
a first episode of DVT with a mean follow up of 7.6 
years found that IDDVT carried a significantly lower 
risk of recurrent VTE and death compared to IPDVT 
[22]. Table 3 summarizes the risk factors for recurrence 
after IDDVT. 

Post-thrombotic syndrome (PTS)
The risk of PTS after PDVT is estimated to be around 
40% according to the Villata scale [23]. The definitive 
incidence of PTS after IDDVT is not clearly defined. 
Available data suggest that patients with IDDVT expe-
rience far fewer symptoms of PTS compared to those 
with PDVT [24, 25]. Meissner et al. [24] reported that at 
1-year post-diagnosis, 23% of patients with IDDVT still 
had symptoms of pain and swelling in the affected leg. 
This contrasts with PDVT, where up to 54% are found 
to be having residual symptoms at 1 year follow up.

McLafferty et al. [26] studied the long term hae-
modynamic effects following IDDVT and described the 
persistence of deep vein reflux in approximately 1/3 
of patients after 3.4 years of follow-up. Interestingly, 
these changes were seen predominantly in proximal 
venous segments that did not appear to have thrombi 
in the initial DUS. Hence, they postulated the resulting 
reflux was caused by previously unseen occult thrombi 
co-existent with the IDDVT. The CACTUS-PTS study 
(2020) studied the long-term effects, after 6 years 
since the first episode of IDDVT. The results showed 
an overall PTS incidence of 30%, still considerably less 
than the reported values for patients after PDVT [27].

Management

Do all patients with IDDVT require treatment?
While the majority of IDDVT may be self-limiting, the 
preceding discussion shows that a fair proportion of 
patients go on to develop significant complications 
including proximal extension, PE, recurrent VTE and 
late PTS. The said adverse sequelae are commoner in 
a subset of patients who carry ‘high risk ‘characteris-
tics and are left untreated. Hence, a clear distinction 
needs to be made with regards to the identification of 
the said ‘high-risk’ subgroup and initiation of definitive 
treatment over serial DUS surveillance. While there is 
no uncertainty with regards to the treatment of PDVT, 
the decision is often debated in IDDVT due to the po-
tential to do more harm by systemic anti-coagulation. 

Table 3. Risk factors for VTE recurrence after IDDVT

Isolated distal deep vein thrombosis. Risk factors for VTE 
recurrence

1. Age > 50 yrs

2. Unprovoked IDDVT

3. Involvement of 2 or more calf veins

4. Male gender

5. Active malignancy
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The American College of Chest Physicians (ACCP) 
Consensus Conference in 2008 on the management of 
DVT failed to distinguish between IDDVT and PDVT, 
recommending anti-coagulation for a minimum of  
3 months for all patients with DVT [28]. The latest 
ACCP consensus (2016) was more descriptive in its 
plan for PDVT and IDDVT separately [19]. Accordingly, 
it recommends identifying the subgroup of patients 
with IDDVT having ‘high-risk’ of thrombus extension 
(Table 2). These patients, as well as, those having severe 
symptoms are recommended therapeutic anti-coagu-
lation over serial DUS monitoring. Conversely, those 
patients who do not have high-risk factors for thrombus 
extension or and are not severely symptomatic can be 
managed with weekly DUS surveillance. However, both 
these recommendations were classified grade-2C based 
on a weak evidence base. Hence, the exact therapeutic 
approach in a given situation with IDDVT remains heav-
ily debated and leaves room for tremendous individual 
variations in practice. 

Anti-coagulation
Once a decision was made to start anti-coagulation, the 
recommended duration of therapy was a minimum of 
3 months, the same as for PDVT [19]. In the subgroup 
of patients where therapeutic anti-coagulation is not 
commenced and are monitored by serial DUS, initiation 
of treatment is recommended only if there is a proximal 
extension on repeat imaging. The choice of anti-coagu-
lation agent can be based on individual preference and 
feasibility ranging from low molecular weight heparin 
(LMWH), vitamin-K antagonists (warfarin) or one of 
the novel oral anti-coagulants such as rivaroxaban or 
apixaban. The use of compression stockings was not 
routinely recommended in the absence of clear benefit 
in reducing the incidence of PTS. However, it was stated 
that stockings may be used on an individual basis for 
symptom relief [29]singlecentre studies without pla-
cebo control. We aimed to assess the efficacy of ECS, 
compared with placebo stockings, for the prevention 
of PTS. Methods We did a multicentre randomised 
placebo-controlled trial of active versus placebo ECS 
used for 2 years to prevent PTS after a first proximal 
DVT in centres in Canada and the USA. Patients were 
randomly assigned to study groups with a web-based 
randomisation system. Patients presenting with a first 
symptomatic, proximal DVT were potentially eligible 
to participate. They were excluded if the use of com-
pression stockings was contraindicated, they had an 
expected lifespan of less than 6 months, geographical 
inaccessibility precluded return for follow-up visits, 
they were unable to apply stockings, or they received 
thrombolytic therapy for the initial treatment of acute 
DVT. The primary outcome was PTS diagnosed at  

6 months or later using Ginsbergs criteria (leg pain and 
swelling of ≥ 1 month duration. 

What is the optimal duration 
of anti-coagulation?
Due to the relatively poor evidence base behind the 
above ACCP recommendations, individual practices in 
IDDVT management still vary with no clear consensus. 
In his publication, Palareti argues that it is impossible 
to classify patients as asymptomatic IDDVT, as when  
a patient is either referred to or presents to hospital for 
DUS to exclude DVT, he/she is invariably symptomatic [30].  
He goes on to point out that once IDDVT is diagnosed 
and the diagnosis is informed to the patient, they are 
likely to request some form of treatment, at least 
for symptomatic relief. Hence, in his perspective, 
he recommends treatment for all patients diagnosed 
with IDDVT, with possibly a shorter duration (4–6 
weeks) for those deemed ‘low-risk’. He defines this 
‘low-risk’ subgroup as those having the first episode of 
DVT, provoked by a reversible risk factor and are not 
hospitalized or immobilized. This abbreviated 6-week 
regime has also been recommended by other studies 
who found it as effective as the standard duration of 12 
weeks. Pinede et al. (DOVTAK tria-2001) [31] reported 
no advantage of a 12-week treatment schedule over 
the abbreviated 6-week course. Conversely, Ferrara 
et al. [32] reported a significantly higher rate of prox-
imal thrombus extension with 6 weeks treatment as 
opposed to 12 weeks, especially among those with  
2 or more calf veins involved. A meta-analysis by Franco 
et al. [33] also found a significantly lower rate of VTE 
recurrence among those who were treated for 12 
weeks as opposed to 6 weeks.

The ongoing debate
The question of whether all patients diagnosed with 
IDDVT require anti-coagulant therapy remains one of 
the biggest conundrums in clinical practice. To date, 
there appears to be no final solution with conflicting 
reports from available studies, especially in the ‘low-
risk’ patient with the first episode of IDDVT. Few pro-
spective randomized studies have assessed the efficacy 
of anti-coagulation versus serial DUS and selective 
treatment in IDDVT. 

Schwarz et al. [34] compared 10 days of LMWH with 
3 months of compression therapy versus compression 
therapy alone. The study failed to show any superior-
ity of this short duration LMWH therapy in reducing 
proximal extension or PE among the ‘low-risk’ patients 
with IDDVT. The CACTUS study was a randomized 
double-blind placebo-controlled study looking at 
standard anticoagulation for the same ‘low-risk’ patient 
population [35]. The study had to be prematurely ter-
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minated due to expiry of the study drug before reaching 
the desired level of recruitment and hence carries low 
predictive value. However, from the intention to treat 
analysis, LMWH (nadroparin) for 6 weeks was found 
to be not superior to placebo in preventing proximal 
clot extension or reducing the incidence of PE. The 
treatment arm was actually found to have significantly 
higher rates of major as well as non-major bleeding 
events; risk difference 4.1% (95% CI 0.4 to 9.2;  
p = 0.0255). In a comprehensive meta-analysis by 
Franco et al. [33], the authors reported a significantly 
lower risk of VTE recurrence as well as PE in those 
who were treated with LMWH or oral anti-coagulants 
compared to no treatment with serial DUS only. They 
also reported no significant increase in major bleeding 
episodes among those who underwent anti-coagulation. 

The most recent Cochrane review (2020) by Kirkile-
sis et al. [36] looked at the evidence for anti-coagulation 
against no-treatment or placebo in IDDVT. It concluded 
that the overall rate of VTE and DVT recurrence was 
reduced in those who underwent anti-coagulation 
compared to those in the placebo group or no-treat-
ment group. However, there was no clear advantage 
of anti-coagulation in terms of prevention of PE. As for 
the duration of anti-coagulation, there was no difference 
between groups treated for 6 weeks as opposed to 12 
weeks. Similar to the analysis by Franco and colleagues, 
this also found no significant difference in major bleeding 
episodes with the anti-coagulation. However, there was 
an increased incidence of clinically relevant, non-major 
bleeding.

Conclusions

While therapeutic anti-coagulation remains the bench-
mark in management of PDVT, the place and need for 
anti-coagulation in IDDVT remain a clinical conundrum. 
IDDVT remains an extremely common clinical condi-
tion accounting to approximately 50% of all diagnosed 
patients with DVT. Nevertheless, the number of good 
quality prospective randomized trials studying the place 
of routine anti-coagulation in IDDVT are few. Further-
more, as shown above, findings from these available 
studies are conflicting and do not offer clear guidance 
in formulating a management protocol.

While some studies show a benefit in anti-coag-
ulation for all patients detected with IDDVT, other 
studies concluded that such treatment did not show 
any conclusive benefit over no intervention and possi-
bly carries a higher risk of clinically significant bleeding 
episodes. Given the uncertainty and the lack of quality 
data to offer conclusive evidence, the final decision lies 
with the treating clinician to decide on an individualized 
plan of management. Those with severe symptoms, 

recurrent DVT or considered ‘high-risk’ for thrombus 
extension would benefit by therapeutic anti-coagulation 
over serial DUS monitoring. On the contrary, a careful 
assessment of risk-benefit balance is required in the 
low-risk patient with minimal symptoms where the 
probable benefit of anti-coagulation has to be balanced 
against potential adverse effects such as clinically signif-
icant bleeding. Such low-risk patients with IDDVT are 
possibly best managed by serial DUS screening if the 
logistics for such screening and follow up are feasible. 
Possible treatment of such patients with prophylactic 
dose anti-coagulation rather than therapeutic doses is 
a possible trade-off between minimising the bleeding 
risk and achieving the desired anti-coagulant effect. 
However, such interventions have not yet been tested 
in large scale studies at present time. 
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Abstract
Retained neuroprotection filter after carotid stenting (CAS) is an extremely rare complication. We report the 
case of a 61-year old patient with an accidentally retained neuroprotection filter after urgent CAS. The patient 
did not consent to open surgical removal of the retained basket. We did not observe any flow disturbances in 
the filter and the patient remains asymptomatic in ten years follow-up. In some cases, the neuroprotection 
filter left in the internal carotid artery may not cause cerebral flow disturbances or occlusion of the stent. In 
case of the poor neurological or general condition of the patient, we can wait for its improvement or stenting.

Key words: carotid stenting, embolic protection filter, retained neuroprotection, acute stroke, 
thrombolysis
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Introduction

The use of cerebral protection device (CPD) during CAS 
is a standard procedure [1, 2]. However, using distal 
CPD may be associated with complications [3–5]. Some 
meta-analysis found no evidence that CPD usage was 
associated with reduced perioperative stroke rates [6].  
Retained neuroprotection filter after stenting of the 
internal carotid artery is an extremely rare complica-
tion but requires reintervention. Instruction for use 
does not include leaving the filter after the procedure 
in the artery.

This article was conducted according to the rec-
ommendations of the CARE — case report guidelines.

Case report

We report herein the case of a patient with a history of 
ischemic stroke, intravenous thrombolysis and stenting 
of the right ICA stenosis complicated by accidentally re-

tained neuroprotection filter above the stent. Informed 
consent has been obtained from the patient for pub-
lication of the case report and accompanying images.

In October 2008, a 61-year-old man suffered a right 
hemispheric stroke (Table 1). Intracranial bleeding was 
excluded on computed tomography (CT). An ischemic 
stroke was confirmed by magnetic resonance imaging 
(MR-DWI). Occlusion of the right ICA was found in 
duplex ultrasound (DUS).

The patient underwent intravenous thrombolysis. 
Alteplase (Actilyse-Boehringer-Ingelheim) — a dose 
of 0.9 mg/kg/h, following a 10 mg intravenous bolus 
injection for one hour. A significant reduction of the 
left hemiparesis was observed. 90% stenosis of the 
right ICA was found in DUS. In the following hours 
the symptoms, however, intensified. Arteriography 
showed occlusion of this artery. Alteplase was therefore 
administered via a vascular sheet positioned in the right 
common carotid artery, in two boluses of 5mg each, 
with an interval of 2 minutes. Repeat arteriogram con-
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firmed patency of the right ICA with 90% stenosis. An 
Accunet (Abbott Vascular) CPD was deployed, followed 
by implantation of an Acculink (Abbott Vascular) 6–8/ 
/30 mm stent. Then we used a recovery catheter and we 
removed it from the carotid artery after (as we thought) 
folding the basket. The patient did not cooperate during 
the procedure and we had no chance to angiographically 
control all this process. During CPD removal, the filter 
and guidewire were disconnected. Filter has stayed in 
artery. Control angiography showed a well-positioned, 
patent stent and excellent cerebral flow. Arteriogram 
also confirmed a retained neuroprotection filter above 
the stent. Due to the poor general and neurological 
condition of the patient no open surgical removal of 
the filter was attempted at this time. 

The patient recovered without important complica-
tions. Clopidogrel (1 × 75 mg), ASA (1 × 75 mg) and 
Enoxaparine (1 × 40 mg) were administered postop-
eratively and he was discharged five days after CAS. 
The patient did not consent to elective filter removal.

DUS performed at 3-month intervals showed  
a patent stent without any relevant stenosis. Control 
CTA was performed in 2013 and 2018 (Fig. 1A). In 
October of 2016, he underwent CAS due to a 75% 
asymptomatic left ICA stenosis, without any compli-
cations. A right ICA angiography showed no evidence 
of stenosis nor migration of the filter (Fig. 1B). Eleven 
years after CAS and retained filter the patient remained 
asymptomatic with patent RICA (Figs 2A, B).

Discussion 

Using a distal CPD during CAS may be challenging 
due to the ICA anatomy, the type of filter and the 
technical skill required of interventionists [7, 8]. The 
most common causes of difficult retrieval of CPD are 
strongly calcified plaques, residual in-stent stenosis, 
carotid tortuosity and re-CAS due to stent fracture 
[9–12]. Neurological complications may occur due to 
vasospasm, filter thrombosis, cerebral embolism or 
carotid artery dissection [13, 14] 

The first choice in the retrieval of entangled CPD is 
endovascular technique, effective in most cases [15, 16].  
In case of failure, conversion to open surgery is nec-
essary [17–19]. In the available literature, both tech-
niques are burdened with a small percentage of serious 
complications.

Our complication is very rare, but the risk of de-
vice entrapment should be considered during stenting 
procedures. We found a similar case described in the 
ARCHeR3 study [20]. The interventionist implanted 
stent pressing the basket to the artery wall. There was 
no description as to whether IFU was followed at the 
time of surgery. In our case, the neuroprotection basket 
was on the upper edge of the stent. It was against the 
IFU. On the other hand, the patient was not cooperated 
during the procedure, the effect of which basket be-
came entangled with the deployed stent and detached 
from the guide wire during the retrieval attempt.  

Table1. Patient characteristic data

Sex Male

Age 61

Weight 95 kg

Height 185 cm

BMI 27.8

ABI 1.1

Hba1c < 6.5%

Neurological symptoms TIA — weeks before CAS RICA
Stroke — immediately before CAS RICA 

Commorbidities
Nicotinism

Hypertension, Diabetes — insulin dependent
No

Neurological status

NIHSS Scale Modified Rankin Scale

Before trombolysis 11 5

After CAS RICA 5 3

Current status (02.12.2020) 2 1
BMI: body mass index; ABI: ankle brachial index; Hba: glycosylated haemoglobin; TIA: transient ischemic attack; CAS: carotid artery stenting; RICA: right internal  
carotid artery; NIHSS: The National Institutes of Health Stroke Scale
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A guidewire connected to the basket would give  
a chance for endovascular removal of the device.

Filter of the distal CPD is not suitable to leave it in 
situ like, such for example, vena cava filters. According 
to many authors, there is a huge risk of occlusion of 
the filter caused by thrombosis and occlusion of filter 
pores by embolization and hyperplasia. However, these 
observations concern acute, intraoperative occlusion 

[5, 16]. We did not find results regarding late carotid 
filter patency in the literature.

Application of the conversion to the open surgery 
or filter stenting should depend on the condition 
of the patient. Lack of patient cooperation was the 
main factor causing insufficient control in subsequent 
stages of the procedure. In the case of significant flow 
restriction by neuroprotection or the appearance of 

Figure 2. A — retained neuroprotection filter (arrow); B — retained neuroprotection filter (arrow)

Figure 1. A — computed tomography angiography of the right carotid arteries — 10 years after RICA stenting. White arrow —  
a place of the retained filter; B — angiography of the right carotid arteries — 8 years after RICA stenting. Black arrow — a place 
of the retained filter
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neurological symptoms, we will propose the patient 
surgical treatment.

Conclusion

The removal of neuroprotection filter left in carotid 
artery does not have to be done at all costs- in some 
cases it is more reasonable to adopt a strategy „watch 
and wait”.
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Abstract
Thoracic endovascular aortic repair (TEVAR) is a method of choice in the treatment of thoracic aorta aneurysms 
and dissections. In case of a thoracoabdominal aneurysm, endovascular treatment is also being chosen more 
often, especially in patients with multimorbidity. Despite better results and less invasiveness in comparison to 
classic open surgery, endovascular treatment is also associated with complications. One of the rarer and usually 
fatal complications are aortoesophageal fistula (AEF). We present two cases, in which TEVAR complication 
was AEF. Case 1 was an 87-year-old woman with a history of TEVAR 5 years earlier, who presented increased 
inflammation parameters, massive gastrointestinal bleeding, and progressive anemia. Case 2 was a 66-year-old 
woman with a history of TEVAR 6 months earlier, who on admission presented medium increased inflammatory 
markers and anemia. None of the patients was qualified for surgical treatment. Both patient 1 and patient 2 
died during hospitalization. Diagnostic imaging plays a key role in the diagnosis of AEF. CT angiography performed 
in patients with AEF can show the presence of gas in the sac of aneurysm as a result of infection, a defect in 
the aortic wall, or thickened esophagus with fluid level. CT angiography of the aorta combined with esophago-
gastroduodenoscopy (EGD) and contrast-enhanced X-ray examination of the gastrointestinal tract, enables 
to confirm or exclude the diagnosis of AEF. Atypical clinical feature and increased parameters of inflammation 
in patients with the history of TEVAR should always suggest the presence of AEF. 

Key words: computer tomography, aortoesophageal fistula, aortobronchial fistula 
esophagogastroduodenoscopy, thoracic endovascular aortic repair
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Introduction

Thoracic endovascular aortic repair (TEVAR) is a 
method of choice in the treatment of thoracic aorta 
aneurysms and dissections. In case of thoracoabdominal 
aneurysm, endovascular treatment is also being chosen 
more often, especially in patients with multimorbidity. 
Despite better results and less invasiveness in compari-
son to classical open surgery, endovascular treatment is 
also associated with complications. The most common 
complications are endoleaks to the aneurysmal sac. Rare 

complications include migration of stent graft, spinal 
cord ischemia and aortoesophageal fistula (AEF) [1].  
We present two cases after thoracic stent graft implan-
tation. We also review the literature. 

Case report 1
87-year-old woman, who had undergone stent graft 
implantation due to thoracic aortic aneurysm, was ad-
mitted to the hospital with weakness and dehydration. 
On admission the patient was in medium condition, 
and hemodynamically stable. Laboratory test results 
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showed anemia (Hb 9,4 g/dl, RBC 3,27 × 106μl), in-
creased inflammatory markers (WBC 17,05 × 106 μl, 
CRP 143,8 mg/dl) and extremely elevated D-dimer 
(5477 ng/dl). Chest radiography showed pleural effusion 
and atelectasis of the left lung as a result of compression 
by the fluid and aortic aneurysm (Fig. 1). Antibiotics 
were implemented due to clinical, laboratory and 
auscultatory symptoms of pneumonia. During hospi-
talization, melaena and progressive anemia have been 
occurred (with the marginal level of Hb 6 g/dl). Due to 
the patient’s clinical status, the blood products were 
transfused. CT angiography of aorta showed the pres-
ence of gas in aneurysm sac, defect in the aortic wall and 
thickened esophagus with the level of fluid (Figs 2–4).  
The whole radiological feature had shown the presence 
of AEF. Oral water contrast-enhanced X-ray of the es-
ophagus revealed extraesophageal leakage of contrast, 
most likely into the aneurysmal sac (Fig. 5). EGD under 
general anesthesia was performed and demonstrated 
the presence of a wide fistula between aneurysmal sac 
and the mid-thoracic esophagus. The SEMS prosthesis 
was implanted under endoscopy control. In addition, 
control esophagus x-ray examination revealed the 
tightness of the prosthesis (Fig. 6). Open surgical repair 
of the aneurysm after the patient’s general condition 
improvement was planned. Despite the temporary 
clinical stabilization and no significant improvement, 
the patient died 13 days after admission to the hospital. 

Case report 2
66-year-old woman, who had undergone endovas-
cular treatment of the thoracoabdominal aneurysm 
using stent graft with branches to the visceral arteries  

6 months ago, was admitted to the hospital in bad gen-
eral condition. Based on the angio-CT examination, AEF 
(defect in the aortic wall and aneurysmal sac), mediast-
initis and infection of the aneurysm sac were suspected 
(Figs 7, 8). The patient had symptoms of dyspnoea, 
chest pain and fever. On admission, blood tests and 
blood culture had been taken. Blood biomarkers of 
bacterial infection were increased (procalcitonin 96 
ng/ml, CRP 328 mg/dl, WBC 12,4 × 106 μl) and blood 
culture was positive for Enterococcus species. Anti-
biotherapy and oxygen therapy had been introduced. 
Anemia was found with no decline dynamics, which 
would suggest active bleeding. Taking into considera-

Figure 1. Case report 1. Chest radiograph showing pleural 
effusion and atelectasis of left lung

Figure 2. Case report 1. Computer tomography showing the 
presence of gas in the aneurysmal sac (black arrow)

Figure 3. Case report 1. Computer tomography showing the 
presence of gas in the aneurysmal sac (black arrow)
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tion bad general condition and no chance of survival, 
the patient was disqualified from open surgical repair 
of the thoracoabdominal aneurysm. The patient died 
4 days after admission. 

Discussion

Aortoesophageal fistula (AEF) is a rare complication 
after TEVAR [1, 2]. In the literature, authors underline 
the great role of quick diagnostics due to difficult to 
control anemia [2, 3]. Computer tomography is an 
examination of choice in patients who had undergone 
TEVAR in case of suspected complications. In patients 
with AEF, CT angiogram shows the presence of gas in 
aneurysm sac [2, 4, 5], thickening of esophagus [6], 
and new nonhomogenous masses between aorta and 

Figure 8. Case report 2. Computer tomography showing the 
presence of gas in the aneurysmal sac (black arrow)

Figure 4. Case report 1. Computer tomography showing 
thickened esophagus with the level of fluid (black arrow)

Figure 5. Case report 1. Oral water contrast-enhanced X-ray 
examination of the esophagus showing extraesophageal leaka-
ge of contrast (black arrow)

Figure 6. Case report 1. Esophagus x-ray examination sho-
wing the tightness of the SEMS prosthesis (black arrow)

Figure 7. Case report 2. Computer tomography showing the 
presence of gas in the aneurysmal sac (black arrow)
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esophagus [2, 7]. In our cases, the presence of gas in 
aneurysm sac (Patient 1 and 2), as well as thickened 
esophagus and defect in the aortic wall (Patient 1) were 
detected. Esophagus x-ray examination with contrast 
can confirm or exclude the presence of AEF (as per 
case 1 which confirmed preliminary diagnosis based on 
CT). EGD not always identifies the place and cause of 
bleeding [5, 6]. However, in combination with CT scans, 
it significantly increases the probability of confirmation 
or exclusion of AEF [2–8]. Therefore, it seems that 
EGD should be the examination of choice when AEF 
is suspected, despite the risk of additional transmission 
of bacteria from the esophagus to the aneurysmal sac. 

The time to develop AEF after TEVAR varies. Ana-
lyzing literature, we can conclude that AEF develops 
within 1 to 16 months after the endovascular procedure 
[2–8]. Nevertheless, patient 1 developed AEF much 
later — 5 years after TEVAR. 

There are many hypotheses regarding the cause 
of AEF. Mechanisms of AEF development after TEVAR 
include: 1) pressure necrosis of the esophageal wall 
due to the ongoing forces of the self-expanding stent-
graft, 2) direct erosion of the rigid stent-graft through 
the aorta into the esophagus, 3) ischemic esophageal 
necrosis due to stent-graft occlusion of aortic side 
branches that directly feed the esophagus, 4) infection 
of stent-graft prosthesis and aneurysmal sac that even-
tually extends to the esophagus eroding its wall [7, 9]. 
Due to uncertain pathophysiologic mechanisms, we 
cannot isolate patients at high-risk, neither the time at 
which complications may occur.

Patients with AEF after TEVAR usually die before 
the beginning of treatment due to the presence of 
bleeding and general bad condition [3, 6, 8]. In these 
cases, the only option is open surgery with removal 
of the stent graft and replacement of the aorta with  
a vascular prosthesis. The majority of patients, such as 
those described in our article, do not qualify for open 
surgery [2, 5, 5]. Then, therapeutic opportunities are 
limited. Therefore, esophageal stent implantation may 
be palliative procedure [2, 5, 7]. However, this method 
doesn’t provide long-term effectiveness. There was 
the only one case of a patient with AEF free of the 
gastrointestinal bleeding reported [7]. 

Eggebrecht et al. described 6 patients who devel-
oped AEF after TEVAR. 4 of 6 patients were admitted 
to the hospital due to vomiting blood, and 2 other due 
to elevated markers of inflammation (such as patient  
1 and 2). Surgical repair was performed in only 1 patient 
and declined in the remaining because of comorbidities 
and multiorgan failure.  In 2 remaining patients who 
had undergone EGD for massive hematemesis self- 
expanding esophageal stents were implanted in order to 

control bleeding. Although conservative treatment was 
applied (percutaneous endoscopy-guided gastrostomy ― 
PEG, broad-spectrum antibiotics and proton pump 
inhibitor), all patients died due to massive bleeding 
and mediastinitis within 20-221 days after admission 
to the hospital [2].

Leung reported a 74-year-old patient with a history 
of TEVAR, who was admitted to the hospital due to 
recurrent hemoptysis. On admission, the patient wasn’t 
presenting any abnormalities in physical examination, 
nor in laboratory tests. EGD, bronchoscopy and CT 
angiography were performed. EGD detected no active 
bleeding, while bronchoscopy indicated external com-
pression of the distal trachea. CT angiogram revealed 
the presence of pseudoaneurysm of the thoracic aorta 
distal to the take-off of the subclavian artery, sug-
gesting vasculitis of the thoracic aorta. Endobronchial 
ultrasound showed aortic diverticulum in the place of 
tracheal compression. The whole radiological findings 
confirmed the presence of aortobronchial fistula (ABF). 
Therefore, it seems that the presence of the pseu-
doaneurysm, as well as compression of the airways in 
patients after TEVAR, may also suggest ABF [10]. 

During 1998–2013, Mosquera et al. [11] reviewed 26 
patients with thoracic aorta fistulas (18 with aortobron-
chial, 7 with aortoesophageal, and 1 with co-existing aor-
tic fistulas to the esophagus and bronchial tree). Authors 
were analyzing CT findings performed in all patients. The 
most common CT scan findings (in descending order of 
frequency) were: an intramural hematoma, an aortic 
pseudoaneurysm bulge, and bronchial compression. 
Interestingly, none of the patients with ABF presented 
periaortic gas. Both active contrast extravasation and the 
ectopic gas occurred exclusively in those with AEF and 
were associated with a worse prognosis. Intramural he-
matoma, an aortic pseudoaneurysm bulge and bronchial 
compression were common for those with AEF and ABF. 
All the authors underline the key role that CT plays in 
diagnosing patients with AEF and ABF. 

Conclusions 

Gastrointestinal bleeding, as well as elevated in-
flammatory markers and atypical clinical feature after 
TEVAR may suggest the presence of AEF. CT imaging 
combined with EGD and gastrointestinal X-ray exami-
nation may confirm or exclude AEF. Nevertheless, the 
ineffectiveness of treatment indicates that AEF remains 
a challenge for the medical team. 
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Abstract
Cryoglobulinemia is a rare disease caused by the specific antibodies which precipitate at low temperatures 
being present within the blood serum. It is observed in the course of disorders such as autoimmune diseases, 
lymphoproliferative neoplasms, and infectious diseases — mainly HCV infections. Three types of cryoglobulinemia 
have been identified, differing in the type of immunoglobulins involved and symptoms being manifested. We are 
presenting a case of a 61-year-old female patient with type I cryoglobulinemia related to Sjögren’s syndrome 
and complicated by monoclonal gammopathy of undetermined significance.
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Introduction

Cryoglobulinemia is a rare disease (1 case per 100,000 
individuals) [1], consisting of antibodies which precip-
itate at low temperatures (i.e. temperatures of below 
37˚C) being present within the blood serum [2]. It is 
observed in the course of various disorders such as 
lymphoproliferative neoplasms, autoimmune diseases, 
and viral infections, with HCV being the main agent 
responsible for the latter [2]. Three types of cryoglob-
ulinemia have been identified, differing in the type of 
immunoglobulins involved, the most common being 
referred to as type II. We are presenting a case of  
a 61-year-old female patient with monoclonal cryoglob-
ulinemia (of type I) related to Sjögren’s syndrome and 
complicated by monoclonal gammopathy of undeter-
mined significance (MGUS).

Case report

A 61-year-old female patient with a 4-year history of 
Sjögren’s syndrome was admitted to the Department 
of Angiology, Systemic Hypertension, and Diabetology 

with calf ulcers which had appeared several years before 
presentation. Upon admission, the patient was in severe 
overall condition with the disease affecting both calves 
and involving extensive and strongly adherent necrotic 
lesions reaching down to the fascial and muscular levels 
and requiring administration of high-dose opioid anal-
gesics (Figs 1, 2). Laboratory investigations revealed 
features of activated inflammatory response (CRP 43 
mg/l [reference range 0–5 mg/l], leukocytosis12.14 
G/l, normocytic anemia) and reduced levels of com-
plement C4 [< 0.08 g/l, reference range 0.1–0.4 g/l] 
with unremarkable levels of complement C3 [1.46 g/l, 
reference level 0.9–1.8 g/l]. High levels of rheumatoid 
factor [323 IU/ml] and presence of anti-Ro (SS-A) and 
anti-La (SS-B) antibodies at the titer of 1:3200 were also 
demonstrated. No deviations from reference ranges 
were identified in urinalysis results. HBV and HCV 
screening tests were negative.

The scope of diagnostic laboratory investigations 
was broadened due to the unclear origin of severe 
necrotic lesions. Refrigeration test revealed the pres-
ence of cryoglobulins, later to be confirmed in serum 
immunofixation assays (monoclonal IgM kappa immu-
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noglobulin). Despite numerous additional assays (such 
as pANCA, cANCA, anti-dsDNA titers, HCV and HBV 
screening assays) symptoms of vasculitis related to 
other system dysfunctions were excluded. The patient 

had been subjected to hematological consultation which 
revealed monoclonal gammopathy of undetermined 
significance (MGUS). On the basis of clinical presenta-
tion and the results of laboratory investigations, the 
patient was diagnosed with vasculitis in the course of 
type I cryoglobulinemia secondary to MGUS which had 
developed as a complication of previously diagnosed 
Sjögren’s syndrome.

Due to the aggressive course of the disease and the 
risk of resulting limb loss, a decision to initiate immuno-
suppressive therapy was made following hematological 
consultation. Between May 2014 and October 2016,  
a total of 7.6 g of cyclophosphamide was administered 
in pulses as an addition to local management (including 
mechanical debridement of ulcers under general anes-
thesia) to achieve partial healing of lesions. In October 
2014, the patient was diagnosed with asymptomatic 
proximal deep vein thrombosis and vertebral fractures 
at levels L2 and L4 (treated by vertebroplasty at the De-
partment of Neurosurgery); after several days, another 
two fractures at Th12 and L1 were detected (and also 
subjected to surgical treatment). During subsequent 
hospitalizations, several episodes of airway infections 
were observed as was pulmonary and tricuspid regur-
gitation and dilatation of the aortic bulb.

Establishment of an efficient maintenance immuno-
suppression regimen was a significant problem. As the 
attempts to introduce methotrexate and azathioprine 
had failed (several airway infections), cyclosporine was 
identified as the best-tolerated drug. Currently, the 
ulcers are nearly completely healed (Figs 3, 4), and the 
patient is capable of ambulating using a Zimmer frame. 
Laboratory investigations continue to show elevated 
CRP levels (12 mg/l), microcytic anemia, and reduced 
GFR (78 ml/min/1.73 m2). Cyclosporine is found to be 
present at optimum (therapeutic) levels.

Discussion

Sjögren’s syndrome is a connective tissue disorder char-
acterized by particularly profound and dangerous immu-
nological disorders. Observations include increased pro-
liferation of B cells, and, as a consequence, production 
of numerous autoantibodies (anti-Ro/SSA, anti-La/SSB, 
AMA, anti-centromere antibodies) and rheumatoid fac-
tor as well as increased expression of pro-inflammatory 
cytokines, i.e. IL-1b, IL-6, IL-17, TNF-a, interferon g [3].  
As a result of numerous immunological mechanisms, the 
risk of non-Hodgkin lymphoma (NHL) is 4 to 44 times 
higher in patients with Sjögren’s syndrome as compared 
to the overall population [4]. Monoclonal antibodies 
were detected in 7–22% of patients [5, 6]; in some 
cases, the synthesized gamma-globulins presented with 
cryoglobulin features.

Figure 1. Lesions before admission to the hospital

Figure 2. Lesions before admission to the hospital
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Three types of cryoglobulinemia are identified on the 
basis of laboratory investigations: monoclonal (type I)  
cryoglobulinemia, mixed monoclonal/polyclonal 
(type II) cryoglobulinemia and polyclonal (type III)  
cryoglobulinemia. Each type may be manifested by  
a different set of symptoms. Type I cryoglobulinemia 
is characterized mainly by the presence of skin lesions 
such as purple-colored papulae on lower limbs, livedo 

reticularis, and Raynaud’s phenomenon as well as the 
most serious lesions including ulcers and tissue necrosis 
which were predominant in the clinical presentation of 
the reported patient. Types II and III more frequently 
present with symptoms within other systems, with 
strong muscle and joint pains becoming more intensive 
at lower temperatures, peripheral polyneuropathy, 
hepatic dysfunction, respiratory symptoms (cough, 
dyspnea, pleuritis) or membranoproliferative glomeru-
litis. These symptoms are associated with cryoglobulins 
being deposited within small vessels (mainly capillaries, 
venules, or arterioles) and present in the blood.

Symptoms observed in the reported case, i.e. skin 
lesions including calf ulcers and soft tissue necrosis 
correspond to type I cryoglobulinemia. Other disor-
ders taken into consideration in differential diagnosis 
included i.a. Schnitzler syndrome (absence of typical 
urticaria, recurrent fever, lymphadenopathy, or joint 
pains), secondary vasculitis related to Sjögren’s syn-
drome and Waldenström macroglobulinemia (absence 
of recurrent epistaxis).

No standard of treatment has been established to 
date for cryoglobulinemia. The treatment must target 
the diseases involved in the development of the dis-
order. Cryoglobulinemia-causing neoplasms (chronic 
lymphocytic leukemia, Waldenström macroglobuline-
mia, and other types of lymphoma) are treated with 
chemotherapy, sometimes with adjuvant radiotherapy. 
Cryoglobulinemia in the course of HCV or HBV in-
fection (mixed type II or type III cryoglobulinemia) is 
treated with antiviral regimens (the authors’ experience 
suggests that eradication of the hepatitis C virus leads 
to symptom resolution). Patients with symptomatic 
cryoglobulinemia and vasculitis syndromes, as in the 
presented case, are treated with immunosuppressants.

Cyclophosphamide (an alkylating agent) was shown 
to efficiently induce remission in the presented case; 
however, the choice of remission maintenance treatment 
proved to be problematic. Glucocorticosteroids cause 
resolution of symptoms while simultaneously reducing 
cryocrit values. Cytotoxic drugs such as azathioprine 
(a purine antimetabolite) and methotrexate (a folic 
acid antagonist) ) facilitate inhibition of immunoglob-
ulin production by B cells. In the reported patient, 
however, this treatment proved ineffective due to 
disease complications. Cyclosporine was identified as 
the most effective and well-tolerated treatment. Cy-
closporine belongs to the group of calcineurin inhibitors 
and inhibits humoral and cellular immune responses 
modifies chronic inflammatory processes, reduces the 
production and secretion of lymphokines (such as IL-2)  
and T-cell growth factor (TCGF) as well as affects the ac-
tivity of T helper cells. In addition, cyclosporine inhibits the 
induction phase of the lymphatic cell proliferation process.

Figure 4. The left calf after treatment

Figure 3. The left calf after treatment
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We are presenting this case due to the extraordinary 
intensity of necrotic lesions resulting from the presence 
of monoclonal proteins with cryoglobulin properties 
rather than from secondary vasculitis. It appears that 
every case of unexplained skin lesions or necrotic le-
sions in patients suffering from Sjögren’s syndrome or, 
in a broader sense, an autoimmune disease, requires 
that this disease entity is taken into consideration in 
differential diagnostics.
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