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Abstract
Introduction: Superior vena cava syndrome is one of the more serious complications of central venous catheter inser-
tion. Drug interactions of administered drugs used in association with these catheters can lead to formation of pre-
cipitations and consequently thrombus formation. These interactions can be either anion-cation or acid-base based 
and more commonly present in clinical practice than expected. Case presentation:  The case of a 31-year old female 
who was admitted to an intensive care unit with an intracranial haemorrhage, is presented.  Occlusion of the supe-
rior vena cava was caused by a drug-induced thrombus, formed by the precipitation and clotting of  total parenteral 
nutrition and intravenous drugs. Given the nature of the thrombus and a recent intracranial haemorrhage, the pa-
tient was treated with a central thrombectomy supported by a heparin-free extracorporeal membrane oxygenation.  
Conclusion: Knowledge of drug interactions is crucial in order to heighten awareness for the dangers of concomitant 
drug administration, especially in combination with total parenteral nutrition in critically ill patients.
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 �Introduction
Central venous catheter (CVC) placement is increas-
ingly routinely performed in-intensive care units (ICU), 
as well as outside ICUs, since the need for chemother-
apy, total parenteral nutrition (TPN) and concomitant 
or long-term drug therapy has increased [1]. 

An estimated 18% of patients in ICUs, receiving 
a subclavian CVC, experience adverse mechanical 
events, such as hematoma, pneumothorax and arterial 
puncture [2]. Superior vena cava (SVC) thrombosis is 
reported in 1.5 to 21% of patients in ICUs; however, 
this usually remains asymptomatic and only detected 
on venography or ultrasonography [2,3,4].  

A rare case of SVC syndrome, caused by a drug 
thrombus which required surgical thrombectomy is 
reported. A drug thrombus is defined as a thrombus 
predominantly consisting of an aggregation of chemi-
cals or drugs. These aggregates are usually formed of 
chemical acid-base and anion-cation reactions [5,6]. 

 �Description of the case
A 31year-old female of 63 kg was admitted to the re-
gional general hospital, Hasselt, Belgium. On admis-

sion, no significant previous medical history was 
recorded; an intracranial haemorrhage in the left tem-
poral lobe after a low velocity fall was suspected and 
confirmed by computed tomography (CT) of the brain.  
Her Glasgow coma scale was 3/15. She was intubated 
and an external ventricular drain was inserted in the 
operating theatre the same day. 

On admission to the ICU, continuous infusions of 
Diprivan© (Astra Zeneca, Macclesfield, United King-
dom) (1%, 6mg/kg/h, intravenous infusion) and Di-
pidolor© (Johnson&Johnson, New Brunswick, United 
States) (0.1mg/kg, intravenous infusion) were started 
for sedation and analgesia purposes, as well as Pento-
thal© (Abbott, Chicago, United States) (1.5mg/kg, in-
travenous infusion) and Dormicum© (Cheplapharm 
Arzneimittel, Mesekenhagen, Germany) (0.1mg/kg/h, 
intravenous infusion) to control intracranial pressure 
and prevent epilepsy. Additionally, she received Pan-
tomed© (Takeda Tokyo, Japan) (40mg, intravenous 
infusion during 15-30min) once daily as a prevention 
for gastric ulcers. These were continued throughout the 
whole hospitalization.

Due to gradually increasing intracranial pressure, a 
decompressive craniotomy was performed the day af-
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ter admission. Intravenous Augmentin© (GlaxoSmith-
Kline, Brentford, United Kingdom) (1g, intravenous 
infusion every 6h) was started on day two after admis-
sion, as targeted therapy for a ventilator-associated 
pneumonia. Sputum Cultures confirmed an omnisen-
sitive Staphylococcus Aureus and antibiotic therapy 
was continued for ten days.

Due to refractory gastroparesis, continuous total 
parenteral nutrition (Olimel N7E©, Baxter, Deerfield, 
United States) (1.5L, 60ml/h, intravenous infusion) was 
administered as of day three post admission, 

During her admission she intermittently received 
Nimbex© (Abbvie, Chicago, United States) (0.15mg/kg, 
continuous intravenous infusion) for two days post-
operatively while on ventilator support. Furthermore, 
Solu-Cortef© (Pfizer, New York City, United States) 
(100mg, intravenous during 15-30min, once daily) and 
dexamethasone (Mylan, Canonsburg, United States) 
(4mg, intramuscular, every 6h) were administered 
from day one until day fourteen post-admission, to 
decrease cerebral oedema. Finally, mannitol (Pfizer, 
New York City, United States) (0.2g/kg, intravenous in-
fusion during 30min, once daily) and Lasix© (Sanofi, 
Paris, France) (40mg, intravenous infusion during 15-
30min, once daily) were administered from day three 
to five post-admission, and on day thirteen to day fif-
teen post-admission to stimulate diuresis and achieve 
euvolemia postoperatively. 

On day ten, post-admission, due to an elevated tem-
perature of 39.3°C, the CVC was removed and replaced 
with a triple lumen CVC in the right subclavian vein 
under ultrasound guidance with the tip at de SVC/right 
atrial junction [7].

De-escalation of infusion rate was noted overnight 
with only two lumens available for drug administra-
tion. The following day, severe oedema of the upper 
extremities with a concomitant steep incline in intrac-
ranial pressure and compromised cerebral perfusion 
pressure was observed. At that time, a haemoglobin 
level of 12.4 g/dL, white blood cell count of 17. 3*109/L, 
platelet count of 185*109/L, International Normalized 
Ratio of 1.2 and a fibrinogen level of 2.31 d/L, was re-
corded. 

A bedside transoesophageal echocardiography 
(TEE) revealed a thrombus in the proximal SVC. (Fig-
ure 1) 

CT confirmed a thrombus at the tip of the CVC, ex-
tending into the SVC, innominate and right subclavian 
veins.

The thrombus showed an irregular configuration 
and atypically high Hounsfield density. 

A multidisciplinary decision was taken in the after-
noon of day 11 post-admission to perform a surgical 
thrombectomy in order to relieve the SVC syndrome 
and prevent major lung embolus,  since neither throm-

Fig. 1. Midesophageal bicaval view and midesophageal short-axis view of the SVC (obtained by explaining the bicaval 
view). * Right ventricle, ** Thrombus, *** Right atrium
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bolysis, nor trans catheter clot removal could be per-
formed, due to the necessity of anticoagulation in a pa-
tient with a recent intracranial haemorrhage.

Following median sternotomy, the patient was start-
ed on extracorporeal membrane oxygenation (ECMO) 
(Medtronic, Minneapolis, MN, USA), to avoid hep-
arinization, because of the intracranial haemorrhage, 
and provide hypothermic cardiac arrest. Subsequently, 
the right atrium was opened and a white/yellow grainy 
structure obstructing the lumen was identified instant-
ly. (Figure 2).

Following thrombectomy, normal venous drain-
age ensued with immediate resolution of the SVC 
syndrome. A postsurgical TEE revealed no residual 
thrombus and a laminar flow to the right atrium.

The removed thrombus was divided into three piec-
es. The first sample was sent for culture at our own mi-
crobiology laboratory, which remained free from bac-
terial and fungal growth for four weeks postoperatively. 
The second sample was stained with haematoxylin and 
no cellular or organic material was detected. The third 
piece was sent to the pharmacological department of 
the associated University Hospital (UZ Leuven, Leu-
ven, Belgium), because of a high suspicion of drug 

components in the thrombus. There, solubility, spec-
trophotometric and chromatographic analysis tests 
were undertaken. Eight weeks later, results of these fi-
nal test showed a high phosphate concentration related 
to TPN and trapped active components of thiopental, 
pentobarbital, midazolam, laudanosine and piritra-
mide in the aggregated specimen.

Despite the team’s best effort, on the fourth postop-
erative week and 42 days after admission, the patient 
died from ischemia of the left cerebral cortex due to 
excessive intracranial pressure.

 �Discussion

SVC thrombosis remains one of the more severe com-
plications following the insertion of a CVC. The patient 
in this report had a rare type of thrombus, presumably 
formed out of aggregates of TPN and one or several 
other administered drugs. These aggregates can be the 
result of chemical reactions such as anion-cation and 
acid-base reactions. Weak bases and acids are known 
to form soluble salts in both low and high pH environ-
ments.

When mixed with a buffered substance, such as 
TPN, non-soluble precipitations can be produced. 
Most organic drugs are anions, which have the abil-
ity to interact with the hydronium ions found in TPN. 
Furthermore, bivalent anions are known to form poor-
ly soluble salts with calcium [5,6]. 

Therefore, numerous drugs have the potential to in-
teract with each other, as well as components of TPN. 
Incompatibility reactions occur with midazolam, furo-
semide and cefazolin [8].

Midazolam as well as furosemide were administered 
to the current patient which had the potential to form 
a drug thrombus.

One type of precipitate occurs immediately, due 
to the poor mixing of the compounds; a second type 
within 24 to 48 hours due to crystal formation between 
calcium and bivalent bases [9].

Temperature also plays an important role in the pre-
cipitation process. Higher temperatures cause more 
free calcium as well as bibasic salt formation, both with 
the potential to create interactions [5,9]. 

Our patient experienced elevated body tempera-
tures, which could have accelerated the process of ani-
on-cation formation.

Fig 2. Operative image.  
* Right ventricle, ** Thrombus, *** Right atrium
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Ultimately, it was presumed that several factors con-
tributed to the drug thrombus formation. First of all, 
the concomitant administration of TPN and incom-
patible drugs, combined with an increased availability 
of precipitating components due to the elevated body 
temperature. Furthermore, it was hypothesized that a 
snowball effect was created because of reduced flow 
over the catheter by the initial aggregates which sub-
sequently prolonged contact time of the different ele-
ments. This could have led to the rapid evolution of a 
total occlusion. In this case, pantoprazole, midazolam, 
amoxicillin, mannitol and furosemide all had the po-
tential to form precipitates with TPN separately or in 
combination.

TEE was the first diagnostic test used in the current 
case to detect the thrombus. This was later was con-
firmed via CT scan. Colour flow doppler ultrasound 
contributes to an increased detection rate of CVC re-
lated thrombi with a positive predictive value of 100% 
and a negative predictive value of 91% of total central 
vein occlusion [3,7,10,11].

Diagnosis can be made indirectly by detection of 
thrombosis in the internal jugular vein or through flow 
voidance and nonpulsatile, non-phasic flow in the up-
per central veins [12-14]. Early detection is considered 
important because of the risk for pulmonary emboli 
when particles of the thrombus detach. Monreal et 
al. [15] found an incidence of pulmonary embolism 
related to CVC thrombi of 15%, of which 1 in 3 were 
symptomatic 

In retrospect, the unusual Hounsfield density and 
configuration of the thrombus on CT scan also sug-
gested its atypical nature and contributed to the diag-
nosis.

Several treatment options exist as a treatment for 
SVC thrombus. Factor Xa inhibition is the first choice 
in stable patients with limited thrombus. Thrombolysis 
or interventional radiology guided clot retrieval can be 
considered in more unstable patients [15,16]. 

Due to intracranial haemorrhage and necessity for 
anticoagulation, these options were not considered. 
Surgery frequently is a last resort when other treatment 
options are not feasible or fail [16]. 

Additionally, it has been shown that once precipi-
tates are formed, they are unlikely to dissolve on their 
own [9], ultimately supporting our decision to proceed 
to surgery.

In the present case, a heparin-free ECMO circuit 
was used to provide hypothermic cardiac arrest and 
the necessary oxygenation to the brain. This method 
also minimized the need for heparinization as well as 
pathophysiologic stress. Muellenbach et al. [17] de-
scribed a case series of heparin-free ECMO use in trau-
matic brain injury, with running times of up to 5 days 
without thromboembolic events.

On the other hand, cardiopulmonary bypass was not 
considered an option, as it would have required an ac-
tivated clotting times of at least 400 seconds.

In conclusion, a unique case involving a rare type of 
thrombus resulting from the precipitation of concomi-
tant drug therapy has been reported and described, 
which may contribute to heightened awareness with 
similar findings of SVC syndrome and thrombi resist-
ant to anticoagulation.
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