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question 1: does this patient have 
antibiotic-associated 
encephalopathy? 

A 63-year-old female with diabetes mellitus and Stage 3 
chronic kidney disease is admitted with sepsis secondary to 
complicated UTI. She was started on IV Cefepime. Over 
the next 36 hours, she is noted to have significant improve-
ment in her fever curve and leukocytosis. Her urine culture 
grew >100,000 colonies of E. Coli sensitive to cefepime. 
Blood cultures remain sterile. On day 5, she is noted to be 
encephalopathic, somnolent and inappropriately respond-
ing to vocal and tactile stimuli. She had no nuchal rigidity 
and no focal neurological deficits on bedside exam. She re-
mains without fever and has no other complaints. What 
will be the next step in this patient’s management? 

A: This patient’s clinical presentation is most likely 
due to antibiotic-associated encephalopathy, an under-
recognized class of medications causing delirium in hos-
pitalized patients. Antibiotic-associated encephalopa-
thy(AAE) can be divided into three unique clinical 
phenotypes: encephalopathy commonly accompanied by 
seizures or myoclonus arising within days after antibiotic 
administration (caused by cephalosporins and penicillin-
Type-I); encephalopathy characterized by psychosis aris-
ing within days of antibiotic administration (caused by 
quinolones, macrolides, and procaine penicillin-Type II); 
and encephalopathy accompanied by cerebellar signs and 
MRI abnormalities emerging weeks after initiation of an-
tibiotics (usually caused by metronidazole as Type 3).1 

While cephalosporins (especially cefepime) tend to 
cause seizures and myoclonus, quinolones, sulfonamides, 
macrolides, and procaine penicillin have psychosis-pre-
dominant symptoms. Electroencephalography (EEG) 
may be abnormal in greater than 70% of patients across 
all classes, with abnormalities ranging from epileptiform 
discharges in patients with cephalosporin/penicillin re-

lated AAE or can present with nonspecific findings of 
encephalopathy such as slowing and generalized periodic 
discharges with triphasic morphology (can be seen with 
both Type I and Type II class of antibiotics). Most pa-
tients with quinolone use also have abnormal nonspecific 
EEG findings. 

Why is there a difference in clinical presentation 
across antibiotic classes? 

Type 1 AAE (seizure/myoclonus): Type 1 AAE is 
thought to be caused by disruption of inhibitory synaptic 
transmission leading to excitotoxicity. The g-aminobu-
tyric acid class A receptor (GABAAR) is the most im-
plicated receptor. Β-lactams bind to GABAAR receptors, 
decreasing inhibitory synaptic transmission and translat-
ing clinically into seizure activity. 

Type 2 AAE (psychosis-predominant): The distinct 
neuropsychiatric features found in type 2 AAE closely 
resemble drug-induced psychotic syndromes caused by 
perturbations of the D2 dopamine and N-methyl-D-as-
partate (NMDA) glutamate receptors (e.g., cocaine, am-
phetamines, and phencyclidine). 

Type 3 AAE (encephalopathy with cerebellar signs): 
Unlike the other subtypes of AAE, metronidazole toxic-
ity results in characteristic reversible MRI signal abnor-
malities in the cerebellar dentate nuclei, dorsal brainstem, 
or splenium of the corpus callosum. Neurotoxicity is re-
lated to free radical formation and altered thiamine me-
tabolism. 

question 2: does this patient have 
heparin resistance? 

A 67-year-old patient with history of oxygen-dependent 
COPD, prior CVA, was admitted with dyspnea and pal-
pitations. She was diagnosed with acute on chronic hy-
poxic respiratory failure due to pulmonary embolism 
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(right lower lobe segmental and subsegmental pulmonary 
emboli), complicated by new-onset Atrial fibrillation. She 
has no family history of hypercoagulable or autoimmune 
disorders. She has a history of ongoing tobacco use and 
over 20 pack/yr. She was started on IV heparin but was 
noted to have subtherapeutic PTT and anti-Xa levels 
even after multiple adjustments of her IV heparin based 
on standard protocol. Her anti-Xa levels range <0.04 to 
0.06. Therapeutic range being (0.3 - 0.6: anti Xa U/ML). 
What will be the next steps in this patient’s management? 

A: Unfractionated heparin (UFH) is a heterogenous 
mixture of different length polysaccharide strands which 
bind to antithrombin, potentiating its anticoagulant ef-
fect, and thrombin, inactivating its thrombotic effect via 
subsequent impact on fibrin and coagulation factors IX, 
X, XI and XII. While UFH and low molecular weight 
heparin (LMWH) both inhibit thrombin and factor Xa, 
the difference in polysaccharide polymer length results 
in UFH influencing both thrombin and anti-Xa whereas 
LMWH primarily effects factor Xa. Due to a strong neg-
ative charge UFH attaches to macrophages, endothelial 
cells, and an array of heparin binding proteins. Monitor-
ing for its therapeutic levels is by using activated partial 
thromboplastin time (aPTT), activated clotting time (ac-
tivated CT), or more recently by using anti-Xa levels. 

Heparin resistance should be considered in situations 
where progressively increased doses are required to 
achieve therapeutic levels of anticoagulation or the im-
possibility of achieving therapeutic aPTT or anti-Xa lev-
els. A common accepted definition in current literature 
uses a threshold of UFH doses greater than 35,000 units/
day, but the definition has not been validated.2 Heparin 
resistance may be pseudo or real in nature. 

The most common cause is antithrombin deficiency, 
which may be congenital or acquire. Congenital forms 
(Type I and Type II) are associated with early onset of 
thrombo-embolic phenomenon typically by the second 

decade of life. Acquired causes include disseminated in-
travascular coagulation (DIC), acute thrombosis, liver 
disease, nephrotic renal disease, asparaginase therapy for 
leukemia (ALL), sepsis, surgery, pregnancy and in par-
ticular pre-eclampsia and eclampsia, use of hemodialysis 
and extracorporeal membrane oxygenation (ECMO).4 

Heparin itself also can lower antithrombin levels. Due to 
the role of acute phase reactants, repeating antithrombin 
levels after resolution of acute illness may be considered. 

Reduction in heparin bioavailability also results in he-
parin resistance. The strong negative charge of UFH is 
thought to result in increased binding to von Willebrand 
factor and other coagulation factors, interleukin-8, TNF-
α, collagen, fibrinogen, glycoproteins and lipoproteins, 
microbial and viral proteins (with COVID-19 being an 
area of active investigation). UFH also has been noted 
to bind to cells such as leukocytes, endothelial cells and 
platelets (especially platelet counts>400,000IU), as well 
as platelet factor 4. Heparin-induced thrombocytopenia 
is itself a form of heparin resistance with development of 
antibodies to the heparin-platelet factor 4 complex.5 Re-
duction can also be seen due to increased clearance with 
splenomegaly. 

Management of real heparin resistance requires using 
increasing doses to achieve therapeutic anti-Xa levels in 
cases of where anti-Thrombin III levels are >40% or tran-
sition to an alternative agent such as a direct thrombin 
inhibitor or to direct oral anticoagulants as per patient’s 
eGFR. Antithrombin supplementation and fresh frozen 
plasma has been used in cardiothoracic surgery and 
ECMO and is an area of active study for consensus use. 
Factitious heparin resistance should also always be con-
sidered and easily eliminated, as is seen in the case of line 
connection and other logistical administration issues. 
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• Apparent or pseudo-heparin resistance is detected by 
having a therapeutic anti-Xa level in the presence of 
sub-therapeutic aPTT levels, signifying a therapeu-
tic heparin response by anti-Xa level. This is com-
monly due to elevated factor VIII and/or fibrino-
gen levels which reduce aPTT levels. Elevated VIII 
and/or fibrinogen levels are seen in systemic inflam-
matory states, malignancy, liver and renal diseases 
and in pregnancy. Identification and management 
of pseudo-resistance requires transitioning from 
aPTT to anti-Xa monitoring. This is particularly 
important to avoid hemorrhagic complications 
from in vivo supratherapeutic UFH.3 

• Real heparin resistance is a low aPTT in confirmed 
by low anti-Xa levels despite escalated heparin 
doses. Evaluation of patients in this category in-
cludes checking anti-Xa and Antithrombin III lev-
els. 
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