
CLINICAL CARE CONUNDRUMS

Breakdown

The approach to clinical conundrums by an expert clinician is revealed through the presentation of an actual patient’s case in an
approach typical of a morning report. Similarly to patient care, sequential pieces of information are provided to the clinician, who is
unfamiliar with the case. The focus is on the thought processes of both the clinical team caring for the patient and the discussant.

This icon represents the patient’s case. Each paragraph that follows represents the discussant’s thoughts.
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A 47-year-old paraplegic man presented to our emer-

gency department (ED) with severe pain from his sac-

ral decubitus ulcers. Earlier that day, he had left against

medical advice from another area ED. He took no medica-

tions but noted that he had been on several medications

during recent hospitalizations. He had smoked cocaine

that morning. He reported 3 days of watery diarrhea. His

triage temperature was 98.28F, his heart rate was 146

beats per minute, and his blood pressure was 155/84 mm

Hg. He had multiple foul-smelling, stage 4 sacral ulcers

and a chronic indwelling urinary catheter. Laboratory

results included: white blood cell (WBC) count 22,000/

mm3 (neutrophils 17,900/mm3), hemoglobin 8.5 g/dL, pla-

telet count 317,000/mm3, creatinine 4.2 mg/dL, and lac-

tate 1.5 mg/dL.

The patient’s tachycardia and leukocytosis suggest sepsis.

Potential sources include soft tissue infection or osteomyeli-

tis from his sacral ulcers, Clostridium difficile, or a urinary

tract infection. Impaired visceral sensation from his spinal

cord injury may dampen his response to an intra-abdominal

process, such as mesenteric ischemia or toxic megacolon.

Records from other hospitals should be reviewed to assess

the acuity of change in his WBC count, hemoglobin, and

creatinine. His anemia may be from chronic inflammation

(eg, osteomyelitis), renal insufficiency, hemolysis, or occult

blood loss, including retroperitoneal and gastrointestinal

sources. His kidney injury may be from tubular necrosis in

the setting of sepsis or obstructive uropathy related to a neu-

rogenic bladder.

Intravenous vancomycin and piperacillin-tazobactam

were initiated for presumed sepsis. The team requested

records from his prior hospitalizations and received only his

most recent ED documentation, which revealed that he

had received single doses of vancomycin and piperacillin-

tazobactam for a similar presentation. Oral vancomycin and

intravenous metronidazole were started when C difficile toxin

testing returned positive. He appeared more comfortable and

remained normotensive, although his sinus tachycardia per-
sisted at approximately 130 beats per minute. Sixteen hours

after admission, the patient went into pulseless electrical activity

(PEA) arrest.

Potential contributors to his PEA and cardiovascular col-
lapse are drug use (cocaine), alcohol withdrawal, infection,
hypovolemia, myocardial ischemia, or heart failure. Severe
hemorrhage, hyperkalemia, or acidosis from acute kidney
injury and sepsis could also account for his cardiac arrest.
His paraplegia and hospitalization raise the risk of venous
thromboembolism, which can lead to PEA from pulmonary
embolus and prolonged hypoxia.

Return of spontaneous circulation occurred following
6 minutes of cardiopulmonary resuscitation. Arterial

blood gas during bag-valve mask ventilation with 100%

FiO2 was: pH 7.00, paCO2 44 mm Hg, and paO2 209

mm Hg. Serum chemistries were: sodium 148 mmol/L,
potassium 5.5 mmol/L, chloride 111 mmol/L, bicarbonate

11 mmol/L, blood urea nitrogen 78 mg/dL, creatinine 4.1

mg/dL, glucose 256 mg/dL, calcium 8.4 mg/dL, magne-

sium 1.7 mg/dL, and phosphorus 5.9 mg/dL. Venous lac-
tate was >11 mmol/L. His WBC count was 28,000/mm3,

hematocrit was 4.4%, and platelet count was 196,000/

mm3. Hemoglobin was unmeasurable due to interfering

substances. An electrocardiogram showed sinus tachycar-
dia with diffuse ST segment depressions. Chest radio-

graph revealed a properly situated endotracheal tube,

normal cardiomediastinal silhouette and right basilar
atelectasis.

His profound anemia is the likely cause of his PEA arrest
and severe lactic acidosis. Massive hemolysis is most likely
given no overt evidence of bleeding to account for the pre-
cipitous fall in hematocrit. Hemolysis can result from disor-
ders intrinsic or extrinsic to the red blood cell (RBC).
Intrinsic defects are usually congenital and involve the mem-
brane, hemoglobin, or metabolic enzymes within the RBC.
Extrinsic hemolysis arises from processes that injure the
RBC from the outside: antibodies, infections, and mechani-
cal shearing.

A rapidly declining platelet count is seen in microangio-
pathic hemolytic conditions such as disseminated intravascu-
lar coagulation (DIC) or thrombotic thrombocytopenic
purpura (TTP), where platelets are consumed along with
RBCs; sepsis makes DIC more likely. Autoimmune
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hemolytic anemia (AIHA) is sometimes accompanied by
immune thrombocytopenia. AIHA arises from antibodies
that are idiopathic or produced in response to infection,
autoimmune conditions (eg, systemic lupus erythematosus),
lymphoproliferative disease, or drugs (eg, b-lactam antibiot-
ics). The antiphospholipid syndrome can lead to thrombocy-
topenia, hemolysis, and kidney injury. Devitalized tissue in
his sacral ulcers may predispose the patient to infection with
Clostridium perfringens, which can elaborate enzymes that
trigger massive hemolysis.

Because automated hemoglobin measurement is performed

by spectrophotometry (light absorption and scatter), high

concentrations of poorly soluble autoantibodies can increase

the turbidity of the sample and preclude the measurement of

hemoglobin concentration. This could lead to the report of

“interfering substances.”

Computed tomography of the chest, abdomen, and pel-

vis did not reveal internal bleeding. Laboratory studies

during the resuscitation were: lactate dehydrogenase (LDH)

2,411 U/L (reference range: 88–230 U/L), haptoglobin 25

mg/dL (reference range: 36–195 mg/dL), and reticulocyte

percentage 2.6%. Total bilirubin was 2.4 mg/dL (reference

range: 0.1–1.2 mg/dL), with direct fraction 0.9 mg/dL (ref-

erence range: <0.3 mg/dL). Prothrombin time (PT) was 24.9

seconds (reference range: 11.8–15.2 seconds), international

normalized ratio (INR) was 2.3, and activated partial

thromboplastin time (aPTT) was 47.3 seconds (reference

range: 22.2–33.0 seconds). Phlebotomy yielded icteric

plasma. A peripheral blood smear revealed severe anemia,

red cell agglutination, microspherocytes, and hemophagocy-

tosis by neutrophils (Figure 1).

Low haptoglobin, elevated LDH, and hyperbilirubinemia

confirm hemolysis. A more robust reticulocytosis is expected

in the face of profound anemia, but the patient may also

suffer from a concomitant hypoproliferative state (eg, nutri-

tional deficiency). More likely, the rapidity of his decline

outpaced the marrow’s response, which can be delayed by

days.

The most common cause of a combined elevation of the

INR/PT and aPTT in a critically ill patient is DIC.

Although no schistocytes were detected on the peripheral

smear, they can be absent in up to 50% of DIC cases. TTP

is associated with hemolytic anemia, kidney injury, and

thrombocytopenia, but it generally does not cause

coagulopathy.

The combination of red cell agglutination and hemopha-

gocytosis suggests that the RBCs are coated with autoanti-

bodies that cross-link the cells and make them targets for

phagocytosis by neutrophils in the circulation. This is dis-

tinct from the hemophagocytic syndrome, a rare immune

activation syndrome characterized by macrophage phago-

cytosis of RBCs in the reticuloendothelial system. The

blood smear also shows microspherocytes, which are seen

in AIHA and hereditary spherocytosis.

Urinalysis showed large hemoglobin and 11 to 20 red

blood cells per high-power field. Serum creatine phos-

phokinase was 35 U/dL (reference range: 50–388 U/dL).

Four units of packed RBCs and 1 unit of fresh-frozen

plasma were transfused. Due to a rising creatinine level and

declining urine output, continuous veno-venous hemofiltra-

tion (CVVH) was initiated.

Acute tubular necrosis could result from sepsis, ischemic
injury from DIC, hypotension during cardiac arrest, or heme
pigment toxicity. Urine sediment should be reviewed for
dysmorphic RBCs or RBC casts that would indicate glomer-
ulonephritis (eg, from an underlying autoimmune process
associated with AIHA).

Urine hemoglobin that is disproportionate to the degree of
hematuria suggests hemoglobinuria, which in turn defines
the hemolysis as intravascular. Processes that directly lyse
RBCs in circulation via mechanical shearing, activation of
complement, infection of the RBC, or enzymatic or oxida-
tive destruction of the membrane cause intravascular hemo-
lysis. Leading considerations include microangiopathy (eg,
DIC, TTP), clostridial sepsis, and AIHA.

AIHA can be broadly classified as warm or cold. Warm
AIHA is caused by immunoglobulin IgG antibodies that
bind most avidly at body temperature. Because warm AIHA
does not activate complement, patients present with evi-
dence of extravascular hemolysis that is typically chronic
and mild to moderate in severity. It does not typically cause
the acute, fulminant, intravascular hemolytic condition seen
here.

Cold AIHA is characterized by autoantibodies that bind at
lower temperatures and comes in 2 forms: cold agglutinin
disease and (rarely) paroxysmal cold hemoglobinuria
(PCH). Cold agglutinins are most often IgM antibodies
produced in response to infection (Mycoplasma pneumo-
niae, infectious mononucleosis), drugs, or a hematologic
malignancy. These IgM antibodies bind RBCs, causing
them to agglutinate, and fix complement (including C3) to
the surface of RBCs when blood circulates to cooler parts
of the body. This results in complement activation, forma-
tion of the membrane attack complex, and intravascular
hemolysis when bound and activated complement is pres-
ent in large numbers. Acute infection can increase the com-
plement available for binding to the surface of RBCs.
Through a slightly different mechanism, PCH causes intra-
vascular hemolysis through direct IgG activation of com-
plement fixed to the surface of RBCs. During a hemolytic
episode the direct antibody test (DAT) is positive using
anti-C3 and negative for IgG.

FIG. 1. Neutrophil hemophagocytosis on peripheral blood smear (red solid

line). Note the paucity of red blood cells, with scattered foci of red cell agglu-

tination (red dashed line) and microspherocytes (red dotted line).
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Based on the patient’s clinical evidence of intravascular
hemolysis and a suspected autoimmune etiology, the leading
diagnosis at this time is cold AIHA.

Due to coagulopathy and possible cold agglutinin dis-

ease, therapeutic hypothermia for neuroprotection was

deferred. He continued on vancomycin, piperacillin-

tazobactam, and metronidazole. The DAT and direct IgG

were strongly positive (31), whereas the direct C3 was

weakly positive (<11). His serum free hemoglobin increased

from 136.7 mg/dL to 223.8 mg/dL (normal: 0.0–6.9 mg/

dL). His severe metabolic acidosis corrected with CVVH.

The DAT detects IgG or complement adherent to RBCs.
This patient has tested positive for both IgG and C3, though
much more strongly for IgG, suggesting an unusual ability
of the patient’s IgG to activate complement. The phenom-
enon of mixed AIHA, in which the patient has both warm-
and cold-reacting antibodies, is rare.

Regarding infections associated with AIHA, there is no
cough or rash to suggest M pneumoniae, and there is no
sore throat, fever, lymphadenopathy, splenomegaly, or atyp-
ical lymphocytosis to suggest infectious mononucleosis. He
should be tested for human immunodeficiency virus, which
is also associated with AIHA. His leukocytosis may raise
suspicion for an underlying hematologic malignancy, but he
does not have blasts, dysplastic leukocytes, or lymphocytosis
on his peripheral blood smear. Systemic lupus erythematosus
can be associated with AIHA, thrombocytopenia, and renal
failure, but he lacks the more common clinical manifesta-
tions of rash, arthralgias, and fever.

Drug-induced immune hemolytic anemia (DIIHA) can cause
both the clinical and serologic profile of an AIHA, as seen
here. DIIHA can be distinguished from mixed AIHA if
hemolysis abates with discontinuation of an offending drug.
His deterioration is temporally associated with drug admin-
istration at the time of admission. Cephalosporins and b-
lactams (e.g., piperacillin) are the most common causes of
DIIHA, and b-lactamases such as tazobactam have also
been implicated. By exclusion of other causes, DIIHA sec-
ondary to piperacillin is most likely responsible for his mas-
sive intravascular hemolysis.

Medical records from 2 other hospitals arrived approxi-

mately 36 hours after the patient’s initial presentation.

Three weeks earlier, he had required RBC transfusions for a

6 g/dL hemoglobin reduction after receiving piperacillin-

tazobactam for sepsis. He had been treated with steroids for

presumed warm AIHA and dialyzed for acute kidney injury

attributed to hemoglobinuria. After 1 week in the intensive

care unit, he left against medical advice. Two weeks later he

presented to another ED, which immediately preceded his

presentation to our hospital.

An antibody screen for drug-dependent antibodies

revealed antipiperacillin antibodies. Antitazobactam anti-

bodies were not tested. Piperacillin-tazobactam was discontin-

ued, and plasmapheresis was initiated to decrease the amount of

piperacillin in the blood. The patient’s hemoglobin subse-

quently remained above 7.0 g/dL without RBC transfusions.

His renal function recovered and he completed antibi-

otic therapy for C difficile infection and for his

pressure ulcers. However, he had sustained severe anoxic

brain injury during his cardiac arrest and did not recover

neurological function. In accordance with his family’s

wishes, he was discharged to a long-term acute care hospital

dependent on a ventilator.

COMMENTARY
This case illustrates a dramatic presentation of fulminant

intravascular hemolysis secondary to piperacillin. The inci-

dence of DIIHA is estimated to be 1 in 1 million.1 Histori-

cally, methyldopa and high-dose penicillin have been

responsible for the majority of cases,2 but in recent years

complex penicillins, including piperacillin, and second- and

third-generation cephalosporins have been implicated.3,4

Cases of DIIHA are often underdiagnosed or misdiagnosed,

as smoldering or less severe cases may not be recognized or

are attributed to other causes.

A positive DAT, suggesting immunoglobulin and/or comple-

ment binding to RBCs, is the most reliable laboratory find-

ing in DIIHA.5 However, a positive DAT does not identify

the source of the antigen and may result in misattribution of

the immune hemolysis to autoimmunity rather than to a

drug. Repeated or continued administration of the offending

drug (as in this case) may perpetuate or worsen the hemoly-

sis. Drug-specific antibody tests may help to confirm the

diagnosis, but these tests are complex and take significant

time for specialized laboratories to run.

Severe hemolysis should be considered when a patient has a

sudden and dramatic drop in his hemoglobin level in the

absence of bleeding. Because DIIHA can be rapidly progres-

sive, discontinuing a suspected culprit drug is the most

important diagnostic and therapeutic measure. Typically,

when an offending drug is stopped, the hemolysis stops as

well. The time course over which this occurs depends on the

rapidity of drug clearance.4 Hemodialysis or plasmapheresis

may be required in cases where the medication is renally

excreted, particularly in cases of concomitant kidney injury.

Evidence supporting corticosteroid use in DIIHA is limited,

as the offending agent is usually discontinued by the time

corticosteroids are initiated.4

This patient’s DAT confirmed both IgG and complement

activation, consistent with DIIHA caused by an immune

complex–like reaction. This mechanism involves the anti-

body binding to a mixed epitope of the drug and a RBC

membrane glycoprotein.6 The offending drug was stopped

only when review of his medical records established a clear

temporal association between antibiotic administration and

prior hemolysis.

The 2009 Health Information Technology for Economic and

Clinical Health Act created an electronic health record

(EHR) incentive program (“meaningful use criteria”).7 By

2012, only 6% of hospitals met all of the stage 2 criteria,

which include EHR interoperability across health systems.8

The patient’s preceding hemolytic event was described in

records faxed by the outside hospitals, but without EHR

interoperability, the treating clinicians did not have timely

access to this information. Instead, the familiar manual pro-

cess of obtaining outside records involving signed forms,

phone calls, fax machines, and reams of paper progressed at

its usual pace. Real-time access to health records might have

guided providers to select an alternative antibiotic regimen.
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Instead, a communication breakdown contributed to a cata-
strophic drug reaction and to this tragic patient outcome.

KEY TEACHING POINTS

1. In a patient presenting with acute hemolysis and a
positive DAT, consider DIIHA.

2. Both piperacillin and tazobactam can cause a severe,
complement-mediated immune hemolytic anemia
(DIIHA).

3. Drug-induced antibodies are detected by direct anti-
globulin testing, but a complete medication history
is the key to diagnosis.

4. Management of drug-induced hemolytic anemia
involves immediate discontinuation of the culprit
medication, supportive care, and potentially cortico-
steroids, plasmapheresis, and/or hemodialysis to
expedite removal of the offending agent.

5. EHR interoperability may provide timely access to
important health information across different hospi-
tals, expedite health information exchange, and
reduce adverse patient outcomes that stem from
communication delays.

This case was submitted anonymously to AHRQ WebM&M
on July 18, 2014, and was accepted on August 7, 2014. The

case and WebM&M commentary were published online on
October 26, 2015.9 This separate commentary on the same
case was later submitted to the Journal of Hospital Medicine
on September 2, 2015, accepted on November 24, 2015,
and published on January 22, 2016. The 2 publications are
written by different authors, and although they reference the
same case, they make different but valuable points.

Disclosure: Nothing to report.
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