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Abstract
BACKGROUND—In January 2008, the Centers for Disease Control and Prevention began a
nationwide investigation of severe adverse reactions that were first detected in a single
hemodialysis facility. Preliminary findings suggested that heparin was a possible cause of the
reactions.

METHODS—Information on clinical manifestations and on exposure was collected for patients
who had signs and symptoms that were consistent with an allergic-type reaction after November 1,
2007. Twenty-one dialysis facilities that reported reactions and 23 facilities that reported no
reactions were included in a case–control study to identify facility-level risk factors. Unopened
heparin vials from facilities that reported reactions were tested for contaminants.

RESULTS—A total of 152 adverse reactions associated with heparin were identified in 113
patients from 13 states from November 19, 2007, through January 31, 2008. The use of heparin
manufactured by Baxter Healthcare was the factor most strongly associated with reactions (present
in 100.0% of case facilities vs. 4.3% of control facilities, P<0.001). Vials of heparin manufactured
by Baxter from facilities that reported reactions contained a contaminant identified as oversulfated
chondroitin sulfate (OSCS). Adverse reactions to the OSCS-contaminated heparin were often
characterized by hypotension, nausea, and shortness of breath occurring within 30 minutes after
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administration. Of 130 reactions for which information on the heparin lot was available, 128
(98.5%) occurred in a facility that had OSCS-contaminated heparin on the premises. Of 54
reactions for which the lot number of administered heparin was known, 52 (96.3%) occurred after
the administration of OSCS-contaminated heparin.

CONCLUSIONS—Heparin contaminated with OSCS was epidemiologically linked to adverse
reactions in this nationwide outbreak. The reported clinical features of many of the cases further
support the conclusion that contamination of heparin with OSCS was the cause of the outbreak.

UNFRACTIONATED HEPARIN IS AN ANTI-coagulant medication that is used to prevent or treat
thromboembolic disorders. Heparin is also commonly used to prevent clotting of
extracorporeal blood during hemodialysis and cardiac surgery, as well as to maintain the
patency of intravenous devices. Chemically, heparin is a heterogeneous mixture of sulfated
polysaccharides; its main anticoagulant activity is mediated through activation of
antithrombin. Commercially available heparin is derived from animal tissues; only porcine-
derived heparin is approved for the U.S. market. Although heparin-induced
thrombocytopenia is a well-described immune-mediated phenomenon among patients
receiving heparin, immediate hypersensitivity reactions (e.g., exanthemas, bronchospasm,
angioedema, and anaphylaxis) that are directly attributable to heparin have rarely been
reported.1,2

On January 7, 2008, the Missouri Department of Health and Senior Services notified the
Centers for Disease Control and Prevention (CDC) about a cluster of allergic-type reactions
among patients undergoing hemodialysis at a pediatric hospital.3 Symptoms occurred within
minutes after the initiation of a dialysis session, and manifestations included facial edema,
tachycardia, hypotension, urticaria, and nausea. The CDC’s national case-finding effort
identified, in multiple states, additional clusters of similar reactions among patients
undergoing hemodialysis, and subsequently among patients undergoing photopheresis or
treatment for cardiac conditions. A common feature that preceded many of the reactions was
the receipt of heparin produced by Baxter Healthcare. On January 17, 2008, nine lots of
vials of heparin manufactured by Baxter were voluntarily recalled.4 A more extensive recall
of heparin products manufactured by Baxter occurred on February 28, 2008.5

In March 2008, the Food and Drug Administration (FDA) announced that a “heparin-like”
compound had been identified as a contaminant in the active pharmaceutical ingredient used
in heparin manufactured by Baxter. This contaminant was identified as oversulfated
chondroitin sulfate (OSCS),6 and the ability of OSCS in the active pharmaceutical
ingredient to activate the contact and complement systems was shown.7 In this report, we
describe the CDC epidemiologic investigation that was undertaken to establish the cause of
the allergic-type reactions among patients undergoing dialysis, provide a clinical description
of the reactions that occurred after the administration of heparin, and report on laboratory
tests for the presence of OSCS in finished-product heparin vials that were related to these
reactions.

METHODS
EPIDEMIOLOGIC INVESTIGATION OF REACTIONS AMONG PATIENTS UNDERGOING
DIALYSIS

Case Finding—After being notified about the Missouri cluster, the CDC began active case
finding. Inquiries about allergic-type reactions were circulated by various methods,
including the use of e-mail distribution lists targeting providers in the field of nephrology
and the CDC’s Epidemic Information Exchange. We used a standard form to collect
information about the adverse events, as well as information about the demographic and
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clinical characteristics of the patients who had reactions and exposures of those patients to
medication and medical devices. Since the original cluster and the majority of reactions that
were reported subsequently occurred among patients undergoing dialysis, our initial case
definition was restricted to reactions associated with dialysis. For this aspect of the
investigation, we characterized a definite case as the sudden onset of angioedema (i.e., facial
edema) or urticaria in a patient within 1 hour after the initiation of a hemodialysis session
that occurred after November 1, 2007. A probable case was characterized by the
development, within the same period after initiation of hemodialysis, of hypotension, loss of
consciousness, or signs and symptoms from at least two of the following categories:
sensation of burning, warmth, or flushing; numbness or tingling; difficulty swallowing;
shortness of breath, audible wheezing, or chest tightness; tachycardia; and nausea, vomiting,
or diarrhea.

Facility-Based Case–Control Study—Because a clustering of cases was noted in
specific dialysis facilities, and patients within a facility had relatively uniform exposures to
medical products, we conducted a case–control study to identify risk factors, using the
facility as the unit of analysis. Dialysis facilities that completed a case-report form for at
least one definite or probable case (21 facilities in 11 states) were considered to be case
facilities and were compared with control facilities that reported no such reactions (23
facilities in 9 states). Control facilities were identified with the use of the Centers for
Medicare and Medicaid Services Dialysis Facility Compare Web site.8 These facilities were
selected randomly among the pooled dialysis facilities in the 11 states in which case
facilities were located. Owing to the pooling of potential controls, two states with case
facilities were not represented among the control facilities. A representative of each case and
control facility was contacted by telephone and surveyed between January 28, 2008, and
February 8, 2008. Oral consent was obtained, and a clinical manager was asked to identify
the medical products and supplies that had been used at the facility in the period after
December 15, 2007, including heparin products and dialysis equipment (e.g., machines,
tubing, and dialyzers), and to describe the facility’s practices with respect to dialyzer reuse
and reprocessing. Proportions were compared with the use of Fisher’s exact test and Stata
software, version 9.0 (Stata). All reported P values are two-sided.

ASSESSMENT OF REACTIONS, HEPARIN PRODUCTS, AND EXPOSURE TO
CONTAMINATED LOTS

Clinical Description of Heparin Reactions—After preliminary findings suggested that
heparin was strongly associated with cases and similar reactions were reported among
patients who were not undergoing hemodialysis, we expanded our case definition to include
reactions in a broader population of patients. For the purposes of describing heparin
reactions in this broader population, a probable or definite adverse reaction associated with
heparin met the same clinical and temporal criteria as those in the case definition for patients
undergoing dialysis but was defined as occurring within 1 hour after the administration of
heparin (rather than within 1 hour after the initiation of a hemodialysis session).

Analytic and In Vitro Evaluation of Heparin Products—Unopened finished-product
vials of heparin were solicited from health care facilities that reported cases. Heparin vials
received by the CDC were categorized by lot number; 10 lots of heparin manufactured by
Baxter Healthcare were tested. Samples from each unique lot number and three controls
were tested for the presence of OSCS and were assessed for their effect on the amidolytic
activity of kallikrein in human plasma as a measure of the activation of the kinin–kallikrein
pathway. The quantification of OSCS levels and the measurement of amidolytic activity
were performed with the use of previously described methods.6,7
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Exposure to Contaminated Heparin Lots—Although the specific lot number of
heparin that had been administered in each case patient was requested, most facilities did not
routinely record this information. Instead, many facilities reported likely exposures on the
basis of the heparin lots that were present in the facility at the time of the reaction. Exposure
to heparin lots contaminated with OSCS was described in the following manner. A known
exposure to an OSCS-contaminated lot was defined as either documented receipt by a
patient of heparin from a lot that tested positive for OSCS or exposure of a patient to one of
several heparin lots in the facility, all of which tested positive for OSCS.

RESULTS
DIALYSIS CASES

A total of 131 adverse events met our initial case definition. Of these cases, 128 (97.7%)
occurred after the administration of heparin; in 122 of those cases (95.3%), the heparin that
was used was manufactured by Baxter Healthcare. The only other factors identified in more
than 50% of the cases were the use of acid concentrate manufactured by Minntech (59.5%),
the use of dialysis machines (53.8%) and dialyzers (53.5%) manufactured by Gambro, and
the practice of reusing hemodialyzers (52.0%).

FACILITY-BASED CASE–CONTROL STUDY
Twenty-one case facilities in 11 states had been identified by late January 2008 and were
included in the study. The mean number of cases at case facilities was 4.2 (range, 1 to 11).
Fifty-two facilities were contacted to obtain 23 control facilities in nine states. Of the 29
facilities that were contacted but not included as controls, 16 refused to participate, 7 did not
respond, 5 reported a possible allergic-type reaction, and 1 was not a dialysis facility.

In univariate analysis, the use of Gambro dialysis machines and the administration of Baxter
heparin were significantly associated with the presence of adverse reactions at the facility
(Table 1). The factor with the strongest association was the use of Baxter heparin, which
was reported by all case facilities and only one control facility (100.0% vs. 4.3%, P<0.001).

ADVERSE REACTIONS ASSOCIATED WITH HEPARIN
A total of 152 heparin reactions that met our case definition were identified from November
19, 2007, through January 31, 2008 (Fig. 1), among the 194 events that were reported to the
CDC. The 152 cases occurred in 113 patients from 13 states and included 130 reactions in
100 patients undergoing hemodialysis, 8 reactions in 6 patients undergoing treatment for
cardiac conditions, and 14 reactions in 7 patients undergoing photopheresis. The average age
of the 113 case patients was 53 years; 57 (50.4%) of the case patients were women.

Table 2 shows the clinical characteristics of the 152 heparin reactions in 113 case patients.
The mean time to a reaction after exposure to heparin was 5.1 minutes among patients
undergoing hemodialysis. The most common manifestations were hypotension (50.0%),
nausea (48.7%), and shortness of breath (37.5%). Thirty-six reactions (23.7%) involved
facial swelling. Although urticaria was reported in several of the cases in the initial cluster,
this feature was infrequent (3.3%) among all cases. Fever (0.7%), chills (1.3%), wheezing
(0%), and difficulty swallowing (0%) were also rare or absent. In 15.3% of the cases, the
reaction required further evaluation in the emergency department, and in 9.0% of the cases,
required hospitalization. A total of 149 reactions (98.0%) occurred after intravenous
administration of heparin. The other three involved exposure to heparin through other means
(e.g., a dialysis circuit primed with heparin). The brand of heparin most commonly used (in
92.8% of the cases) was manufactured by Baxter Healthcare.
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None of the 113 patients with adverse reactions that met our case definition died
immediately after the reaction. Three deaths among patients undergoing treatment for
cardiac conditions were reported to the CDC, but the reactions in these patients did not meet
our case definition because they occurred between 8 and 11 hours after administration of the
heparin.

ANALYTIC AND IN VITRO FINDINGS
The samples tested included 10 different lot numbers of heparin vials collected from
facilities and 3 control samples (Fig. 2). Of the lots collected from facilities, Lots A through
G and Lot J represent eight of the nine lots of Baxter heparin that were recalled on January
17, 2008. A high level of activation of kallikrein was observed with samples from Lots A
through D and F through J at concentrations of 2.5 and 25 μg per milliliter. These
concentrations are in the range of a clinically efficacious concentration of heparin of
approximately 1 to 5 μg per milliliter, based on a specific activity of approximately 180 U
per milligram. There was little activation of kallikrein from heparin samples that did not
contain OSCS, including the control samples and Lot E.

EXPOSURE TO CONTAMINATED HEPARIN LOTS
Information on the lot of Baxter heparin was reported for 130 of the 152 heparin reactions.
In 128 of the 130 (98.5%), OSCS-contaminated heparin was present in the facility; in 106 of
the 130 (81.5%), facility records indicated that only OSCS-contaminated heparin could have
been received by the patient (either because all heparin lots present in the facility tested
positive for OSCS or because the single lot received by the patient was known and tested
positive). Furthermore, of 54 heparin reactions for which the specific lot number of
administered heparin was known, 52 (96.3%) resulted from an OSCS-contaminated lot.

The 106 reactions for which there was known exposure to OSCS-contaminated heparin
occurred in 77 case patients. Of these case patients, 40 (51.9%) had a reported allergy to
medication, most commonly to antibiotics. Six patients (7.8%) had a reported food allergy.
An angiotensin-converting–enzyme (ACE) inhibitor was prescribed for 20 of these case
patients (26.0%) at the time of the reaction.

Table 3 shows the clinical characteristics of the heparin reactions in case patients who were
known to have received OSCS-contaminated heparin (106 reactions) and heparin that
contained more than 20% OSCS (18 reactions). Low blood pressure was documented in
58.5% of the reactions; a systolic pressure lower than 80 mm Hg, however, was reported for
only 9.4% of the reactions. Other common symptoms in case patients included nausea
(46.2% of reactions), vomiting (28.3%), shortness of breath (25.5%), flushing (25.5%),
tingling (24.5%), and tachycardia (24.5%). Facial swelling was associated with 17 reactions
(16.0%). The 18 reactions involving heparin contaminated with more than 20% OSCS
showed similar manifestations, although nausea was more frequent in this subgroup of cases
(occurring in 72.2% of reactions), as was shortness of breath (38.9%).

DISCUSSION
We describe findings from a national investigation of adverse reactions among patients who
received heparin and characterize 152 cases that occurred between November 19, 2007, and
January 31, 2008. Our initial evaluation of reactions among patients undergoing
hemodialysis suggested that heparin was a potential cause, and a facility-based case–control
study confirmed a strong epidemiologic association between the receipt of heparin produced
by Baxter Healthcare and reactions. Reports to the CDC of heparin reactions declined after
the initial Baxter recall of nine lots of heparin vials on January 17, 2008 (Fig. 1). By
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February 28, 2008, when all Baxter heparin products had been recalled, the CDC was no
longer receiving reports of cases. Our findings confirm the presence of OSCS in finished-
product vials of heparin manufactured by Baxter Healthcare that were used by facilities that
reported cases, as well as the ability of these vials to induce kallikrein activation, and
provide evidence that the vast majority of the patients with reactions had been exposed to
heparin vials contaminated with OSCS.

Kishimoto et al.7 previously demonstrated kallikrein activation from OSCS in the active
pharmaceutical ingredient of contaminated heparin. Since finished-product vials may
contain heparin from more than one lot of the active pharmaceutical ingredient, the vials
tested in this investigation best represent the heparin product that case patients received. We
found similar biologic activity among multiple vials of heparin that were known to result in
adverse reactions, and the clinical picture described among the outbreak cases nationally is
consistent with the biologic mediators previously identified in response to OSCS.

The adverse reactions that were reported to the CDC encompassed a constellation of signs
and symptoms, initially among patients undergoing hemodialysis. Some manifestations were
overt (e.g., facial edema), others were more subtle (e.g., flushing), and many were not
uncommon for patients undergoing hemodialysis or treatment for cardiac conditions (e.g.,
hypotension and dyspnea). Our initial case definition was intentionally broad to
accommodate the many presentations and potential sources of allergic-type reactions in the
absence of a clear cause or mechanism.

Similar adverse reactions have been documented among patients undergoing dialysis and
have, in the past, been attributed to many causes, including dialyzer membranes, water
impurities, residual disinfectants, and medications such as ACE inhibitors.9-11 A systemic
inflammatory response has also been described in the setting of cardiopulmonary bypass and
has been attributed to activation of the contact system resulting from interaction of blood
with the artificial surfaces of the bypass circuit and other mechanisms that activate the
kinin–kallikrein pathway, complement system, and other systems.12

Heparin alone rarely causes the symptoms, such as angioedema, that were observed in this
investigation.13 Heparin has antiinflammatory properties, and the use of heparin-coated
devices is thought to decrease the risk of an inflammatory response.14-17 Although there
have been occasional adverse reactions associated with heparin that have been attributed to
animal proteins or allergens,2 most adverse events reported in association with heparin
products have been the result of either intrinsic or extrinsic microbial contamination.18-20

Various clinical manifestations were observed in patients with adverse reactions who
received OSCS-contaminated heparin. Although hypotension was the most common, a large
proportion of case patients had nausea, shortness of breath, vomiting, tingling, flushing, and
diaphoresis. Urticaria was not a prominent feature among the case patients. This finding is
consistent with reactions that are not mediated by mast cells and supports the role of
bradykinin and other mediators instead.21 In addition, there was no substantial difference
between reactions that occurred as a result of heparin contaminated with OSCS and those
that occurred as a result of heparin contaminated with a high concentration of OSCS
(>20%). This finding may be consistent with data showing that at clinical concentrations of
heparin (2.5 and 25 μg per milliliter), the level of kallikrein activation is similar, regardless
of the concentration of OSCS. Furthermore, the relatively infrequent need for case patients
to be evaluated in the emergency department or hospitalized supports the notion that the
clinical manifestations of these adverse reactions were mostly transient.

Twenty-six percent of case patients were taking an ACE inhibitor when they received
OSCS-contaminated heparin and had the reaction. ACE inhibitors cause an accumulation of
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bradykinin and, thus, might be expected to predispose patients to a reaction or to worsen the
reaction. The prevalence of ACE-inhibitor use among patients who received OSCS-
contaminated heparin at these facilities but did not have reactions is unknown. In two studies
of patients undergoing hemodialysis, the prevalence of ACE-inhibitor use was 24% and
51%,22,23 suggesting that the prevalence among case patients in this investigation was not
greater than expected.

On the basis of available evidence, an allergic mechanism seems to be an unlikely cause of
these reactions. Thus, it is interesting that a preexisting allergy to medication was identified
among 51.9% of case patients, although it is possible that these reports of a history of
intolerance to medication did not truly indicate allergic phenomena, and the prevalence of
preexisting allergies among patients who did not have a reaction is unknown.

It should be recognized that the cases described in this report do not represent the entire
outbreak. As of May 31, 2008, the FDA Adverse Event Reporting System had received
reports of more deaths after heparin administration (238 deaths) than we had reports of
cases.24 No determination of a causal association between these deaths and heparin
administration has been reported, and many deaths occurred among patients with severe
underlying or life-threatening conditions.

We could not calculate attack rates because we did not know the total number of patients in
the United States who received heparin during this period. We suspect that OSCS-
contaminated heparin was used more broadly than in only those facilities that reported cases.
According to national sales distribution data from the IMS National Sales Perspectives (IMS
Health), approximately 7,163,700 single-dose and 3,339,400 multidose vials of Baxter
heparin were sold by the manufacturer to distributors in the United States during the period
from November 2007 through January 2008 (data abstracted by the FDA from IMS Health:
IMS National Sales Perspectives: Retail and Non-Retail. Nov ’07–Jan. ’08. Extracted
September 4, 2008). These data do not provide a direct estimate of use, but they do provide
a national estimate of the number of vials sold by the manufacturer into retail and nonretail
channels of distribution. The lack of reports from other facilities may represent
underreporting or underrecognition of reactions, evidence of intermittent contamination,
patterns of distribution and use, or other factors.

There were several challenges to this investigation. First, health care facilities rarely
recorded lot numbers of the heparin that was administered to patients. In many cases, we
could determine only the heparin lots that a patient might have received. Second, our case
descriptions are limited by the accuracy of information provided by health care personnel at
reporting facilities. However, the fact that health care personnel reported reactions with the
use of standard case-report forms probably increased the overall quality of the clinical
information we obtained, as compared with information obtained by other methods. Finally,
it was difficult to build precise case definitions owing to inherent uncertainties in this
investigation. We attempted to reduce misclassification by establishing limits with respect to
the time of onset and the symptoms that were required to be classified as a case, but some
true cases may have been misclassified as noncases.

This report of a nationwide outbreak attributed to a newly discovered contaminant in heparin
products contributes to our understanding of the epidemiology and biology of the adverse
reactions that occurred. It also underscores the importance of a public health mechanism to
address serious noninfectious adverse events in health care settings, the pivotal role of
clinicians who recognize and report clusters of unusual events to public health authorities,
and the need for ongoing collaboration among public health agencies, clinicians, basic-
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science researchers, and industry to prevent future safety threats associated with
medications.
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Figure 1. Cases of Adverse Reactions Associated with Heparin, According to Week of Onset
The figure shows a total of 152 cases of adverse reactions associated with heparin that were
reported to the Centers for Disease Control and Prevention from November 19, 2007,
through January 31, 2008.
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Figure 2. Association of Oversulfated Chondroitin Sulfate (OSCS) in Unfractionated Heparin
with Induction of Kallikrein Activity
Thirteen samples of heparin, including one sample of non–clinical-grade heparin (control
heparin 1), representing both suspect heparin lots and control lots, were analyzed in a
blinded fashion for both the presence of OSCS and the ability to activate kallikrein. The
presence of OSCS was detected and quantified as described elsewhere.6 The amidolytic
activity of kallikrein was assessed at various concentrations of heparin, as indicated. Lots A
through D and F through J contained OSCS. Samples from Lot E, as well as controls 1
through 3, contained no detectable OSCS. Lots A through G and Lot J were recalled on
January 17, 2008. T bars indicate standard deviations of replicate measurements. ND
denotes not detected.
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Table 1

Characteristics of Facilities Evaluated in a Facility-Based Case–Control Study.

Characteristic

Facilities with at Least
One Case of

Adverse Reaction
(N = 21)

Facilities with No Case
of Adverse Reaction

(N = 23)
P Value

no. (%)

Manufacturer of heparin used

 Baxter Healthcare 21 (100.0) 1 (4.3) <0.001

 APP Pharmaceuticals 2 (9.5) 20 (87.0) <0.001

 Other 0 2 (8.7) 0.49

Manufacturer of dialysis machines used

 Gambro 16 (76.2) 7 (30.4) 0.03

 Fresenius Medical Care 9 (42.9) 13 (56.5) 0.55

 B. Braun 1 (4.8) 3 (13.0) 0.61

 Other 1 (4.8) 0 0.48

Manufacturer of dialyzers used

 Gambro 10 (47.6) 8 (34.8) 0.54

 Fresenius Medical Care 9 (42.9) 14 (60.9) 0.37

 Other 7 (33.3) 6 (26.1) 0.75

Reused dialyzers 15 (71.4) 9 (39.1) 0.04

Saline priming solution delivered to patient* 11 (52.4) 13 (56.5) 0.76

Patient census >70 patients 10 (47.6) 12 (52.2) 1.00

*
Saline solution is used to clear the tubing and dialyzer of air and residual disinfectant. In some instances, some of the priming solution that has

passed through the circuit is delivered to the patient.
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Table 2

Clinical Characteristics of the 152 Adverse Reactions after Administration of Heparin.*

Characteristic All Reactions
(N = 152)

Probable
Reactions
(N = 116)

Definite
Reactions
(N = 36)

Time from administration of heparin to reaction
    — min

 During hemodialysis 5.1±9.1 5.3±10.0 4.5±6.2

 During treatment for cardiac conditions 14±17.2 15.9±17.7 1±0

 During photopheresis† 30±13.1 30±13.1 —

Manifestation — no. (%)

 Facial edema

  Any 36 (23.7) 0 36 (100)

  Lips 23 (15.1) 0 23 (63.9)

  Eyelids 17 (11.2) 0 17 (47.2)

  Throat 12 (7.9) 0 12 (33.3)

  Tongue 11 (7.2) 0 11 (30.6)

  Mouth 10 (6.6) 0 10 (27.8)

 Urticaria 5 (3.3) 0 5 (13.9)

 Low blood pressure 76 (50.0) 69 (59.5) 7 (19.4)

  Systolic pressure <80 mm Hg 17 (11.2) 14 (12.1) 3 (8.3)

 Nausea 74 (48.7) 56 (48.3) 18 (50.0)

 Shortness of breath 57 (37.5) 38 (32.8) 19 (52.8)

 Vomiting 37 (24.3) 27 (23.3) 10 (27.8)

 Tingling 36 (23.7) 28 (24.1) 8 (22.2)

 Flushing 35 (23.0) 31 (26.7) 4 (11.1)

 Tachycardia 33 (21.7) 29 (25.0) 4 (11.1)

 Diaphoresis 23 (15.1) 23 (19.8) 0

 Abdominal pain 17 (11.2) 12 (10.3) 5 (13.9)

 Diarrhea 8 (5.3) 7 (6.0) 1 (2.8)

 Loss of consciousness 6 (3.9) 6 (5.2) 0

 Chills 2 (1.3) 2 (1.7) 0

 Fever 1 (0.7) 1 (0.9) 0

 Difficulty swallowing 0 0 0

 Wheezing 0 0 0

Follow-up care — no./total no. (%)

 Blood cultures obtained‡ 32/144 (22.2) 26/109 (23.9) 6/35 (17.1)

 Evaluation in an emergency department§ 22/144 (15.3) 9/109 (8.3) 13/35 (37.1)

 Hospitalization§ 13/144 (9.0) 5/109 (4.6) 8/35 (22.9)

Use of intravenous heparin — no. (%) 149 (98.0) 115 (99.1) 34 (94.4)

Brand of heparin — no. (%)

 Baxter Healthcare 141 (92.8) 110 (94.8) 31 (86.1)

 APP Pharmaceuticals 6 (3.9) 4 (3.4) 2 (5.6)
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Characteristic All Reactions
(N = 152)

Probable
Reactions
(N = 116)

Definite
Reactions
(N = 36)

 Baxter or APP 2 (1.3) 1 (0.9) 1 (2.8)

 Not reported 3 (2.0) 1 (0.9) 2 (5.6)

*
Plus–minus values are means ±SD.

†
Although heparin is administered at the beginning of photophoresis, the patient is not exposed to it until later in the process.

‡
The total numbers exclude eight reactions (one definite and seven probable) owing to missing data.

§
The total numbers exclude the eight reactions (one definite and seven probable) that occurred in patients undergoing treatment for cardiac

conditions because these patients were hospitalized at the time of the adverse reactions.
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Table 3

Clinical Characteristics of the 106 Adverse Reactions in Patients Confirmed to Have Received Heparin
Contaminated with OSCS and with >20% OSCS.*

Characteristic
Reaction with OSCS-

Contaminated Heparin
(N = 106)

Reaction with Heparin
Contaminated

with >20% OSCS
(N = 18)

Case status — no. (%)

 Probable 89 (84.0) 16 (88.9)

 Definite 17 (16.0) 2 (11.1)

Patient population — no. (%)

 Dialysis 85 (80.2) 18 (100)

 Cardiac 7 (6.6) 0

 Photopheresis† 14 (13.2) 0

Time from administration of heparin to reaction — min

 During dialysis 4.8±9.0 3.7±1.7

 During treatment for cardiac conditions 15.9±17.7 —

 During photopheresis 30±13.2 —

Manifestations — no. (%)

 Facial edema

  Any 17 (16.0) 2 (11.1)

  Eyelids 11 (10.4) 0

11 (10.4) 1 (5.6)

  Tongue 5 (4.7) 1 (5.6)

  Mouth 5 (4.7) 2 (11.1)

  Throat 3 (2.8) 1 (5.6)

 Urticaria 2 (1.9) 0

 Low blood pressure 62 (58.5) 10 (55.6)

  Systolic pressure <80 mm Hg 10 (9.4) 0

 Nausea 49 (46.2) 12 (66.7)

 Vomiting 30 (28.3) 4 (22.2)

 Shortness of breath 27 (25.5) 7 (38.9)

 Flushing 27 (25.5) 4 (22.2)

 Tachycardia 26 (24.5) 0

 Tingling 26 (24.5) 7 (38.9)

 Diaphoresis 17 (16.0) 5 (27.8)

 Loss of consciousness 4 (3.8) 0

 Difficulty swallowing 0 0

*
Forty-six reactions are not included: 2 were in patients who did not receive OSCS-contaminated heparin, and 22 were in patients who may have

received OSCS-contaminated heparin but for whom receipt could not be confirmed; for the remaining 22 reactions, we did not receive lot
information and were thus unable to make a determination. Plus–minus values are means ±SD. OSCS denotes oversulfated chondroitin sulfate.

†
Although heparin is administered at the beginning of photophoresis, the patient is not exposed to it until later in the process.
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