CLINICAL TOXICOLOGY
hitpsi/fdolorg/10.1080/15563650.2020.1 739701

‘ez ) Taylor & Francis
Yay&%i&?;anﬁsﬁmup

B Check for H;?ﬁi:‘iﬁ?

CLINICAL RESEARCH

Cutaneous-hemolytic loxoscelism following brown recluse spider envenomation:
new understandings

d

Justin K. Loden® {8, Donna L. Seger™®, Henry A. Spiller® Li Wang® and Daniel W. Byrne®

TTennessee Poison Center, Nashville, TN, USA; ®Department of Medicine, Vanderbilt University School of Medicine, Nashville, TN, USA
“Central Ohio Poison Center, Columbus, OH, USA: “Nationwide Children's Hospital, Columbus, OH, USA; “Department of Biostatistics,
Vanderbilt University Medical Center, Nashville, TN, USA
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Background: Brown recluse spider (BRS) {Loxosceles reclusa) envenomation can cause local dermone-  Received 26 September 2019
crotic lesions, constitutional symptoms, and potentially fatal hemolysis {ie., cutaneous-hemolytic loxo- Revised 38 January 2020
scelism). As the incidence of hemolysis is low and the spider habitat is limited, little is known  Accepted 25 Febrary 2020
regarding the dlinical course of cutaneous-hemolytic loxoscelism. —

Methods: We performed a retrospective observational study of patients following BRS envenomation
over an eight-year period. Demographics, clinical course, laboratories, and interventions were assessed.
Wilcoxon rank-sum tests and Pearson chi-square tests were used in the univariate analyses. Logistic
regression assessed the independent contribution of symptoms in a multivariate analysis.

Results: Of the 97 patients, 40.2% {739} developed hemolysis; the majority {66.7%) were 1Byears
old or younger. Univariate analysis revealed that constitutional symptoms were associated with hem-
olysis, but multivariate analysis showed only myalgia (aOR: 7.1; 95% CI: 22-22.7; p < .001) and malaise
{(aOR: 12.76; 95% Ck 14-119.9; p= 026) were independently associated with hemolysis. The median
time to hemalysis onset was 1.0days (IQR: 1.0-2.5) and all occurred within a week of envenomation.
Hemolysis durations were longer in patients DAT positive for IGG antibodies (7.5 vs. 40days; p= 042}
Most (76.9%) of hemolyzing patients received blood. In patients with cutaneous-hemolytic foxoscelism,
hematuria occurred in 32.4%, rhabdomyolysis occurred in 60.9%, and elevated transaminases with nor-
mal hepatic synthetic function occurred in 29.4% but all of these patients developed rhabdomyolysis.
Hemolysis was both intravascular and extravascular, Complications (hyperkalemia, INR =20, metabaolic
acidosis requiring bicarbonate, hypotension requiring vasopressors, and hypoxia requiring intubation)
occurred only in patients with profound hemolytic anemia (hemoglobin <4 g/dL); one patient died.
Conclusions: Constitutional symptoms occur in both cutaneous and cutaneous-hemolytic foxoscelism,
although they occur more frequently in patients who develop hemolysis. Children may be at a higher
risk of hemolysis after envenomation. Renal involvement {(as evidenced by hematuria) and rhabdo-
myolysis may accur more frequently than has been previously reported. Hemolysis was both intravas-
cular and extravascular.

Loxoscelism; envenomation;
brown recluse
spider; hemolysis

introduction Cutaneous-hemolytic loxoscelism is defined as hemolysis
in the presence of the skin lesion [8l. This condition is also
known as “systemic loxoscelism”, but this is not an accurate
term as patients with cutaneous loxoscelism can have non-
specific constitutional symptoms {3,7-9]. The hemolysis can

be acute or insidious but usually develops within 96h of

Potentially fatal hemolysis can occur due to envenomation
by the North American brown recluse spider (BRS, Loxosceles
reclusa). The spider is endemic to the south-central portion
of the United States, with the majority of reported cases

from Tennessee, Arkansas, Missouri, and Kansas [1,2]. The spi-
der is not aggressive and must often be provoked, such as
trapping it against the victim’s body while sleeping or dress-
ing [31. In cutaneous loxoscelism, increasing pain with a viol-
aceous and pale lesion surrounded by erythema {the classic
red, white, and blue sign} develops in the first 24h [4,5]. The
lesion indurates and develops into a dry, necrotic eschar
approximately 7-10days after envenomation. The eschar
eventually sloughs off leaving an ulcer that typically heals
well without surgical intervention [5-71.

envenomation. Thrombocytopenia, disseminated intravascu-
lar coagulopathy, and acute kidney injury may also occur
{10-211. Death from cutaneous-hemolytic loxoscelism has
been reported more in children than adults [22-301. One of
the challenges in treating cutaneous loxoscelism is determin-
ing who will develop life-threatening hemolysis and there-
fore require hospitalization.

The aim of our study was to describe the clinical charac-
teristics and outcomes of patients who developed hemolysis
after BRS envenomation.
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Materials and methods
Study design and populntion

This was a retrospective observational study of patients with
BRS envenomation that were either seen in the emergency
department or admitted with consultation from the medical
toxicology service at Vanderbilt University Medical Center
{(VUMC), a tertiary-care academic medical center. Patients
from 1 January 2008 through 31 December 2015 were identi-
fied using the toxicology service records. Only BRS enveno-
mations confirmed by a medical toxicologist were included.
This study was approved by the Institutional Review Board of
YUMC (IRB# 170014).

Data collection

The following information was obtained for all patients from
their electronic medical record where available: demograph-
ics {age, gender, race), details of the envenomation (timing,
location, symptom onset), clinical observations (symptoms,
vital signs, physical examination)}, laboratory results, interven-
tions, and length of hospital stay (LOS). For each parameter,
the most extreme measurement appropriate (minimum or
maximum)} was recorded from the observations.

Definitions

The following definitions were used: tachycardia (HR »100
beats per minute {bpm} in adults or >normal in age group
{31]), hypertension (systolic BP >150mmHg in adults or
=normal in age group [311), hypotension (systolic BP
<90 mmHg in adults or < normal in age group [311), hyper-
kalemia K >55mEg/l), hypokalemia (K< 3.5mEqg/l), ele-
vated creatinine (increase >50% baseline), acidosis
{CO2 < 22mEg/L or pH <735}, hyperlactatemia (lactate
=2.2mmol/L), rhabdomyolysis (creatine kinase >300U/L or
positive myoglobinuria), alkaline urine {pH >6.9), elevated
transaminases {AST or ALT 100U/}, hematuria (&5 red
blood cells [RBCs] on microanalysis). The presence of hemoly-
sis was determined by the medical toxicologist{s) taking care
of the patient at the time of evealuation and based on

laboratory data, most specifically declining hemoglobin/hem-
atocrit. Hemolysis onset time was defined as the time in
days from envenomation to hemolysis {with 0.0days being
0-24h, 1.0days being 24-48h, etc). If the onset time was
not determined, then it was reported as unavailable.
Hemolysis duration was defined as the time in days from
hemolysis onset until the hemoglobin/hematocrit stabilized
and the urine dipstick was negative for blood. Time to emer-
gency department (ED) presentation was defined as the time
in days from envenomation to ED presentation {with 0.0 days
being 0-24h, etc).

Statistical anolysis

Descriptive statistics were used to report continuous varia-
ples as median and interquartile range (IQR} or mean with
standard deviation, as appropriate, Categorical variables were
given in terms of numbers and percentages. Comparison
between groups were performed using Wilcoxon rank-sum
tests for continuous variables and Pearson chi-square tests
for categorical variables. Logistic regression was used to
assess the independent contribution of symptoms in a multi-
variate analysis. Statistical significance was assessed using a
significance level of p Value of less than .05. Two-tailed stat-
istical tests were reported. All statistical analyses were per-
formed using R version 3.00.

Results

There were 97 patients with BRS envenomation identified
during the 8-year study period. The majority of envenoma-
tions {77.3%) occurred in the warm weather months between
May and September. The median age was 15years {IOR:
9.5-30.5, mean: 21.9, SD: 16.6) and approximately half were
female {54.6%). Thirty-nine {40.2%) patients developed hem-
olysis. Table 1 summarizes the patient characteristics of those
with and without hemolysis. There were no statistically sig-
nificant differences in age, gender, race, time to presentation,
or onset time of constitutional symptoms. More patients
with hemolysis {30.8%) were discharged and returned for
hospitalization than those without hemolysis ({13.8%;

Table 1. Demographics and characteristics of brown recluse spider envenomations.

Brown recluse spider envenomations {n=97}

tedian {OR) Hemolysis {39} Non-hemolysis (58} pValue
Age years 140 {75-23.5} 200 {12.2-320) 075%
18 years or younger {n (%)) 26 {66.7%) 28 {48.3%;} 074%%
Gender, female {7 {%)) 24 {61.5%) 29 {50.0%) 2EFF
Race 323
Caucasian {(n (%)) 23 {59.0%} 44 {75.9%)
African American {n (%) 13 {33.3%) 9 {15.5%}
Other {n (%) 3 {7.7%) 5 {8.5%:}
Time to presentation days 20 {1.0-3.0) 10 {1.0-3.0) 28*
Discharged and returned 12 {30.8%) 8 (13.8%) 04357
105 days 50{30-88x N=26 1.0 (00208 N==50 <001 ®
Constitutional symptom onset &
Same day S {23.184} 14 {28.0%); N =50
Next day 30 {76.9%} 36 {72.0%) N==50

IQR, interquartile range; LOS, length of stay.
*Wilcoxon rank-sum test.
**Pearson chi-square test,



these were not included in the return for hospitalization ana-
lysis. The median length of stay for patients with hemolysis
was 5.0days {IQR; 3.0-8.8, mean: 58, SIx 3.5) and 1.0days
QR 00-2.0, mean: 1.3, SD: 1.3) for those without hemoly-
sis {p < .001L

Hemolysis

The median time to hemolysis onset was 1.0days (IQR:
1.0-2.5, mean: 1.9, SD: 1.6}. Hemolysis was not apparent until
more than 96h after envenomation in 25.7% patients {(n =9/
35; information unavailable for four patients). All patients
‘developed hemolysis within a week of envenomation. The
median duration of hemolysis was 6.0days {IQR: 3.0-88,
mean: 5.7, SD: 2.4). Twenty-nine {74.4%) patients had direct
antiglobulin test {(DAT) results available: 62.1% were positive
for 1GG antibodies, 44.8% were positive for complement, and
31.0% were negative for both. Patients with DAT positive for
IGG antibodies had a median hemolysis duration of 7.5days
(IOR: 6.0-8.0), and patients with DAT negative for IGG anti-
bodies had a median hemolysis duration of 4.0days {IQR:
25-7.5, p= 042).

Clinical/laboratory findings and interventions

Clinical effects and laboratory findings of all patients are
summarized in Table 2. All comparisons were statistically sig-
nificant. All hemolysis patients had spherocytes on peripheral
blood smear. Patients with rhabdomyolysis had a median
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CPK of 1214 {IQR: 478-2325, mean: 2147, 5Dt 2441); three
patients were positive for myoglobinuria but had no CPK
evaluated. Seven patients with elevated creatinine had con-
comitant rhabdomyolysis. All patients with elevated transa-
minases had concomitant rhabdomyolysis. Hyperkalemia
{n=4), INR >2.0 {n=3), acidosis that required bicarbonate
administration {n -3}, and hypotension that required vaso-
pressor support {n =3} occurred only in patients with pro-
found hemolytic anemia themoglobin «<4g/dl). These four
patients developed severe anemic hypoxia requiring intub-
ation, one suffered cardiogenic pulmonary edema {(global
hypokinesis; ejection fraction 40%; peak troponin 4.35ng/
mb). A fifth patient refused blood transfusion for religious
reasons and subsequently developed profound anemia, but
more information was unavailable as she transferred to
another hospital. A sixth patient died of fulminant hemolysis
the day of envenomation; her case is discussed elsewhere
[271. Interventions performed on hemolysis patients are pro-
vided in Table 3. The most common was blood transfusion
{76.9%). The median dose of packed RBCs was 4.5 units {IOR:
4.0-70, mean: 40, SD: 24).

Censtitutional symptoms

Exanthem (78.49%), fever/chills {72.2%), malaise (68%]), and
myalgia (51.5%) were the most prevalent constitutional
symptoms. All patients who developed constitutional symp-
toms did so within 48 h of envenomation. In patients with a
defined hemolysis onset time (n- 35; information unavail-
able in four patients), constitutional symptoms developed on
the day of envenomation in 25.7% {(n—9) patients and the

Yable 7. Selected dinical effects associated with brown recluse spider envenomations.

Median {(IQR} or ¥ (%) Hemolysis {39} Non-hemolysis (58} p Value

Hematologic effacts
Hemoglobin {initial} 122 (11.1-13.7; N=39 13.5 {12.8-14.4) N==57 o01F
Hematocrit {initial} 365 {32.0-390% N=38 390 (370-420%; N=57 < 001*
Hemoglobin {nadir} 68 (5291 N=35 12.2 {11.6~13.05; N=38 < 0OV
Hematocrit (nadir} 200 {160-2608 N=37 350 {33.2-378; N=38 = 001*
Leukocytes {initial} 144 {107-213; N=38 8.3 {6.8-10.4) N==57 < 001*
Leukacytes {peak) 276 {148-303); N=39 83 (681045 N=57 < 001*
Thrombocytes {initial} 184 {123-2265; N=139 236 {196-274); N=57 <001
Thrombocytes {nadie} 140 {96-188); N=38 202 (175-242); N==38 < 001*®
INR {peak) 1.25 {1.10-1.50) N=38 1.30 {1.00-1.20% N==36 081"
Prothrombin time {peak) 153 {143-18.0 N=38 141 (1341465 N=36 <. 001%
Partial thromboplastin time {peak) 33.2 {30.0-368); N=37 29.9 [28.2-318); N=36 < 001*
Fibrinogen {peak) 581 {432-613) N=25 343 {335-420% N=17 < DOTF
D-Dimer {peak} 2,26 {1.44-383) N=21 054 (0.36-1.59; N==12 01 4"‘
LDH {peak} 1015 {540-1336) M= 27 213 {166-249); N=13 <.001*
Total bilirubin {peak} 585 {3.12-875;; N=34 0.70 (0.50-1.005 N=42 <001

Qther effects
Hypertension B (21.1%) N==38 0 (0% N=38 < 00
Hypotension G {23.7%; N=38 0 {0%); N==58 <, 001%F
Adidosis 21 {55.3%); N=38 8 {13.8%; N=58 < 00T
Alkaline urine 28 {73.7%) N =38 10 {17.2%) N=58 < 00T
Flevated creatinine 10 27.0%; N=37 0 (0%} N=58 <001
Elevated transaminases 10 {20.40%); N==34 2 (3.77%) N=33 < O01FF
Hyperlactatemia 13 {61.9%); N==21 0 10%); N=14 < 001
Hyperkalemia 4 {108%); N=37 0 (0%); N=58 1%
Hypokalemia 18 {48.6%); N==37 8 {13.8%; N=58 < opE
Hematuria 12 (324%); N=37 0 (0%); N=58 < 00T
UA dip blood positive 28 {75.7%) N=37 0 {0%); N=58 < OO
Rhabdomyolysis 14 (60.9%); N=23 1 {6.67%); N =15 <0015

INR, international normalized ratio; IQR, interquartile range; LDH, lactate dehydrogenase; UA, urine analysis.

*Wilcoxon rank-sum test.
##Pearson chi-square fest.
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day-after envenomation in 743% {(n =26} of patients. The
median time to hemolysis was 1.0days {IQR: 0.0~1.0, mean:
0.56, SD: 0.53} in patients who developed constitutional
symptoms the day of envenomation and 20days {iIQR:
1.0-3.8, mean; 2.38, SD: 1.6} in patients who developed con-
stitutional symptoms the day-after envenomation {p = .001).

Univariate and multivariate logistical regression analysis of
constitutional symptoms is shown in Table 4. All constitu-
tional symptoms were associated with hemolysis {p < .001).
However, multivariate analysis showed that only myalgia
{aOR: 7.1, 95% CI: 2.2-22.7, p < .001) and malaise (aOR: 12,76,
95% Ch 1.4-1199, p= .026) were independently associated
with the development of hemolysis (see Figure 1).

Discussion
Holecular mechanisms of hemolysis

BRS venom is a complex mixture of toxins, the maost clinically
significant being those of the sphingomyelinase-D/phospho-
lipase-D {PLD) family. Active isoforms of PLD have the ability
to produce an intense inflamnmatory response, dermonecrotic
lesions, hemolysis, thrombocytopenia, nephrotoxicity, and
pravoke a cytokine response resembling endotoxic/septic
shock {321 Most of the research on the interactions between
Loxosceles PLD and human erythrocytes comes from the
venom of Loxosceles intermedia, a brown spider found in
South America. Because reclusa PLD is 85% identical to inter-
media PLD [33], and both envenomations produce similar
clinical reactions [3.8], it is likely their venoms are compar-
able. In vitro research of Loxosceles PLD demonstrates two
possible mechanisms of hemolysis.

The first mechanism involves PLD catalytic activity on
phospholipids. The erythrocyte plasma membrane contains
five major phospholipids unequally distributed between the
inner and outer leaflets. Sphingomyelin is present on the
outer leaflet and phosphatidylserine on the inner leaflet.
Loxosceles PLD directly cleaves sphingomyelin which results
in the translocation of phosphatidylserine to the outer

Table 3. Interventions to hemolysis patients.

N (%)
Blood transfusion 30 (76.9%)
Antibiotics 24 {61.5%0)
Corticosteroids 11 {28.2%;
Intubation 4 {10.3%)}
Bicarbonate 3 {7.7%;)
Vasopressors 3 {7.7%)
Diuretics 377%)
Fresh frozen plasma 3 7.7%)
Platelets 2 {5.1%;
Yasodilators 1 {2.6%:

leaflet. These erythrocytes lose their biconcave shape,
become spherocytes and stomatocytes, and subsequently
cause extravascular hemolysis by splenic removal 341
Additionally, Cig directly binds to the erythrocyte mem-
brane, most likely to the newly exposed phosphatidylserine,
and initiates the classical complement pathway resulting in
hemolysis [35,36].

The second mechanism involves PLD activity on metalio-
proteinases. The erythrocyte plasma membrane contains
heavily glycosylated proteins, the most prevalent being gly-
cophorin-A, which ensure erythrocyte survival by preventing
spontaneous complement deposition. Erythrocyte exposure
to Loxosceles PLD results in the activation of an unspecified
endogenous metalloproteinase that cleaves extracellular por-
tions of glycophorin-A. This enhances C3b deposition to the
erythrocyte membrane and initiates the alternative comple-
ment pathway resulting in hemolysis [36-38]. Glycophorin-A
cleavage and complement-mediated hemolysis activity is
transferred from toxin-exposed erythrocytes to toxin-naive
erythrocytes, which explains the extent of hemolysis
observed after envenomation [38]l. In vitro incubation of
L. reclusa venom with erythrocytes revealed statistically sig-
nificant reduction in glycophorin-A expression and could be
used as a biomarker of venom exposure {391

Lutanevus-hemolytic Joxoscelism

Because we are a terfiary referral center in an area where
BRS envenomation is ubiguitous, the toxicology service eval-
uates a significant number of patients admitted to many dif-
ferent medical specialties. The toxicology service's treatment
recommendations are based on dlinical experience and
include: no ointments on the lesion {anecdotally we saw a
number of reactions to triple antibiotic ointment), ice applied
to the lesion for pain, no antibiotics, no corticosteroids, no
dapsone, and no surgical excision or incision/drainage.
However, there were a number of physicians caring for these
patients, so treatment was not consistent (i.e., especially the
disparity in administering antibiotics and corticosteroids}. The
recommendation to transfuse patients to a hematocrit of
30% was based on a consensus of physicians treating these
patients. As toxin-induced hemolysis can occur quickly, the
decision was made to keep the hematocrit at a reasonable
number to allow time for blood transfusion in a rapidly
hemolyzing patient. Attached is the consensus-based proto-
col that our institution followed during the study period (see
Figure 2}.

There have been three studies conducted at our institu-
tion on BRS envenomation with varying results. The first was
a 30-month {1993-1995) study that identified 111 patients

Table 4, Comparison of constitutional symptoms between hemolysis and non-hemolysis patients.

Symptom N {%} Hermolysis (39} Non-hemolysis {58} OR {95% {0 p Value aOR {95% Cf) p Value
Malaise 38 {57 4% 28 (483%) 40.7 {5.2-316.7) =001 12.76 {1.4-1199) 026
Myalgia 32 (82.1%) 18 (31.0%) 10.2 {38-22.3) <2001 73 {22227 < 001
Fever/chills 36 (92.3%) 34 {58.6%;} 85 (23-307) <001 1.73 0.26-11.43) 571
Nausea 28 (71.8%) 20 {34.5%} 48 (2.0-11.7) < 001 2.16 {0.68-6.88) 193
Tachycardia 26 {(66.7%} 18 {31.0%) 4.4 {1.9-10.6) 001 141 {044-447) 563
Exanthema 37 (94.9%) 39 (67.2%) 90 (2.0-41.4) 561 3.53 {0.53-23.34) R
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Figure 1. Comparison of constitutional symptoms between hemolysis and nen-hemolysis patients.

Guideline for Brown Recluse Spider Envenomation

{ Cutaneous Lesion Suggestive of
1 Srown Recluse Spider Envenomation

»»»»»»» ... Fever or Rash? .
¥ 3
Wound Care instructions Obtain Urinalysis
pNo Ointments
intermittent {ce for Pain i
¥
Follow-up with PCPin 24 Hours | No Urine Dipstick Positive Blood
] without RBCs on Microscopy? |
PCP to obtain urinalysis if the : ; -
patient develops fever or rash. | Yes
Return to £D for dark urine, ¥ .
Obtain Toxicology Consult
Admit to ICU
: ¥ Check CBC and DAT |
Hypotension, Tachycardia Type and Cross 4 units PRBCs |
or Hematocrit < 30
Mg~ I . Yes
i \"\)&
- Al fogy
Check Vitals OQth feit Hematmogy

Transfuse {type O if needed]
to maintain Hematoorit =30

Recheck Hematocrit Qlh

Figuse 2. Guideline for brown recluse spider envenomation.
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Draft Guideline for Brown Recluse Spider Envenomation

Cutaneous Lesion Suggestive of
Brown Recluse Spider Envenomation

s ey

Mo

%.
Discharge Patient Home

Wound Care Instructions
No Ointments

Yes

i
I ve:
FeverorRash? f——romeremy

¥

Obtain Toxicology Consult

i Check Loxoscelism Labs
5 Urinalysis, CBC, CMP, DAT

intermittent ice for Pain Reticulocyte, LDH
Haptogiobin, CPK
Foliow-up with PCP in 24 Hours. o
Return to ED for fever, rash, ‘
andfor discolored urine. kst )
F Urine Dipstick Positive Blood 1
| without RBCs on Microscopy? |
No -
§ & . Yes
L patient looks clinically unwell? |
No |
¥ oo
Yes Critical Care Pathway
e Check Vitals Qth
Recheck Hematoorit Q1h
intermediate Pathway i’ ol - i
Urinalysis with every void
dmitto the | ]
Ak boselingr Hypotension, Tachycardia
. Hematocrit < 307
Check Vitals XX i SrimmsRs o8 I
Recheck Hematoerit XX
Urinalysis with every void W Yes
- ¥
P p o
f H Admit to ICU
Admit to Step Down Unit i Alert Hematology

| CheckVitals Qh

Recheck Hematocrit Q1h

ure 3. Draft guideline for brown recluse spider envenomation.

Fig

who presented to the VUMC ED or toxicology dinic with a
suspected BRS envenomation. Such patients were identified
through a search of ICD-9 discharge diagnosis codes. Only
two (1.8%) patients developed hemolysis while 16 {14.4%)
had systemic symptoms and 24 {21.6%) had rash [7].

The second was a 20-year (1995-2015) study that used the
VUMC Synthetic Derivative, a de-identified database that con-
tains access to over 24 million patient electronic health
records, to locate 205 patients with suspected BRS envenom-
ation. This study identified 57 (27.8%) patients with moderate
to severe loxoscelism (defined as the presence of a docu-
mented diagnosis of hemolysis or disseminated intravascular
coagulation, need for blood transfusion, or hemoadynamic
instability), 58 (28.3%) patients with mild loxoscelism, and 90
{43.9%} patients with cutaneous-only symptorms [40]L

Our study is the third, an eight-year (2008-2015) observa-
tion that identified 97 patients with BRS envenomation con-
firmed by a medical toxicologist. We report a high frequency

s Transfuse {type O i needed} i

| to maintain Hematoerit >30 |

of hemolysis (40.2%, n=39} and constitutional symptoms
{78.4%, n ~76) in our cohort, One of the reasons for the dis-
parity from the previous studies may be the difference in
data collection. Our study may have identified patients who
were more ill, as all were referred to the medical toxicology
service, but it may not include patients admitted to other
medical services. No single data collection method identified
all the patients as demonstrated by the variability in results
from three studies conducted at the same institution.

Yet, the number of patients with hemolysis has markedly
increased over time. Only two patients with hemolysis were
reported from 1993 to 1995, 57 patients from 1995 to 2015,
and 39 patients from 2008 to 2015. The number of patients
captured in our study may be underestimated as there may
have been patients admitted to the hospital without medical
toxicology consultation. Whether this increase in frequency
of cutaneous-hemolytic loxoscelism is actual or spurious
is unknown.



In our series, the majority (66.7%} of patients with hem-
olysis were 18years old or younger, which is consistent with
previous reports [15,16,18}, and supports the hypothesis
that children are highly susceptible to hemolysis after
envenomation.

Although hemolysis is thought to occur within 96h of
envenomation [5], reports demonstrate hemolysis developing
much later {41]. Eight {61.5%) patlents in a previous series
{161 and nine {25.7%) in our study developed hemolysis
greater than 96h post-envenomation. Additionally, 12
{30.8%]} patients with hemolysis in our cohort were dis-
charged and returned for further hospitalization,

DAT was not consistently positive for either complement
or GG antibodies in hemolysis patients; 18 (62.1%, n =29}
patients were positive for 1GG antibodies, 13 (44.8%, n =29}
were positive for complement, and nine (31.0%, n= 29} were
negative for both, This contrasts to in vitro research which
demonstrated exposure of human erythrocytes to L reclusa
venom with a source of complement (eq. fresh frozen
plasma)} led to both IGG and complement deposition on the
erythrocyte membrane [30] The incidence of DAT positivity
in cutaneous-hemolytic loxoscelism is unknown, although
one case series reported 50% of patients were DAT positive
for 1GG antibodies [181. In our cohort, hemolysis lasted lon-
ger in |GG positive patients (7.5 days) compared to those
who were IGG negative (4.0 days).

Extraovascular versus intravoscular hemolysis

Most of the literature regarding cutaneous-hemolytic loxo-
scelism does not address whether the site of hemolysis is
intravascular or extravascular. Ouwr study demonstrated that
both were evident In patients with hemolysis. The initial
screening test for intravascular hemolysis is a urine dipstick
positive for blood with no or very few microscopically visible
erythrocytes [42], which was the case in 28 {75.7%, n—37)
patients with hemolysis. However, negative urine dipsticks
occurred in nine {24.3%, n-37) patients with hemolysis,
indicating that these patients must be only undergoing
extravascular hemolysis, especially in the setting of toxin-
induced spherocytosis and stomatocytosis. Qur study demon-
strates that both intravascular and extravascular hemolysis
may occur in loxoscelism which has not previously been
reported. Why only extravascular hemolysis would occur in a
subset of patients is unknown. As a result of this series, a
clinical practice committee is developing a new protocol
with the intent of safeguarding patients who would not be
identified with urinalysis but may be undergoing extravascu-
lar hemolysis {see Figure 3}.

Hematuria and nephrotoxicity

Although hematuria has been reported following envenom-
ation in South American studies, it has been reported in very
few cases of reclusa envenomation. Hematuria occurred in 12
(32.4%, n~- 37} patients who developed hemolysis, indicating
renal involvement which is supported by animal experi-
ments, Mice exposed to L. intermedia venom developed
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histopathologic findings of nephrotoxicity including diffuse
glomerular edema, focal collapse of the glomerular basement
membrane, erythrocytes in Bowman's space, and diffuse hya-
linization in the proximal and distal tubules. Biochemical
abnormalities in the treated mice included alkaline urine, ele-
vated BUN, and hematuria in the absence of hemolysis. The
renal injury is not associated with polymorphonuclear infiltra-
tion but is more likely mediated by cytokines [431 If reclusa
and intermedia toxin are similar, one could postulate that
envenomation causes nephrotoxicity manifested by hema-
turia In some patients. Whether this occurs prior to hemoly-
sis, concurrent with hemolysis, or is unrelated to hemolysis is
unknown. In a previous study, six {10.5%) patients with mod-
erate to severe loxoscelism developed an elevated creatinine
{increase >100% baseline} while three required hemodialysis,
although it is unclear who had underlying renal dysfunction
and why hemodialysis was performed [40]. In our study, 10
{27%, n =37} patients with hemolysis developed an elevated
creatinine  (increase >50% baseline) but none required
hemodialysis. The potential nephrotoxicity caused by
envenomation may be underestimated.

Hypokalemic

The hemolysis group had a much higher incidence of hypo-
kalemia than hyperkalemia (48.6% vs. 10.8%), with two
patients initially developing hypokalemia then hyperkalemia
later in the clinical course. Hyperkalemia, not hypokalemia, is
expected in patients with hemolysis and rhabdomyolysis due
to the release of intracellular potassium but was only found
in patients with profound hemolytic anemia (hemoglobin
<4 g/dL}). Hypokalemia could not be explained with concomi-
tant therapies. The hypokalemia may be due to renal tubular
acidosis induced by the venom [43] and is supported by the
presence of alkaline urine (73.7%).

Levkocylosiz

The jeukocyte count was significantly higher on presentation
in patients with hemolysis compared to those without hem-
olysis (144 vs. 8.3, p<.001}). Leukocytes continued to trend
upward in those with hemolysis but remained normal in
patients without hemolysis. The etiology of leukocytosis is
fikely multifactorial. Incubation of human cells with L. reclusg
venom in vitro induced a 6.4-fold increase in granulocyte-
macrophage colony-stimulating factor (GM-CSF} release by
four hours [44] which would cause brisk leukocytosis. A
stress reaction from myalgia that occurs in the first 24 h after
envenomation would also cause early leukocytosis [4,45]
Patients with acute hemolytic anemia may experience leuko-
cytosis both as a stress reaction and as an increase in leuko-
cyte production with the concomitant increase in erythrocyte
production {45]. Also, corticosteroids frequently cause acute
and persistent leukocytosis [46] {which 28.2% of hemolysis
patients received).
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Rhabdoemyolysis and transamingses

Although elevated transaminases occurred in 10 {29.4%,
n - 34) patients, there was no indication of hepatic synthetic
dysfunction; all patients with elevated transaminases had
concomitant rhabdomyolysis. Rhabdomyolysis occurred in 14
{60.9%, n =23} patients, whereas creatinine doubled in 10
{27%, n=37) patients. Seven patients with elevated creatin-
ine had concomitant rhabdomyolysis.

Limitations

There are several limitations to our study. First, the retro-
spective design of our study incurs possible inaccuracies in
history and missing data. Second, BRS envenomation is a
clinical diagnosis as there Is no commerciaily available test to
detect the venom. However, the patients in our study were
diagnosed by a team of medical toxicologists with significant
experience in dealing with these envenomations. Third, hem-
olysis onset times were limited to whole days after bite and
would be more accurate if calculated in hours and there may
have been patient recall bias. Fourth, the potential false-
negative urine dips for blood in hemolysis patients could
affect the overall estimation of hemolysis onset and duration
times. Fifth, selection bias may have occurred as only those
patients referred to a medical toxicologist were included in
the study.

Conclusions

Constitutional symptoms have been reported in both forms
of loxoscelism, although they occurred more frequently in
patients with cutaneous-hemolytic loxoscelism. Exanthem
and fever/chills were the most common constitutional symp-
toms among both the groups. Children appear 1o be at a
higher risk of developing hemolysis. Hemolysis may develop
beyond 96h of envenomation but typically occurs within a
week. Hemolysis durations were longer in patients with DAT
positive for IGG antibodies. For the first time, we have dem-
onstrated that hemolysis is both intravascular and extravas-
cular. Renal involvement, as evidenced by hematuria,
elevated transaminases without alteration in hepatic syn-
thetic function, and rhabdomyolysis occurred in a significant
number of patients. The extent of organ involvement in cuta-
neous-hemolytic loxoscelism may be underestimated.
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