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Capsule Summary

The incidence of in-hospital anaphylaxis in pedtagurgical patients has more than doubled
between 2003 and 2012. Patients with hematologimdlmyeloproliferative disorders,

particularly when admitted for bone marrow transplare at especially heightened risk.
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Tothe Editor:

While several population-based epidemiological ismithave evaluated the incidence of
anaphylaxis in children and its change over tirae; have focused specifically on anaphylaxis
occurring during hospitalization. The purpose @ 8tudy is to assess the incidence and risk

factors of in-hospital anaphylaxis in children atted for surgery.

Data for this study came from the Kids’ Inpati®atabase (KID), which accounts for
over 95% of all pediatric inpatient hospital adriiss in the United Staté€.The KID is
released every three years. This study was bas#dted003, 2006, 2009, and 2012 KID
datasets. In-hospital birth admissions and patiegésl 18 years or older at admission were
excluded from analysis. Children were identifiechaging had anaphylaxis if they received a
primary or secondary diagnosis with InternationkasSification of Diseases, Ninth Revision
(ICD-9) codes for anaphylaxis or anaphylactic sh@96.0) or for an anaphylactic reaction to
serum (999.4). These two codes were chosen bettaysbave shown a high positive predictive
value (PPV) for anaphylaxis when evaluated in iigmatsamples (77.4%)Medical admissions
were identified by a medical diagnosis-related grDRG) code and surgical admissions by a
surgical DRG' Since children who present to the hospital witapnylaxis are unlikely to be
admitted for a surgical procedure, diagnoses oplaylaxis during surgical admissions were

interpreted as having developed during hospitatimataind likely iatrogenic in nature.

Descriptive statistics and regression analyselisnstudy were calculated using weighted
data® Using all available years of data, a total of 3lifgical admissions were found to have a
diagnosis of anaphylaxis, while 1,750,151 did Aototal of 3,320 medical admissions had a

diagnosis of anaphylaxis, while 7,817,791 did @ftanaphylaxis diagnoses, the ICD-9 code
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995.0 was used in 96.4% of surgical admissionsSan@Po of medical admissions, while the
code 999.4 was used in the remaining admissitms.overall incidence of anaphylaxis in
medical and surgical admissions more than doubddaden 2003 and 2012 (Figure 1). Of
anaphylactic episodes that occurred during medidalissions, depending on the year, 64-68%
were coded as the primary diagnosis, whereas 9% IfiGanaphylaxis diagnoses in surgical

admissions were coded as a secondary diagnosis.

The overall in-hospital mortality ratio for childrevas 0.38% (0.75% for surgical
admissions and 0.43% for medical admissions). mHespital mortality ratio for children who
developed anaphylaxis during surgical admission 2v48%, significantly higher than the in-
hospital mortality ratio for pediatric surgical jgatts who did not develop anaphylaxis (0.7%0,
= 0.0004). Yet, the in-hospital mortality ratio famildren with any diagnosis of anaphylaxis
during medical admission, 0.29%, was not signifiyadifferent from the in-hospital mortality

ratio for pediatric medical patients without a diagis of anaphylaxis (0.43%~= 0.21).

The characteristics of children with and withonaphylaxis during a surgical admission
were evaluated. Of the 315 pediatric surgical patigvith anaphylaxis, 15.6% were admitted for
hematological and myeloproliferative disorders, paned to 1.5% of all pediatric surgical
patients (see ETable | in Online Repository). Aaracteristics were included as covariates in a
multivariable logistic regression model and thesipeindent association between each covariate
and the diagnosis of anaphylaxis was evaluatedri@savith missing covariate data were
excluded from analysis. To accommodate small @adlss some major diagnostic categories
(MDCs) were merged together for regression analggis ETable 1l in Online Repository).
Factors associated with significantly increasedsaatios of anaphylaxis included older age,

larger hospital size, teaching hospital status,té/agegion of the United States, and admissions
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for respiratory and cardiovascular diseases (TRblehe strongest association, however, was
with hematological and myeloproliferative disordexith an estimated odds ratio of 13.47 (95%
confidence interval, 8.99-20.19) compared to digeshepatobiliary, and endocrine disorders,
the most common reason for pediatric surgical asions. Of the children admitted for
hematological and myeloproliferative disorders, damarrow transplant admissions accounted
for 68.2% of admissions with an anaphylactic eveat,only 21.4% of admissions without
anaphylaxis. The incidence of anaphylaxis in ckeiidundergoing bone marrow transplant was
485.9 per 100,000 admissions, 27 times the incel@nthe general pediatric surgical population
(18.1 events per 100,000 surgical admissions). &lyehildren who underwent bone marrow

transplant accounted for 13.3% of the anaphylardglence in surgical admissions.

In this study, we found anaphylaxis during pedtasurgical admissions to be associated
with several patient and hospital variables, a3 ashn increased risk for mortality not seen in
medical admissions. A particularly strong associatvith anaphylaxis was found with
admissions for hematological and myeloproliferatii@rders, especially for bone marrow
transplants. While it is not possible to deterntimetriggering agent for anaphylaxis using this
dataset, chemotherapeutic agents and more recemicinoal antibody treatments have been
recognized causes of immediate hypersensitivityaaraphylaxis in bone marrow transplant
patients, but these events have typically only lmeEmrumented in case reports or as adverse
events in clinical trial§® The exact mechanism for hypersensitivity to thegents is unclear,
and while mild to moderate reactions are relativv@gmon, severe hypersensitivity reactions
are thought to be rafeSince severe hypersensitivity after treatment witemotherapy has not
been well described in a population-based studyndidence may be underestimated, resulting

in inadequate preparation for responding to thesats.
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Despite its relatively rare occurrence, in-hospat@phylaxis is a serious event that can
lead to significant morbidity and mortality. Itugorth noting that while the PPV for anaphylaxis
diagnostic codes 995.0 and 999.4 in inpatient ceca relatively high, the sensitivity of these
codes is unclear. Thus, it is likely that theseesostill underestimate the true incidence of
anaphylaxis in the pediatric population. Given plogentially life-threatening nature of an
anaphylactic episode, our findings of a strong esson between bone marrow transplant and
anaphylaxis may direct future studies to evaluaésons for this association and methods to

reduce its occurrence.
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The content of this publication is solely the resgbility of the authors and does not necessarily

represent the official views of the AHRQ or CDC.
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150  Figurel. Incidence of Anaphylaxis as a Primary or Secon@aagnosis in Surgical and

151  Medical Admissions.



Tablel. Multivariable Logistic Regression including Risk Factors for Anaphylaxisin Surgical

Admissions.
Risk Factors OR Estimate (95% CI)
Age 1.05(1.03-1.07)
Sex
Male (Reference)
Female 1.07 (0.85-1.35)
Admission type
Elective (Reference)
Emergent 0.83 (0.65-1.05)
Hospital bed size
Large (Reference)
Medium 0.66 (0.50-0.87)
Small 0.63 (0.43-0.93)

Hospital location

Urban

(Reference)

Rurd 0.79 (0.36-1.71)
Hospital teaching status
Non-teaching (Reference)
Teaching 2.86 (1.87-4.37)
Hospital region
South (Reference)
Northeast 0.95 (0.66-1.36)
Midwest 1.34 (0.97-1.86)
West 1.72(1.28-2.31)
Major diagnostic category
Digestive, hepatobiliary, endocrine disorders (Reference)
Nervous system disorders 1.20 (0.73-1.98)
Eye, ear, nose, throat disorders 0.68 (0.37-1.26)
Respiratory disorders 3.00 (1.78-5.07)
Cardiovascular disorders 2.43 (1.55-3.80)
Muscul oskeletal and skin disorders 1.18(0.81-1.72)
Hematological and myeloproliferative disorders 13.47 (8.99-20.19)
Other disorders 1.17 (0.78-1.76)

OR = odds ratio, Cl = confidence interval, (Reference) = reference value for each variable
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ETablel. Demographic and Hospital Characteristics of Pedi&urgical Admissions.

Surgical Admissions

Reference Anaphylaxis
(n=1,750,151) (n = 315)
Age, median (1QR) 10 (2 - 15) 11 (5 - 15)
Sex, n (%)
Male 929,726 (53.1) 165 (52.3)
Female 795,820 (45.5) 151 (47.7)
Missing 24,606 (1.4) 0 (0.0)
Admission type, n (%)
Elective 694,649 (39.7) 154 (48.8)
Emergent 1,047,051 (59.8) 160 (50.8)
Missing 8,451 (0.5) *
Hospital bed size, n (%)
Large 996,221 (56.9) 198 (62.9)
Medium 456,532 (26.1) 68 (21.4)
Small 228,134 (13.0) 31(9.8)
Missing 69,264 (4.0) 19 (5.9)
Hospital location, n (%)
Urban 1,574,911 (90.0) 290 (91.8)
Rural 105,976 (6.1) *
Missing 69,264 (4.0) 19 (5.9)
Hospital teaching status, n (%)
Non-teaching 418,680 (23.9) 28 (8.9)
Teaching 1,262,208 (72.1) 269 (85.2)
Missing 69,264 (4.0) 19 (5.9)
Hospital region, n (%)
South 609,057 (34.8) 93 (29.4)
Northeast 300,090 (17.2) 45 (15.4)
Midwest 380,653 (21.8) 76 (24.2)
West 460,351 (26.3) 101 (32.1)
Missing 0 (0.0) 0 (0.0)
Major diagnostic category, n (%)
Digestive, hepatobiliary, endocrine disorders 35,323 (30.6) 61 (19.5)
Nervous system disorders 144,133 (8.2) 26 (8.2)

Eye, ear, nose, throat disorders 163,382 (9.3) 15 (4.8)
Respiratory disorders 53,088 (3.0) 20 (6.2)
Cardiovascular disorders 125,033 (7.1) 38 (11.9
Musculoskeletal and skin disorders 396,8487R2. 62 (19.5)
Hematological and myeloproliferative disorders 26,541 (1.5) 49 (15.6)
Kidney and reproductive disorders 110,283 (6.3) 12 (3.7)
Other disorders 195,118 (11.2) 33 (10.6)

IQR = interquartilerange



*These data are not presented as the report ofalatey subgroup with 10 or fewer subjects is
prohibited by the Healthcare Cost and Utilizationjéct Data Use Agreement.

Note: Absolute numbers presented are based on tediglata. Total percentages for some
variables may not sum exactly to 100% due to rauméh the presented values.



ETablell. Merged Mgjor Diagnostic Categories (MDCs) used in Demographic and Regression

Analyses.
Merged Disease Categories Used MDC Associated M ajor Diagnostic Category
in Analyses Codes
Nervous system disorders 1 Diseases and disorders of the nervous
system
Eye, ear, nose, throat disorders 2 Diseases and disorders of the eye
3 Diseases and disorders of the ear, nose,
mouth, and throat
Respiratory disorders 4 Diseases and disorders of the respiratory
system
Cardiovascular disorders 5 Diseases and disorders of the circulatory
system
Digestive, hepatobiliary, endocrine 6 Diseases and disorders of the digestive
disorders system
7 Diseases and disorders of the hepatobiliary
system and pancreas
10 Diseases and disorders of the endocrine,
nutritional, and metabolic system
Musculoskeletal and skin disorders 8 Diseases and disorders of the
musculoskeletal system and connective
tissue
9 Diseases and disorders of the skin,
subcutaneous tissue, and breast
Kidney and reproductive disorders 11 Diseases and disorders of the kidney and
urinary tract
12 Diseases and disorders of the male
reproductive system
13 Diseases and disorders of the female
reproductive system
Hematological and 16 Diseases and disorders of the blood and
myeloproliferative disorders blood-forming organs and immunological
disorders
17 Myeloproliferative diseases and disorders
(Poorly differentiated neoplasms)
Other disorders 14 Pregnancy, childbirth, and puerperium
15 Newborn and other neonates (Perinatal
period)
18 Infectious and parasitic diseases and
disorders (Systemic or unspecified sites)
19 Mental diseases and disorders
20 Alcohol/drug use or induced mental
disorders
21 Injuries, poison, and toxic effect of drugs



22
23

24
25

Burns

Factors influencing health status and other
contacts with health services

Multiple significant trauma

Human Immunodeficiency Virus (HIV)
infection




