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Abstract

Objective: To determine whether patients with undiagnosed hereditary spherocytosis hospitalized for transfusions might
have avoided hospitalization via earlier diagnosis.

Study design: Charts of all (N=30) patients with hereditary spherocytosis seen in pediatric hematology at West Virginia
University-Charleston were reviewed. Family and transfusion history and presence of neonatal jaundice were recorded.
Complete blood count and reticulocyte values during infancy were available for 20 of 30 patients, while baseline steady-state
values were available for all 30.

Results: Transfusions were given to 22 patients; |12 of 14 with an aplastic crisis were undiagnosed. In 10 of 12, the severity
of anemia led to hospitalization (3 to intensive care). All 10 had prior mean corpuscular hemoglobin concentration and/or
red cell distribution width elevations and a history of neonatal jaundice; 7 of 10 had a positive family history.

Conclusions: Undiagnosed hereditary spherocytosis may lead to inpatient transfusions for severe anemia. Earlier detection

of hereditary spherocytosis is easily achievable and may reduce hospitalizations via closer monitoring.
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Background

Hereditary spherocytosis (HS) is the most common inherited
cause of hemolytic anemia in Caucasians, with an estimated
incidence of one in 2000 to one in 5000 in ethnically north-
ern European populations.' The underlying problem is a
defect in the red cell membrane, leading to a shortened red
cell lifespan. Numerous mutations have been described
which have been associated with a wide spectrum of clinical
severity.2#

The diagnosis is usually made in childhood, with anemia,
jaundice and/or splenomegaly as major presenting clinical
features. Inheritance is most commonly autosomal
dominant with a family history known or identifiable in
approximately 75% of patients. The remainder represents
new mutations or relatively uncommon autosomal recessive
forms of the disease.!?

The shortened red cell lifetime is reflected in a chroni-
cally elevated reticulocyte (retic) count. However, since a
retic count is not part of a routine complete blood count
(CBC), prior studies have sought to identify findings on the
routine CBC that are strongly suggestive of HS. Previous
reports have identified the mean corpuscular hemoglobin

concentration (MCHC) and red cell distribution width
(RDW) as key parameters suggesting the diagnosis of HS.>-¢
Incubated osmotic fragility (OF) testing has traditionally
been viewed as confirmatory, although more sensitive tech-
niques have been reported.”

It is well known that infections, especially parvovirus
infections, can lead to erythroid precursor arrest and thus the
development of profound anemia/aplastic crisis in patients
with shortened red cell survival at baseline.® A known diag-
nosis of HS might lead to earlier detection of aplastic crises,
thus avoiding severe anemia and hospitalization for transfu-
sion as illustrated by the following case.
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A 5-year-old female patient (patient 28) presented to our
emergency room with abdominal pain, fever and head-
aches. She had a 6-day history of feeling ill with intermit-
tent fevers. On examination, the patient was pale,
tachycardic and lethargic. There was a I1I/VI systolic ejec-
tion murmur. CBC showed hemoglobin (Hgb) of 3.6 with
0% retics. The patient was admitted for transfusion, and
pediatric hematology was consulted. Family history was
positive for HS, including that of the father, who had under-
gone splenectomy at 8years of age. Studies obtained on
this child in her first 5 years of life included seven CBC
tests, three retic counts, three ferritin levels, three serum
iron tests and one each of iron binding capacity, B12, folate
and hemoglobin electrophoresis. Review of prior CBC val-
ues showed consistently elevated RDW and MCHC; retic
count was elevated in all three prior studies. In spite of this
family history and abnormal laboratory findings, the patient
had never been seen by pediatric hematology nor diagnosed
with HS. An OF test 3 months after transfusion was consist-
ent with HS.

Patients and methods

After approval by the Charleston Area Medical Center/West
Virginia University institutional review board (IRB), all
patient charts coded as spherocytosis were identified via a
comprehensive review of institutional records. As this was a
retrospective chart review of existing patients, the IRB indi-
cated that no patient consent was needed. All patient data
were de-identified and the records were maintained in a
locked office. A total of 30 patients with a confirmed diag-
nosis of HS were seen between 1 January 1990 and 31
August 2013. All available institutional records as well as
supplemental records from primary care physicians were
evaluated.

Each patient chart was reviewed to determine age at diag-
nosis, family history, jaundice in the newborn period (with
peak bilirubin levels), infant CBC (earliest values available
at age =< 13 months), baseline (steady-state) CBC and retic
count, development of aplastic crisis, need for transfusion
and location of initial transfusion (outpatient, hospital or
intensive care unit). Since the number of CBC determina-
tions was highly variable, baseline values were selected as
representative of the patient in a state of good health. All
patients with abnormal baseline MCHC and/or RDW values
had these consistently regardless of the number of CBC tests
available for review. Detailed family history and initial
transfusion location were reviewed and confirmed with par-
ents of the patients.

Patient number (PN) was assigned consecutively; missing
data in Table 1 (baseline values) indicate inability to locate
this information. PNs in Table 2 (patients admitted for trans-
fusion) identify the same patients consecutively numbered in
Table 1 to enable comparisons of baseline values for these
patients.

Results

Of the 30 patients, 20 had CBC data available from the first
13 months of life (1 RDW missing); the others had no such
retrievable data, likely due to the age of some records. All
had baseline data available during childhood (1 RDW miss-
ing). All red cell parameters were reviewed: mean corpuscu-
lar volume and mean corpuscular hemoglobin were
consistently normal. The MCHC and RDW values from the
infant data are displayed in Figure 1(a) and (b), respectively.
Since we had considerable variability in age at first obtaina-
ble CBC, no calculations were done for this group. However,
18 of 19 available RDW values were elevated as were 16 of
20 MCHC values. The only patient with a normal infant
RDW had an elevated MCHC and a positive family history.
The patient missing an RDW had an elevated MCHC. Both
patients had substantially elevated RDW values later in life
(baseline).

The baseline values in all 30 patients as well as history of
neonatal jaundice (NJ), family history, initial transfusion age
and baseline retic counts are shown in Table 1. Baseline val-
ues were all obtained prior to splenectomy and after 2 years
of age (except patient 2 at 14 months). We used institutional
abnormal values for MCHC (= 34.8g/dL) and RDW (>
14%) which were virtually identical to those used by
Michaels et al.> Our MCHC values showed a mean of 35.9
with a standard deviation of 0.93; 27 of 30 were elevated.
The RDW values demonstrated a mean of 19.5 with a stand-
ard deviation of 4.0; 28 of 29 available values were elevated.
All patients had elevated MCHC and/or RDW.

NI (indirect bilirubin =15) was documented in 26 of 30
patients, including all who were transfused at the time of ini-
tial presentation. The median age at diagnosis was 15 months;
the mean of 40 months was skewed by the five patients diag-
nosed between 90 and 183 months and was 21 months when
those patients were excluded. We did not evaluate the mean
age of first abnormal CBC since there was no consistent age
for which we were able to obtain CBC results and data were
thus limited. Many patients had a stated history of anemia at
ages earlier than we were able to retrieve any CBC results.
Every patient had some abnormality (Hgb, MCHC, RDW or,
if obtained, retic count) in every CBC but the number of such
tests was highly variable for different patients. OF was posi-
tive in 27 of 27 patients; in three cases; this test was elec-
tively omitted due to positive family history with laboratory
findings consistent with the diagnosis (MCHC, RDW, retic
count).

Of the 30 patients, 22 had a history of transfusion, with 12
being transfused at initial presentation, prior to diagnosis or
pediatric hematology referral; 10 of these 12 were transfused
as inpatients. The other 10 included 2 premature infants who
were multiply transfused in the neonatal intensive care unit
prior to diagnosis, 7 being followed by pediatric hematology
(all transfused as outpatients) and 1 who was chronically
transfused for over 2 years prior to referral.
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Table I. History and baseline lab values.

PN FH N]J TX Aage MCHC, g/dL RDW% Retic%
| Y Y None 34.6 14.1 3.8
2 Y Y 2m 35 20.3 9.5
3 N N None 36 14.1 6
4 Y Y 76m 36 25 12
5 N Y 35m 349 16.1 8.9
6 Y Y 84m 38 - 10.6
7 Y Y 21d 36.5 23 10
8 Y Y l6d 35 21.5 7
9 Y Y 17d 354 19.4 9.6

10 Y Y 8d 36.2 17.8 6.5

Il Y Y 91l m 35 204 7.7

12 Y Y None 36.8 17.1 42

13 N Y 13d 36.7 20.8 8.7

14 Y Y 108 m 36 28 11.8

15 Y Y 183 m 37.5 20.5 I1.5

16 Y Y 42m 34.7 28.3 13.8

17 N Y Infant 35.2 18.4 8

18 N Y 21d 345 26 12

19 Y Y NICU 36.7 12.7 2.7

20 Y Y 25m 35.5 20.4 2.4

21 N Y 160m 37.5 18.5 9

22 Y Y 114m 36.4 15.2 5.4

23 N Y NICU 35.5 24.2 13.1

24 Y N None 35.8 14.5 2.4

25 Y Y None 35.6 20.6 18.6

26 Y N None 36.3 18.4 12.8

27 Y Y None 35.7 19 3

28 Y Y 60m 36 17 5

29 Y Y 47m 35.3 19 7

30 Y Y None 37.5 16.5 4

PN: patient number; FH: family history; Y: positive; N: negative; NJ: neonatal jaundice; TX Age: age at first transfusion in days (d) or months (m); MCHC:
mean corpuscular hemoglobin concentration; RDW: red cell distribution width.
MCHC mean=35.9; standard deviation=0.93; RDW mean = [9.5; standard deviation =4.0.

Table 2. Inpatient transfusions: previously undiagnosed patients.

PN FH N]J TX Age DX Age Min Lag Hgb Retic% Location
2 Y Y 2m 6m 4m 6.2 14.5 INPT
5 N Y 3.5m 12m 3.5m 4.6 12 PICU
6 Y Y 84m 90m 42m 6.4 3.1 INPT
I N Y 9lm 92m 86m 5.5 23 INPT
14 Y Y 102m 108m 78m 28 ND PICU

I5 Y Y 183m 186m [57m 4.0 25 INPT

16 Y Y 42m 47m 42m 53 22 PICU

21 N Y 160m 164m 34m 6.2 9.2 INPT

28 Y Y 60m 63m 46m 3.6 0 INPT

29 Y Y 47m 50m 37m 52 2.7 INPT

PN: patient number (corresponds to Table I); FH: family history; NJ: neonatal jaundice; TX Age: age at first transfusion in days (d) or months (m) (all
from Table |); DX Age: age at diagnosis in months; Min Lag: minimum lag time in months (from earliest known abnormal complete blood count to DX
Age); Hgb: hemoglobin at time of admission; Retic%: retic count at time of admission; Location: location of transfusion; INPT: general inpatient ward,
PICU: pediatric intensive care unit.
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Figure 1. (a) Infant MCHC: mean of 36 is represented by black dot, shaded area indicates 90% of all data and dotted line shows cutoff
for abnormal MCHC (34.8¢g/dL). (b) Infant RDW: mean of 19.5 is represented by black dot, shaded area represents 90% of data and

dotted line shows cutoff for abnormal RDW (14%).

MCHC: mean corpuscular hemoglobin concentration; RDW: red cell distribution width.

The 10 patients admitted for transfusion without an estab-
lished diagnosis of HS were all profoundly anemic (mean
Hgb 5) as seen in Table 2, which includes admission Hgb and
retic counts. Based on clinical concerns about cardiovascular
stability, three patients were admitted to the pediatric inten-
sive care unit (PICU) for monitoring during the initial trans-
fusion while the other seven were admitted to the general
inpatient (INPT) ward. Three of these 10 patients had a sig-
nificant retic response but were transfused due to symptoma-
tology and/or other clinical concerns.

A particular focus of our study was to determine diagnos-
tic lag time, measured as the time from which initial labora-
tory and/or historical features strongly suggested HS to the
time at which the diagnosis was actually established, espe-
cially evaluating those patients admitted for transfusion prior
to diagnosis. Lag times are certainly underestimated due to
our inability to obtain earlier childhood records or initial
CBC results and are thus based on the earliest known CBC.
Lag times shown in Table 2 suggest that HS could have been
diagnosed well prior to the patients presenting with severe
anemia. In addition, 23 of 30 patients (Table 1) had a positive
family history, although this was often not obtained until
after the patient was seen at our center or was not appreciated
as being of significance.

Discussion

Others have shown that MCHC and RDW are highly predic-
tive of HS.>® Michaels et al.’> evaluated 112 patients
>12months of age and found MCHC >35 and RDW >14
(almost identical to values we used) to have a sensitivity of

50% and a specificity of 100% for the identification of HS.
Christiansen and Henry reviewed over 150,000 live births in
the Intermountain Healthcare system and concluded that
90% of the infants with HS were not diagnosed as early as
possible. They also found that an MCHC =36 had 82% sen-
sitivity and 98% specificity for identification of HS.¢
Elevated MCHC values are also seen in direct antiglobulin
test positive hemolytic anemia. However, Christiansen and
Henry found the MCHC values significantly higher in HS
patients and noted that a negative antiglobulin test essen-
tially eliminates the diagnosis of antibody-mediated hemo-
lytic anemia.

Our study certainly confirms that elevated MCHC and/or
RDW imply HS regardless of the age of the patient. Every
patient with available data had an elevated MCHC and/or
RDW both in infancy (Figure 1(a) and (b)) and at post-
infancy baseline (Table 1). Combined with a history of NJ
and a positive family history (often not obtained), these fea-
tures very strongly suggested HS. Unlike the prior larger
studies, we obtained detailed follow up and focused on
severe anemia or aplastic crisis as the initial presentation of
HS in undiagnosed patients. We sought to determine whether
patients hospitalized for aplastic crises might have been
diagnosed prior to that event, based on a routine CBC as well
as patient and family history. We did not consider the retic
count in this analysis since this is not routinely ordered by
primary care physicians.

A recent policy statement from the American Academy of
Pediatrics® recommends routine screening for anemia via
determination of Hgb value at 12 months of age (unless eval-
uated at an earlier age for clinical reasons). This statement



Steward et al.

indicates that only 40% of anemia detected via such screen-
ing is due to iron deficiency. While the statement does not
mention obtaining a CBC, we would suggest that a CBC
(preferably with a retic count) as well as family and dietary
history be obtained; we believe that findings suggestive of
HS via history/ MCHC/RDW/retic count should lead to a
pediatric hematology referral.

Our study is limited by retrospective data collection and
having only 30 patients. However, we tracked the detailed
history of each patient and found that all who required admis-
sion for emergency transfusions were admitted prior to the
diagnosis of HS (Table 2), with 3 of the 10 being admitted to
the PICU based on clinical judgments. The mean hemo-
globin value for these 10 patients was 5 g/dL. Seven of these
10 patients had a positive family history (only obtained in 2
prior to being seen at our center and not felt to be of signifi-
cance in either case). All eight of the patients hospitalized
between 42 and 183 months of age with severe anemia/aplas-
tic crises had abnormal CBC findings documented between
34 and 157 months prior to their admission. This represents
an underestimate of lag time since earliest CBC results could
often not be obtained. These eight older patients included six
with a positive family history which had either not been
obtained (5) or was not appreciated as relating to a diagnosis
of HS (1).

Conclusion

Infants and young children with a history of otherwise unex-
plained NJ and findings of elevated MCHC and/or RDW on
a CBC should have their family history carefully examined
(mild cases may be unknown to the family and/or have only
a history of gallstones), should have a CBC and retic count
check and should be referred to pediatric hematology for fur-
ther evaluation of possible HS.

Earlier referral to pediatric hematology should enable the
diagnosis of HS to be established at a younger age, thus
reducing the lag time to diagnosis of HS. With an estab-
lished diagnosis and heightened awareness, it should be
possible to monitor patients more closely and detect impend-
ing aplastic crisis sooner. We can only hope that that prior
diagnosis, education and greater awareness would lead to a
lower threshold for checking a CBC/retic count in the mildly
symptomatic patient; it is not possible to prove that earlier
diagnosis would lead to changes in behavior on the part of
parents or primary care physicians. This would not change
the need for transfusions but hopefully would allow needed
transfusions to be given on an outpatient basis in less

severely anemic patients, as was true for all seven patients
being followed up by pediatric hematology, who required
transfusions. Potential consequences of severe anemia, such
as silent cerebral ischemia and infarction,!? as well as hospi-
talization costs could thus be avoided. Additionally, diag-
nosed patients would be spared the trouble and costs of
repeated lab testing aimed at uncovering the cause of the
anemia, as is illustrated by the patient (patient 28) described
in the “Background” section.
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