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Abstract

Background: Transfusion-associated circulatory overload (TACO) is a severe adverse reaction
(AR) contributing to the leading cause of mortality associated with transfusions. As strategies to
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mitigate TACO have been increasingly adopted, an update of prevalence rates and risk factors
associated with TACO using the growing sources of electronic health record (EHR) data can help
understand transfusion safety.

Study Design and Methods: This retrospective study aimed to provide a timely and
reproducible assessment of prevalence rates and risk factors associated with TACO. Novel natural
language processing (NLP) methods, now made publicly available on GitHub, were developed

to extract ARs from 3,178 transfusion reaction reports. Other patient-level data were extracted
computationally from UCSF EHR between 2012 and 2022. The odds ratio estimates of risk factors
were calculated using a multivariate logistic regression analysis with case-to-control matched on
sex and age at a ratio of 1:5.

Results: A total of 56,208 patients received transfusions (total 573,533 units) at UCSF during
the study period and 102 patients developed TACO. The prevalence of TACO was estimated to be
0.2% per patient (102/ total 56,208). Patients with a history of coagulopathy [OR, 1.36; 95% ClI,
1.04-1.79] and transplant [OR, 1.99; 95% ClI, 1.48-2.68] were associated with increased odds of
TACO.

Discussion: While TACO is a serious adverse reaction, events remained rare, even in
populations enriched with high-risk patients. Novel computational methods can be used to find
and continually surveil for transfusion ARs. Results suggest that patients with history or presence
of coagulopathy and organ transplant should be carefully monitored to mitigate potential risks of
TACO.

INTRODUCTION

Blood transfusions have been associated with various types of adverse reactions ranging
from the most commonly reported, febrile non-hemolytic transfusion reactions (FNHTR) or
allergic reactions to rare but potentially life-threatening reactions such as transfusion-related
acute lung injury (TRALI) and transfusion-associated circulatory overload (TACO).12
TACO, described as having volume overload following transfusion, is a severe reaction that
has been recognized as the leading cause of mortality associated with blood transfusions.2
While the pathophysiology of TACO has not been well-studied, it has been primarily
attributed to poor adaptability to volume changes.3 Classic clinical presentations include
hydrostatic pulmonary edema, positive fluid balance, and hypoxemia.®

Rates of TACO reported in prior published literature vary from 1 to 12% of transfused
patients.>® Notable risk factors known to be associated with TACO include history of heart
failure, renal failure, coagulopathy, and exposure to plasma or receiving multiple blood
products concurrently.>7-12 While diuretics are effective in removing fluids in patients,
clinical benefits of pre-medicating patients with diuretics to prevent TACO have not been
conclusive.13-15 In addition, a recent analysis published by Roubinian et al indicated

the increased risks of developing TACO with the use of diuretics prior to transfusions.”
Although prior studies have shed light on rates and potential risk factors associated with
TACO, many of the study populations were limited more than five to a decade ago.>-16-19
As awareness and strategies to mitigate TACO have been broadly adopted to improve blood
transfusion safety in recent years, an update of rates and potential risk factors associated
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with TACO could be useful to understand blood transfusion safety in the context of current
clinical practices.

This study aimed to provide a new assessment of prevalence of TACO and risks

associated with development of TACO in patient populations enriched with high-risk
patients, using a now nearly ubiquitous source of clinical data: electronic health records
(EHR). We developed a novel natural language processing algorithm to automate the
identification of TACO cases in transfusion reaction workup reports at our academic health
center. Subsequently, we investigated potential risk factors with patient-level characteristics
including comorbidities, medication exposures, and blood transfusion exposures using a
multivariate logistic regression parsimonious model.

METHODS

Data Sources

This retrospective case-control study using clinical data collected through routine clinical
care was approved by the UCSF Institutional Review Board (protocol 20-31164). All
patient-level data pertinent to clinical care were extracted from the de-identified University
of California San Francisco Clinical Data Warehouse (UCSF CDW) on September 6, 2022.
UCSF is a tertiary academic treatment center. The CDW, which refreshes every three
months, contains structured electronic health records (EHR) of approximately 5 million
unique patients at UCSF.

A total of 3,178 unstructured transfusion reaction reports documenting potential reactions
from 2,202 unique patients between 2012 and August 30, 2022 were retrieved by the

UCSF Clinical and Translational Science Institute. These reports, known as the “Transfusion
Reaction Workup”, document the reviews and assessments of any potential transfusion
reactions reported at UCSF and were carried out by clinicians specialized in laboratory
medicine. The assessments follow definitions described in the National Healthcare Safety
Network (NHSN) Hemovigilance Module Surveillance Protocol published by the Centers
for Disease Control and Prevention.20 Briefly, the definitions included case definitions

that define types of transfusion reaction, severity definitions describing varying levels of
reaction severity, and imputability definitions that classify the likelihood of the reaction
being attributed to blood transfusion.2? The semi-structured parts of the transfusion reaction
workup reports provides the diagnosis of the reaction and is amenable to regular expression-
based (rule-based) extraction since it is included in all transfusion reaction workup reports.

Study Population

A total of 56,208 unique patients who received blood transfusions at least once at UCSF
between January 1, 2012 and August 30, 2022, a total of 2,202 (3.9%, 2,202/56,208) unique
patients developed potential reactions which subsequently lead to transfusion reaction
investigations and the resulting a total of 3,178 transfusion reaction reports. The overall
patient populations who received blood transfusion during the study period will be used to
calculate the prevalence rate of TACO. In the case-control study investigating potential risk
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factors associated with TACO, we focused on patients who received inpatient transfusion as
these may represent higher risk populations.

Patients with TACO were identified from the transfusion reaction report using a custom-
written rule-based natural language processing (NLP) algorithm described below (hereafter
termed the NLP algorithm) (Figure 1). Any transfusion reaction with imputability deemed
less than “definite” or “probable” was considered not to be attributed to the blood
transfusion. Hence, the true TACO cases included in this study were limited to 1) when
“TACO?” or “transfusion-associated circulatory overload” were diagnosed as the transfusion
reaction type and 2) the imputability was deemed either definite or probable by the
clinician. Transfusion reactions found in 1,533 (48.2%) of 3,178 transfusion reaction reports
were deemed not attributed to blood transfusion with imputatbility less than “definite” or
“probable” (Figure 2).

In the retrospective case-control study, the TACO case and control cohorts were constructed
from the overall patient population receiving transfusion at UCSF (Figure 3). Specifically,
the inclusion criteria for the TACO case cohort were adult patients who received inpatient
transfusion at UCSF during the study period (between 2012 and August 2022), with at least
one documented confirmed TACO in a transfusion reaction report, and have transfusion
records available immediately (within 3 days) prior to the onset of TACO. Of the 102
unique patients with TACO identified from the transfusion reaction workup reports, 91
patients were retrievable in the de-identified UCSF CDW. 71 of the 91 patients met the
inclusion criteria and were included in the TACO study cohort. The inclusion criteria for
the overall control cohort (N = 25,156) were any adult patients who received inpatient
transfusion during the study period, did not receive fluid management (e.g. diuretics
treatments) immediately (within 3 days) after transfusion, and did not develop any other
transfusion reaction documented in transfusion reaction reports. Patients who received

fluid managements after blood transfusion may be highly indicative of developing volume
overload symptoms which is a key representing symptom of TACO. Due to the potential

of under-reporting and under-diagnosing of TACO, these patients were not included in the
control cohort for this analysis. To construct the final control cohort for analysis, patients in
the overall control cohort were randomly selected and matched to each TACO case with age
and sex at a ratio of 5 to 1.

Variables and End Points

The end points included in this study were the rates of TACO in our patient population

and the odds ratio (OR) estimates of covariates associated with TACO. To identify the
confirmed TACO cases, we extracted variables included reaction date, reaction type, case
definition, severity, and imputability of the corresponding transfusion reactions from each
transfusion reaction reports. To understand the clinical presentation and management of
TACO, we extracted additional variables from the UCSF CDW including the variables
related to the transfusion itself such as blood product type and volume transfused. The total
units transfused for each patient was calculated by dividing the sum of the total volume
transfused for each blood type by the average volume per unit for each blood product type
(300 ml/unit for red blood cell, 250 ml/unit for plasma, 250 ml/unit for platelet, and 100
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ml/unit for cryoprecipitate). Other variables such as maximum of laboratory and flowsheet
values for blood pressure, body temperature, heart rate, respiratory rate, radiology scores
from chest X-ray, and the B-type natriuretic peptide (BNP) (if measured) within one day
following the onset of TACO were extracted to characterize the clinical presentation of
TACO. For clinical management, we focused on the use of diuretics, hemodialysis, oxygen
device support, and the fraction of inspired oxygen.

Furthermore, additional covariates including comorbidities, medications exposures, and
blood transfusions were extracted from the UCSF CDW and included in the case-control
analysis. Specifically, the history or presence of comorbidities were identified based on

the International Classification of Diseases (ICD)10 codes and the Elixhauser Comorbidity
Index was adopted for the disease classifications.?! For covariates related to medication
exposures, we focused on the identifying the inpatient administration of diuretics within
three days prior to blood transfusions. When the ICD10 diagnosis codes for comorbidities or
medication administration records for diuretics were not found, we assumed patient did not
have such comorbidities or treatment. For blood transfusion related covariates, we focused
on the blood product type and if patients received multiple blood product types at once.
Missing values were found in laboratory values including BNP and x-ray scores (Table 1).
Missing value imputation was not needed as these laboratory values were not included in the
multivariate logistic regression analysis.

Regular Expression-Based NLP

We developed a rule-based NLP method to extract key features of transfusion reactions
including reaction dates, types, case definitions, severities, and imputabilities from the
semi-structured portion of the transfusion reaction reports (Figure 1). NLP algorithms are
sets of algorithms that can process language texts to perform tasks including information
extraction, relation extraction, name entity identification, and language understanding.

Our rule-based NLP algorithm specializes in information extraction, specifically the key
transfusion reaction features from the reaction reports. The algorithm first identifies the key

mentions in the text, including phrases such as “transfusion reaction dates”, “transfusion
reaction impression”, “case definitions”, “severity”, and “imputability”. These key mentions
were identified in an automated manner by pattern matching. For instance, the specific text
“Imputability:” was considered a key mention, over any other mention of “imputability” in

the document.

The algorithm then subsequently extracts and standardizes text following the key mentions
as the outputs. For instance, “severe” following the key mention of “Severity:” was
extracted and standardized to “Severe” as the final output. Any dates extracted following the
“transfusion reaction date:” were standardized into “mm/dd/yyyy” format. All standardized
extractions (dates, reaction types, case definitions, severity, and imputabilities) were
collected into a tabular data format. All corresponding features for each transfusion reaction
were extracted if more than one reaction was identified in the transfusion reaction report.
The performance of the NLP algorithm was validated manually by reviewing the transfusion
reaction reports. Specifically, we assessed the algorithm’s specificity and sensitivity at
identifying TACO cases by reviewing a total of randomly sampled 50 transfusion reports, of

Transfusion. Author manuscript; available in PMC 2024 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

Page 6

which 25 were TACO-positive and 25 were TACO-negative reaction reports for a confidence
interval of 85% and a margin of error of 10%. The performances of the algorithm for
reaction dates and imputabilities corresponding to each reaction achieved 100% accuracies
(eFigure 1). For reaction types, the algorithm achieved 100% accuracy in identifying

TACO cases and ranged between 95 and 100% for other reaction types. This rule-based
NLP algorithm has been made openly available on GitHub (https://github.com/m10wang/
btar_rulebasedNLP). 22

Statistical Analysis

RESULTS

Median, range, and percentage were provided to describe the clinical representations and
management of patients following the onset of TACO (Table 1). The prevalence rates of
TACO per patient was calculated based on the total number of distinct patients who received
blood transfusions as the denominator.

In the retrospective case-control study, patients in the control cohort were matched to

each TACO case with age and sex at a ratio of 5 to 1 using the exact-matching method.

The odds ratios and 95% confidence intervals (Cl) of covariates were estimated using the
multivariate logistic regression model. The multivariate logistic regression model was fitted
in 355 control patients versus 71 patients who developed TACO (5 control to 1 case). The
multivariate model was a parsimonious model and the covariates in the model were selected
based on domain knowledge and prior literature of potential biological relevance to TACO
(eFigure 2).49:17.24-26 The covariates included patient demographics (age and gender),
comorbidities (congestive heart failure, renal failure, liver disease, organ transplant, cancer,
hypertension, coagulopathy, pulmonary disease, and anemia), and medication exposures
(diuretics), and blood product exposures. Specific blood product exposure covariates such
as receiving multiple blood product types, red blood cells as single blood product type,
platelets as single blood product type, and transfusion volume were included in the
multivariate analysis to account for the exposure differences (eTable 1). Transfusion unit was
not included as a covariate as it is correlated with transfusion volume. Potential collinearity
of the covariates was measured with variance inflation factors (eFigure 3). We have also
conducted sensitivity analysis to explore the variability of OR estimates in case to control
matched at ratios of 1:7 and 1:10 (eFigure 4).

The rule-based NLP algorithm and logistic regression were performed in Python 3.7.3.
Python modules, statsmodels version 0.11.1 and re version 2.2.1, were used.

TACO Patient Characteristics

The clinical characteristics and treatments for a total of 71 patients with TACO were
summarized in Table 1. The median age was 62 with 28 (39.4%) patients older than 65 years
old. 54 (76.1%) of these patients were found with a history or presence of comorbidities
previously described as associated with TACO such as congestive heart failure (22.5%),
renal failure (25.4%), coagulopathy (66.2%), and organ transplant (33.8%). A total of 49
(69.0%) patients received more than one type of blood product on the day of TACO onset.
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The median total cumulative transfusion volume three days prior to TACO onset was 1.15
L with high variability amongst patients. Nearly half (37, 47.9%) of TACO patients were
admitted by malignant hematology hospital services, followed by hospital medicine (13,
18.3%) and liver transplant services (7, 9.9%).

Following the onset of TACO, the median BNP value was found elevated at 300 pg/mL

and ranged between 40 and 3270 pg/mL. The median of radiology scores for chest X-rays
was 3, systolic and diastolic blood pressures were 159 and 79 mm Hg, respectively. In
addition, the median peak body temperature was 100.6 °F and a total of 41 (57.7%) patients
developed fever. We observed a positive median 1.8 L fluid changes during the hospital
stay starting three days prior to until the date of TACO. A total of 63 (88.7%) of patients
received diuretics and/or hemodialysis to remove fluid following the onset of TACO. Of the
63 patients, the majority of patients (47, 74.6%) received furosemide as a monotherapy. A
total of 57 (80.3%) patients required oxygen support to alleviate hypoxemia, and 8 (11.3%)
patients received oxygen through ventilators.

Rates of TACO

Across all the transfusion reaction reports, only a total of 107 cases (102 unique patient) of
TACO were identified. As a result, the prevalence rate of TACO overall was estimated to be
0.18% (102/ total 56,208 patients) per patient.

Risk Factor Analysis

The multivariate logistic regression found increased odds of TACO associated with having
history or presence of comorbidities of coagulopathy [OR, 1.36; 95% CI, 1.04-1.79],
transplant [OR, 1.99; 95% CI, 1.48-2.68] (Figure 4). Patients who required diuretic
therapies [OR, 1.31; 95% CI, 0.96-1.78] prior to transfusion, receiving multiple types of
blood transfusion products [OR, 1.58; 95% CI, 0.93-2.71], higher transfusion volumes [OR,
1.20; 95% Cl, 0.86-1.66], and having comorbidities of congestive heart failure [OR, 1.24;
95% ClI, 0.90 to 1.69] or hypertension [OR, 1.18 ; 95% CI, 0.85 to 1.64] were associated
with increased odds of TACO but did not reach statistical significance.

DISCUSSION

We found the prevalence rate of 0.2% per patient of TACO as much as five-fold lower
than previously reported rates in existing literature, despite that more than half of the
patient population at our tertiary-care academic medical center have a history or presence
of comorbidities associated with higher odds of developing TACO (eFigure 5). The rates
we observed are likely stemming from the different approaches we took to identify “true”
TACO cases compared to other existing literature. At UCSF, any suspected transfusion
reaction reported to blood bank prompts the investigation and documentation of the potential
transfusion reaction. In each transfusion reaction workup report, the transfusion reaction
date and diagnosis of the type of transfusion reaction will be documented along with
assessment of if the reaction was caused by blood transfusion (imputability). We excluded
any TACO cases where the imputability was deemed “possible”, “ruled out”, or “not
determined”. Our methods, while are reproducible and can ensure that the TACO cases
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identified were true TACO cases, could lead to under-estimation of rates of TACO compared
to rates reported in existing literature. Existing literature primarily identified TACO cases
through individual chart reviews, which may possibly contribute to over-estimation as
criteria used to identify TACO could be different and the imputability aspect was often

not considered. In addition, in our logistic regression analysis, we further excluding

patients, in the control cohort, who received fluid managements immediately after receiving
transfusions. These patients could potentially have had TACO but were not reported to blood
bank.

These adult patients with TACO were characterized based on demographics, comorbidities,
transfusion exposures, hospital services, laboratory measurements, vital signs, fluid balance,
and medical interventions following the onset of TACO. It is worth noting that a high
percentage (76.1%) of TACO patients were found to have comorbidities of congestive

heart failure, renal failure, coagulopathy, and organ transplant. The higher number of
patients receiving combination of blood products, hospital services in malignant hematology,
and organ transplant reflect that many of these patients may be patients with cancer or
undergoing transplantation who may often require larger transfusion volumes and multiple
types of blood products. The laboratory measurements, clinical management, and vital signs
summarized in Table 1 shows the common clinical presentations of TACO which include
elevated body temperature, blood pressure, positive fluid balance, pulmonary edema, and
hypoxemia. In addition, although the median BNP value was elevated, high variabilities
observed indicating the need for better characterization of BNP changes in patients with
TACO which was highlighted by a recent study validating definitions of TACO by Wiersum-
Osselton et al.2” Interestingly, the median peak of body temperature was 100.6 °F and more
than half (57.7%) of patients developed fever following the onset of TACO. While fever

was previously reported in roughly one third of TACO patients28, it was found with higher
prevalence in our patient cohort which further coincided the possible role of inflammation in
the pathophysiology of TACO, or may reflect the underlying high rate of fever in malignant
hematology and post-transplant inpatients due to their underlying diseases. The primary
clinical management strategies for symptomatic alleviations were diuretics or hemodialysis
for fluid removal and oxygen support for hypoxemia.

Patients with history or presence of comorbidities such as coagulopathy and organ transplant
were found associated with increased odds of TACO highlighted the need of careful
monitoring for these patients. Interestingly, though did not reach statistical significance,
receiving diuretic therapies prior to transfusions was also found associated with increased
odds of TACO. Although pre-medicating patients with diuretics to prevent TACO has not
yet been widely recommended due to unclear clinical benefit,1° it is not impossible to

have scenarios where patients were already presenting characteristics such as shortness of
breath and positive fluid balance, which could prompt the decision to preemptively initiate
fluid managements strategies (diuretics) prior to transfusions. Consequently, the clinical
implication of such observed association of the use of diuretics and the increased odds of
TACO could potentially imply that the use of diuretics in removing excessive fluids prior to
transfusions may not suffice or not aggressive enough to mitigate TACO effectively in the
small percentage of patients that experienced TACO. However, if we believe that diuresis is
an effective method of preventing TACO in at risk patients and that provider education has
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led to improved management of these patients and lower rates of TACO, we would expect
the minority of patients who still experience TACO to be those for whom diuresis was
ineffective or insufficient. Additional studies are warranted to further validate our hypothesis
and investigate potential subgroup of patients who may need more aggressive preventative
strategies to effectively mitigate TACO. Other comorbidity factors such as congestive heart
failure and hypertension did not significantly increased odds of TACO in our study. We
hypothesize that this observation could be due to the awareness of TACO risks in high-risk
patients especially with congestive heart failure and hypertension leading to providers to
pay extra attention to mitigate risk of TACO when administering transfusions. However, this
hypothesis requires additional studies with larger sample sizes to confirm. Preferably, cross-
institution studies can help support investigating impact of different clinical management
strategies to risk of TACO in sub-populations prior to transfusions.

LIMITATION

Our study represents an updated assessment of TACO prevalence rate and risk factor
analysis using an efficient and reproducible approach to extract the outcomes from blood
transfusion reaction reports using an NLP algorithm. This retrospective study is subject
to selection bias as all study cohort and covariates were retrospectively identified using
the EHR data at UCSF. As previously mentioned, we focused on the “true” TACO cases
by extracting clinician’s assessments from transfusion reaction reports. Although true
cases of TACO can be extracted accurately and reliably, this approach may introduce
selection bias as well as recording bias by limiting to reactions reported by clinicians. A
computational algorithm that can accurately identify and distinguish the “true” TACO cases
using structured EHR data may reduce such selection bias and could further enable better
generalizability for future active surveillance system as electronic health record systems
have been widely adopted across the United States.

For the multivariate logistic regression analysis, we constructed a directed acyclic diagram
(DAG) to identify key covariates to adjust in order to minimize potential biases (eFigure2).
The DAG was constructed based on domain knowledge and prior literature to depict the
potential correlations between key covariates affecting the exposure (transfusion) and the
outcome (TACO). However, it is possible that the proposed DAG could be incomplete
resulting in missing potential (unknown) confounding covariates. Hence, our findings cannot
support causal relations between risk factors and TACO.

Lastly, this retrospective study represents experiences from a single tertiary treatment
center with a relatively small sample size for number of TACO cases. As a result, the
generalizability of our findings may be limited. However, the study method, specifically, the
NLP algorithms that can reliably extract transfusion reactions from the transfusion reaction
reports, are made available on GitHub for other researchers to adopt and study the outcome
and prevention of TACO. However, the trends and associations identified may be worth
exploring in future multi-institutional studies with larger cohort size from a more diverse
patient population.
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CONCLUSION

In summary, we developed novel computational methods to better identify rare adverse
reactions associated with blood transfusions and the findings could provide an updated
view of prevalence of TACO in high-risk patient populations. We found much lower
prevalence rate of TACO in UCSF transfusion populations highlighting that while TACO

is the most common severe blood transfusion reaction, it remained rare even in high-risk
patient populations. This research could provide an updated view of the prevalence of
TACO in high-risk patient populations receiving blood transfusions. The risk factors we
identified associated with TACO were largely aligned with previous studies. Patients with
history or presence of coagulopathy and organ transplant should be carefully monitored

to mitigate potential risks of TACO. Additionally, the increased odds of TACO found in
patients requiring diuretics prior to blood transfusions could suggest that more aggressive
fluid management strategy may be one of several strategies warranted in a small minority of
patients to prevent risks of developing TACO. Our analysis provides important insights into
identifying patients who may be at increased odds of developing TACO as well as improving
clinical management through its mitigation. Finally, our work shows the utility of EHR data
to find and monitor for rare blood-product based adverse events.
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Redacted transfusion reaction workup

Rule-based NLP

UCSF MEDICAL CENTER DEPARTMENT OF LABORATORY MEDICINE DIVISION OF TRANSFUSION MEDICINE
TRANSFUSION REACTION WORKUP ~ Patient Name: D08 Gender
Date of transfusion reaction Time of transfusion reaction: Product ID:
complaint: respiratory distress
8 Rh(D)-positive female with a history of metastatic pancreatic cancer, SLE
ITP_ a5 well a5 a recent DVT/PE on apixaban, who is admitted for a
| the patient received 3 units of platelets. Specifically, these

History: The patient s a|
complicated by nephritis and secondas
likely lower Gl bleed. O

Impression: Transfusion-associated adverse reaction*: Transfusion Associated Circulatory Overload (TACO)
[TR35] Case definition: Definitive Severity: Severe Imputability: Definite The patient developed acute
onset of respiratory distress after receiving > 1 L of fluid in the form of platelet transfusions in the setting of
pre-existing poor renal function. Subsequently, after modest diuresis and an initial decline in BNP, as well as
an initial period without obvious pulmonary edema on imaging, the BNP increased and pulmonary edema
became apparent. These findings meet the 'definitive' criteria for Transfusion Associated Cardiac Overload
(TACO) according to the Healthcare Safety Network (NHSN) criteria®. The severity of this reaction is
deemed 'severe' as the patient’s respiratory distress required treatment, and the patient later required
transfer to the ICU. The imputability is defined as ‘definitive’ because although the patient had underlying
kidney disease that could explain the circulatory overload, the large volume transfused, indicates that
transfusion is a certain contributor Transfusion rel I |

evidence of circulatory overload

*The case definition, severity and imputability of the transfusion-associated adverse reaction are in

accordance with the current NHSN Hemovigilance Module Surveillance Protocol
cdc.g P I pdf). 1. There

are no contraindications to further transfusions in this patient. Slowing the rate of transfusion of all blood
products is recommended (approximately 1 mL/kg/hr, not to exceed 4 hours from time of spiking) to
prevent TACO. In addition, closely monitoring the patient's volume status, avoiding multiple transfusions in
a short time interval, and giving diuretics during, before, or after transfusion as clinically appropriate can
help to decrease the chance of volume overload. 2. The blood bank will provide volume-reduced platelets
to this patient indefinitely in order to help prevent further volume overload. ~This case was discussed with
or [ This evaluation was undertaken at the request of the clinical service.
Ihave personally worked-up this case. Resident MD#

Step 1. Identifying key terms

“Date of transfusion reaction:”
“Transfusion-associated adverse reaction:”
“Case definition:”

“Severity:”

“Imputability:”

Page 13

Tabular Data

Step 2. Extracting texts following key terms

“Date of transfusion reaction:” XX/XX/XXXX
“Transfusion-associated adverse reaction:” Transfusion
Associated Circulatory Overload (TACO) [TR35]

“Case definition:” Definitive

“Severity:” Severe

“Imputability:” Definite.

Step 3. Standardize extractions

Transfusion Associated Circulatory

Overload (TACO) [TR35] — TACO
Definitive Definitive
Severe Severe
Definite. Definite

id | Date Reaction | Case Severity | Imputability
type definition
1 XXIXX/ TACO Definitive Severe Definite
XXXX
N XXIXX/ FNHTR Probable Non- Probable
XXXX severe

Figure 1. Blood transfusion reaction extractions using a rule-based NL P algorithm.
This illustration shows the workflow of transforming semi-structured transfusion reaction

workups to tabular data using a rule-based NLP algorithm developed specifically to extract
features of transfusion reactions including transfusion reaction date, type, case definition,
severity, and imputability. The transfusion reaction workup report shown here has been
truncated and redacted for illustration purposes. NLP: Natural language processing.
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0.1%

e
TRALI: 3

Unconfirmed BTAR: 1533

DHTR: 46

DSTR: 95

3178 Transfusion - TACO: 107
Reaction Workups

FNHTR: 671

ATR: 724

Figure 2. Adver sereactions extracted from transfusion reaction reports.
The donut chart shows the breakdown of types of adverse reactions attributed to blood

transfusions found in 3178 transfusion reports from 2202 unique patients. BTAR: Blood
transfusion adverse reaction, ATR: Allergic transfusion reaction, FNHTR: Febrile non-
hemolytic transfusion reaction, TACO: Transfusion- associated circulatory overload, DSTR:
Delayed serologic transfusion reaction, DHTR: Delayed hemolytic transfusion reaction,
HTR: Hypotensive transfusion reaction, TAD: Transfusion-associated dyspnea, AHTR:
Acute hemolytic transfusion reaction, TTI: Transfusion-transmitted infection, TRALI:
Transfusion-related acute lung injury, PTP: Post transfusion purpura.
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All transfusions
N = 56,208

\4

Inpatient
transfusions
N =42,623
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\4

v

Age <18
N = 5,479

Adult patients
N = 37,144

Documented TACO
from transfusion
reaction report *

N =80
Lack of transfusion records
immediate prior to
transfusion reaction
N = 9 v \ 4
TACO cohort Control cohort
N=71 N = 25,156

Figure 3. Study cohort selection.
The overall control cohort included all adult patients receiving transfusions inpatient

between 2012 and July 2022. Patients who have had prior transfusion reactions or
receive fluid management after transfusions were excluded. TACO: Transfusionassociated

circulatory overload.

Received fluid
management (diuretics
and hemodialysis)

N = 10,442

* 91 of 102 patients identified from transfusion reaction reports were retrievable from the
UCSF CDW. 80 of 91 patients were adults and received inpatient transfusion at UCSF
during the study period.
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Demographics

Male - |

Transfusion Products
Multiple Blood Product Types- :

Total Transfusion Volumes; '

Single Blood Prodcut Type: Platelets{ =
Single Blood Prodcut Type: Red Blood Cells{ =
Treatment

Fluid Management
Comorbidities Coagulopathy -
Transplantation
Congestive Heart Failure- '
Hypertension - ;
Anemia - :
Pulmonary Circulation Disorders '
Liver Disease - :

Cancer —

Renal Failure- ' =

Age >= 65 —&

0.5

Figure 4. Risk factors associated with TACO.

15 2.0 255
OR(95%Cl)

The potential risk factors with mean odds ratio and confidence intervals estimated using the
multivariable logistic regression model are shown. Significant risk factors are highlighted
in pink markers. The markers are grouped into separate categories for drug exposures,
comorbidities, transfusion products, and demographics. TACO: Transfusion-associated

circulatory overload.
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Table 1.

Patient baseline characteristics and clinical presentations following development of TACO.

Patient Characteristics Overall (n=71)

Sex —n (%)

Female — n (%) 40 (56.3)
Male - n (%) 31 (43.7)

Race — n (%)

American Indian or Alaska Native 1(1.4)
Asian 19 (26.8)
Black or African American 3(4.2)
White or Caucasian 33 (46.5)
Other or Unknown 15 (21.1)

Age — median (IQR) 62.0 (51.0, 69.8)
Age 2 65 years — n (%) 28 (39.4)

Any High Risk Comorbidities — n (%) 54 (76.1)
Congestive Heart Failure 16 (22.5)
Coagulopathy 47 (66.2)
Renal Failure 18 (25.4)
Organ Transplant 24 (33.8)

Blood Transfusion Product Type and Volume
Multiple Blood Product Types — n (%) 49 (69.0)

RBC + Platelets 31 (43.7)

RBC + Platelets + Plasma 14 (19.7)

Platelets + Plasma 2(2.8)

RBC + Plasma 1(1.4)

RBC + Platelets + Plasma + Cryoprecipitate | 1(1.4)
Single Blood Product Type — n (%) 22 (31.0)

RBC 14 (19.7)

Platelets 6 (8.5)

Plasma 2(2.8)
Transfusion Volume (mL) — median (IQR) 1262.5 (558.3, 2540.8)
Transfusion Unit — median (IQR) 4.6 (2.0,9.5)

TACO Management
Any Fluid management - n (%) 63 (88.7)
Bumetanide 4 (5.6)
Furosemide 47 (66.2)
Combination of pharmacological therapies 7(9.9)
Hemodialysis 79.9)

Any Oxygen Device — n (%) 57 (80.3)

Oxygen Device FIO2 — median (IQR)

100 (100, 100)
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Patient Characteristics Overall (n=71)
Ventilator — n (%) 8 (11.3)
Hospital Service
General Surgery 3(4.2)
Hospital Medicine 13 (18.3)
Liver Transplant 7(9.9)
Malignant Hematology 34 (47.9)
Neurosurgery 5 (7.0)
Other 9(12.7)

Laboratory Measures — median (IQR)

B-type natriuretic peptide (pg/mL) (n = 38)

396.0 (177, 1270.0)

Systolic Blood Pressure (mmHg)

159.5 (141.8, 182.8)

Diastolic Blood Pressure (mmHg)

81.0 (70.5, 94.8)

Body Temperature (°F)

100.9 (99.3, 102.6)

Body Temperature 2 100.4 °F — n (%)

41 (57.7)

Chest X-Ray Radiology Score (n= 20)

3.0 (3.0,3.0)

Weight Changes (L)

+1.35 (+0.2, +4.0)
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