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Platelet Factor 4 Antibodies and Severe AKI
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Key Points
c Patients testing positive for platelet factor 4 antibodies have a .50% higher odds of developing severe AKI
compared with those who test negative.

c The relationship between platelet factor 4 antibodies and severe AKI was independent of demographics,
comorbidities, laboratory values, and severity-of-illness characteristics.

Abstract
Background Heparin-induced thrombocytopenia, which results from production of antibodies that bind to
heparin-platelet factor 4 (PF4) complexes, is a hypercoagulable state associated with considerable morbidity and
mortality due to thrombotic complications. We investigated whether PF4 antibodies are associated with an
increased risk of AKI.

Methods We conducted a cohort study of hospitalized adults who underwent testing for PF4 antibodies at two
large medical centers in Boston between 2015 and 2021. The primary exposure was PF4 test positivity. The
primary outcome was severe AKI, defined by Kidney Disease: Improving Global Outcomes stage 3 as a $3-fold
increase in serum creatinine or receipt of KRT within 7 days after the PF4 test. We used multivariable logistic
regression to adjust for potential confounders.

ResultsA total of 4224 patients were included in our analysis, 469 (11.1%) of whom had a positive PF4 test. Severe
AKI occurred in 50 of 469 patients (10.7%) with a positive PF4 test and in 235 of 3755 patients (6.3%) with a
negative test (unadjusted odds ratio, 1.79 [95% confidence interval, 1.30 to 2.47]). In multivariable analyses
adjusted for demographics, comorbidities, laboratory values, and severity-of-illness characteristics, PF4 test
positivity remained associated with a higher risk of severe AKI (adjusted odds ratio, 1.56 [95% confidence
interval, 1.10 to 2.20]).

Conclusions Among hospitalized adults, the presence of PF4 antibodies is independently associated with a 56%
higher odds of developing severe AKI. Additional studies are needed to investigate potential mechanisms that
may underlie these findings, such as pathogenic effects of PF4 antibodies on the microvasculature of the kidneys.

KIDNEY360 4: 1672–1679, 2023. doi: https://doi.org/10.34067/KID.0000000000000287

Introduction
Heparin is one of the most commonly administered
medications in hospitalized patients used both pro-
phylactically and therapeutically to treat myriad
conditions, including deep vein thrombosis (DVT),
pulmonary embolism (PE), acute coronary syndrome,
and others. Heparin-induced thrombocytopenia (HIT)
is a well-documented and serious complication of
heparin use, occurring in up to 3% of patients exposed
to heparin.1–3 HIT occurs because of production of
an IgG autoantibody directed against endogenous

platelet factor 4 (PF4) complexed with heparin on
the surface of platelets. Binding of these autoanti-
bodies to heparin-PF4 complexes leads to platelet
activation and release of additional PF4, which
creates a positive feedback loop of further platelet
activation.4

Patients who develop HIT are at high risk of venous
and arterial thrombosis and associated sequelae, in-
cluding skin necrosis, limb gangrene, and organ ische-
mia or infarction. These thrombotic manifestations
have been primarily described in the macrovascular
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circulation.5 However, limited data suggest that HIT may
also cause microvascular thrombosis.6–8

Because the kidney is a highly vascularized organ and
renal microvascular thrombosis has been observed in mul-
tiple kidney diseases,9–11 we hypothesized that production
of PF4 antibodies would be independently associated with
higher risk of AKI in hospitalized patients.

Methods
Study Design
We conducted a cohort study of all adults who had a

PF4 test obtained during an admission to Brigham and
Women’s Hospital or Massachusetts General Hospital
(both in Boston, MA) between May 2015 and October
2021 (N55476). All protocols were approved by the Mass
General Brigham (MGB) Institutional Review Board.

Study Cohort
We derived our study cohort from the MGB Research

Patient Data Registry, a central clinical data warehouse
maintained by MGB. We excluded patients who had
any of the following: (1) ESKD, (2) serum creatinine
(SCr) .4 mg/dl at hospital admission, (3) absence of a SCr
measurement at hospital admission, (4) absence of SCr
measurement within 7 days after the PF4 test, (5) PF4 test
was obtained .30 days after hospital admission, and (6)
PF4 test was obtained within 7 days after cardiac surgery
with cardiopulmonary bypass (because of the high risk of a
false positive in this setting).12 After applying the above-
mentioned exclusion criteria, our final cohort consisted of
4224 patients (Figure 1).

Primary Exposure
The primary exposure was the PF4 antibody immunoas-

say test (Immucor GTI Diagnostics, Inc. PF4 IgG ELISA),
which was used by the laboratories at both hospitals dur-
ing the period of interest. As recommended by the

manufacturer, PF4 tests were considered positive if the
optical density was $0.4 units and negative if ,0.4. If a
patient had more than one PF4 test obtained, the initial test
was used, with the exception of patients who tested neg-
ative initially but then tested positive subsequently, in
which case the first positive test was used.

Primary and Secondary Outcomes
The primary outcome was severe AKI, defined as a

$3-fold increase in SCr compared with the hospital ad-
mission value or receipt of KRT within 7 days after the PF4
test. This definition of AKI, consistent with modified
Kidney Disease Improving Global Outcomes consensus
criteria for stage 3 AKI,13 was selected as the primary
outcome because it represents the most severe and clinically
relevant form of AKI. We chose a 7-day window relative to
PF4 testing to assess severe AKI because most thrombotic
manifestations of HIT occur within this time window.14

Secondary outcomes included AKI of any stage (defined
as a $50% increase in SCr compared with the hospital
admission value or receipt of KRT within 7 days after
the PF4 test); the composite of AKI or death within 7 days;
thrombosis, including DVT, PE, ischemic stroke, and other
arterial thrombosis; and a composite of any of the above
thromboses, each assessed within 7 days of the PF4 test.
Among PF41 patients with severe AKI, we also assessed
rates of renal recovery at hospital discharge, defined as
survival to discharge, independent of KRT, and with SCr
,1.5-fold the admission value.

Data Collection
Using the Research Patient Data Registry, we collected

data on demographics, comorbidities, procedures, labora-
tory values, severity of illness, and outcomes. Data were
collected using International Classification of Diseases-9/10
diagnosis and procedure codes and Current Procedural
Terminology codes. A complete list of diagnosis and pro-
cedure codes is provided in Supplemental Table 1. In

5476 Adults with at least one PF4 test while hospitalized
between May 2015 and October 2021

4224 Included in analyses

3755 Negative PF4 test 469 Positive PF4 test

1252 Were excluded from analysis
561   ESKD
168 Hospital admission SCr >4 mg/dL
11 No hospital admission SCr
85 No SCr values between days 1–7
141 PF4 obtained after hospital day 30
286 Underwent cardiac surgery with CPB

within 7 days before the PF4

Figure 1. Study cohort. PF4, platelet factor 4; SCr, serum creatinine.
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addition, in a subcohort of 100 randomly selected patients
(50 PF4-positive and 50 PF4-negative), we performed de-
tailed chart review to assess for imbalances in characteris-
tics that were not available for the entire cohort. Specifically,
we obtained additional data on nephrotoxin exposure, lab-
oratory values (C-reactive protein and lactate), hospital
location at the time of PF4 testing (intensive care unit
[ICU] versus non-ICU), type of heparin exposure (intrave-
nous unfractionated heparin, subcutaneous unfractionated
heparin, or subcutaneous low–molecular weight heparin),
and heparin indication.

Statistical Analysis
Data are shown as median (interquartile range [IQR]) and

as count (%). We compared baseline characteristics between
patients with positive versus negative PF4 tests using the
Wilcoxon rank-sum and chi-squared tests for continuous
and categorical variables, respectively.
Our primary analysis investigated whether patients

with a positive PF4 test are at higher risk of severe AKI
compared with patients with a negative PF4 test. We
used univariate and multivariable logistic regression mod-
els to calculate odds ratios (ORs) and 95% confidence in-
tervals (CIs) for risk of severe AKI in PF4-positive versus
negative patients, using complete case analysis. The follow-
ing covariates were prespecified on the basis of clinical
knowledge,15–17 biologic plausibility, univariate associations,
and parsimony: age; sex; race (White versus non-White);
baseline eGFR ($90; 60–89; 45–59; 30–44; ,30 ml/min per
1.73 m2), defined using the closest SCr value within 7–365
days before hospital admission or, if unavailable, the trough
value in the first 30 days of hospitalization,18 and with use
of the 2021 CKD Epidemiology Collaboration equation19;
comorbidities (hypertension, diabetes mellitus, congestive
heart failure, chronic liver disease, and active malignancy);
and severity of illness (white blood cell count, hemoglobin,
and platelet count, invasive mechanical ventilation, sepsis,
and shock). The abovementioned laboratory parameters
were assessed on the day of the PF4 test, invasive mechan-
ical ventilation was assessed within 2 days before the PF4
test, and sepsis and shock were assessed within 7 days
before the PF4 test. Secondary outcomes were assessed
using a similar modeling approach.

Sensitivity Analyses
We conducted three prespecified sensitivity analyses of

the primary outcome. First, we assessed a composite out-
come of severe AKI or death, to account for death as a
competing risk of AKI. Second, we limited the analysis to
patients who did not receive KRT between hospital admis-
sion and the day of the PF4 test. Third, we limited the
analysis to patients with a PF4 test performed within the
first 10 days of hospital admission.

Subgroup Analyses
In exploratory analyses, we used similar methods as the

primary analysis to assess the association between PF4 test
positivity and severe AKI across the following prespecified
subgroups: age (,65 versus $65 years); sex; baseline eGFR
(,60 versus $60 ml/min per 1.73 m2); platelet count on the
day of the PF4 test (.100, 50–100, and ,50 K/ml); invasive
mechanical ventilation within 2 days before the PF4 test;

sepsis or shock within 7 days before the PF4 test; and
thrombosis within 7 days of the PF4 test. We compared
differences among subgroups by adding product (interac-
tion) terms between the subgroup variable and the PF4 test
group into the multivariable model.
All comparisons are two tailed, with P , 0.05 considered

significant. Analyses were performed using SQL in Micro-
soft Access (Microsoft Access for Microsoft 365 MSO) and
SAS version 9.4 (Cary, NC).

Results
Baseline Characteristics
The initial study population included 5476 patients. After

excluding 1252 patients (as described in the Methods), the
final study cohort consisted of 4224 patients, of whom 469
(11.1%) had a positive PF4 test and 3755 (88.9%) had a
negative test (Figure 1). PF4 tests were sent at a median of 5
days (IQR, 2–9) after hospital admission.
Baseline characteristics stratified by PF4 test positivity

are summarized in Table 1. The median age was 65 years
(IQR, 54–73), 2369 (56.1%) were men, and 3352 (79.4%)
were White. Patients with positive and negative PF4 tests
had similar distributions of demographic characteristics
and most comorbidities, although patients with a positive
PF4 test were less likely to have active malignancy and
more likely to have congestive heart failure and a history
of DVT, PE, and arterial thrombosis compared with pa-
tients with a negative PF4 test. In addition, PF4-positive
patients had higher white blood cell counts, had lower
hemoglobin, and were more likely to be invasively
mechanically ventilated compared with PF4-negative pa-
tients. PF4-positive patients had modestly lower platelet
counts compared with PF4-negative patients (median 68.5
[IQR, 50–98] versus 75 [IQR, 54–101] K/ml), although the
trajectories of the platelet counts were similar between the
groups (Supplemental Figure 1).
In a subcohort of 100 randomly selected patients, addi-

tional characteristics, including nephrotoxin exposure, ICU
location at the time of PF4 testing, medical versus surgical
primary presenting problem, type of heparin exposure,
and heparin indication, were similarly distributed between
PF4-positive versus negative patients (Supplemental Table 2).

Primary Outcome: Severe AKI
Severe AKI occurred in 50 of 469 patients (10.7%) who

tested positive for PF4 and in 235 of 3755 patients (6.3%)
who tested negative (unadjusted OR, 1.79 [95% CI, 1.30 to
2.47]). In a multivariable model adjusted for demographics,
comorbidities, laboratory values, and severity of illness, PF4
test positivity remained significantly associated with a
higher risk of severe AKI (adjusted OR, 1.56 [95% CI,
1.10 to 2.20]; Figure 2). The median time from hospital
admission to development of severe AKI was 8 days
(IQR, 3–11) and 6 days (IQR, 3–11) among PF41 and
PF42 patients, respectively. The median time from PF4
testing to development of severe AKI was 1 day (IQR,
0–1) in both groups.
The results were similar in all three sensitivity analyses.

Specifically, PF4-positive patients had a higher adjusted OR
of severe AKI in analyses assessing a composite of severe
AKI or death (adjusted OR, 1.30 [95% CI, 1.00 to 1.70]), in
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Table 1. Patient characteristics at baseline

Characteristic All Patients (n54224) PF4-Positive Patients (n5469) PF4-Negative Patients (n53755) P Value

Demographics
Age, yr, median (IQR) 65 (54–73) 64 (55–72) 65 (54–74) 0.38
Male sex, no. (%) 2369 (56.1) 263 (56.1) 2106 (56.1) 0.99
Race, no. (%) 0.85

Asian 136 (3.2) 17 (3.6) 119 (3.2)
Black 285 (6.7) 36 (7.7) 249 (6.6)
White 3352 (79.4) 365 (77.8) 2987 (79.5)
Other/more than one race 13 (0.3) 2 (0.4) 11 (0.3)
Unknown/not reported 438 (10.4) 49 (10.4) 389 (10.4)

Comorbidities, no. (%)
Any 3726 (88.2) 421 (89.8) 3305 (88.0) 0.29

Hypertension 2492 (59.0) 273 (58.2) 2219 (59.1) 0.73
Diabetes mellitus 1173 (27.8) 137 (29.2) 1036 (27.6) 0.48
COPD or emphysema 671 (15.9) 66 (14.1) 605 (16.1) 0.28
Baseline eGFR, ml/min per 1.73 m2a 0.04
$90 2166 (51.3) 264 (56.3) 1902 (50.7)
60–89 1160 (27.5) 110 (23.5) 1050 (28.0)
45–59 436 (10.3) 39 (8.3) 397 (10.6)
30–44 332 (7.9) 44 (9.4) 288 (7.7)
,30 130 (3.1) 12 (2.6) 118 (3.1)

Hyperlipidemia 1929 (45.7) 202 (43.1) 1727 (46.0) 0.24
Peripheral arterial disease 740 (17.5) 83 (17.7) 657 (17.5) 0.90
Coronary artery disease 1323 (31.3) 138 (29.4) 1185 (31.6) 0.37
CHF 1647 (39.0) 204 (43.5) 1443 (38.4) 0.04
STEMI/NSTEMI 625 (14.8) 78 (16.6) 547 (14.6) 0.24
Atrial fibrillation or atrial flutter 1521 (36.0) 180 (38.4) 1341 (35.7) 0.26
Chronic liver disease 1328 (31.4) 136 (29.0) 1192 (31.7) 0.25
Active malignancy 1453 (34.4) 116 (24.7) 1337 (35.6) ,0.001
Prior thrombosisb

Ischemic stroke 467 (11.1) 61 (13.0) 406 (10.8) 0.16
DVT 558 (13.2) 114 (24.3) 444 (11.8) ,0.001
PE 445 (10.5) 89 (19.0) 356 (9.5) ,0.001
Arterial thrombosis 146 (3.5) 25 (5.3) 121 (3.2) 0.02

Laboratory values, median (IQR)c

WBC count, per mm 9.1 (6.0–13.5) 11.0 (7.9–15.8) 8.8 (5.8–13.3) ,0.001
Hemoglobin, g/dl 9.1 (8.1–10.6) 9.0 (8.0–10.3) 9.1 (8.1–10.6) 0.04
Platelet count, K/ml 74 (53–101) 68.5 (50–98) 75 (54–101) 0.03
Albumin, g/dl 2.9 (2.4–3.3) 2.8 (2.4–3.2) 2.9 (2.4–3.3) 0.25
Sodium, mmol/L 139 (136–142) 138 (135–142) 139 (136–142) 0.17
Potassium, mmol/L 4.1 (3.8–4.4) 4.1 (3.8–4.4) 4.1 (3.8–4.4) 0.77
Calcium, mg/dl 8.4 (8.0–8.8) 8.4 (8.0–8.9) 8.4 (8.0–8.8) 0.06
Blood urea nitrogen, mg/dl 23 (14–37) 24 (14–43) 23 (14–36) 0.10
Creatinine, mg/dl 1.01 (0.7–1.6) 1.03 (0.7–1.7) 1.00 (0.7–1.5) 0.14

Severity of illness, no. (%)
Invasive mechanical ventilationd 286 (6.8) 48 (10.2) 238 (6.3) 0.002
Sepsise 863 (20.4) 83 (17.7) 780 (20.8) 0.13
Shocke 1398 (33.1) 162 (34.5) 1236 (32.9) 0.50

The corresponding International Classification of Disease 9/10 codes of the comorbidities are provided in Supplemental Table 1. CHF, congestive
heart failure; COPD, chronic obstructive pulmonary disease; DVT, deep vein thrombosis; IQR, interquartile range; PE, pulmonary embolism; PF4,
platelet factor 4; WBC, white blood cell.
Data regarding white blood cell count were missing for 27 patients (0.6%).
Data regarding hemoglobin were missing for 28 patients (0.7%).
Data regarding platelet count were missing for 30 patients (0.7%).
Data regarding albumin were missing for 937 patients (22.2%).
Data regarding sodium were missing for 37 patients (0.9%).
Data regarding potassium were missing for 42 patients (1.0%).
Data regarding calcium were missing for 38 patients (0.9%).
Data regarding blood urea nitrogen were missing for 36 patients (0.9%).
Data regarding creatinine were missing for 32 patients (0.8%).
All other data are complete.
aBaseline eGFR was determined using the closest serum creatinine value within 7–365 days beforeadmission or, if unavailable, the trough value
during the first 30 days of hospitalization. eGFR was calculated using the 2021 CKD Epidemiology Collaboration serum creatinine equation.19
bRefers to deep vein thrombosis, pulmonary embolism, ischemic stroke, and other arterial thrombosis that occurred more than 7 days before the
platelet factor 4 test.
cClosest value within 2 days before the platelet factor 4 test.
dAssessed within 2 days before the platelet factor 4 test.
eAssessed within 7 days before the platelet factor 4 test.
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analyses limited to patients who did not initiate KRT before
the PF4 test (adjusted OR, 1.60 [95% CI, 1.03 to 2.49]), and in
analyses limited to patients with a PF4 test performed in the
first 10 days of hospitalization (adjusted OR, 1.71 [95% CI,
1.09 to 2.69]) (Figure 2). We did not observe an association
between higher optical density and greater risk of severe
AKI (Supplemental Table 3).

Subgroup Analyses
The association between PF4 test positivity and severe

AKI was similar across each of the following subgroups:
age ($65 versus ,65 years; P 5 0.11 for interaction), base-
line eGFR (,60 versus $60 ml/min per 1.73 m2; P 5 0.09
for interaction), platelet count (.100, 50–100, ,50 K/ml;
P 5 0.80 for interaction), invasive mechanical ventilation
(P 5 0.36 for interaction), sepsis (P 5 0.54 for interaction),
and shock (P 5 0.72 for interaction). There was a trend
toward a larger association between PF4 test positivity and
severe AKI in men versus women (P 5 0.07 for interaction)
(Supplemental Figure 2).

Secondary Outcomes
AKI of Any Stage
AKI of any stage occurred in 133 of 469 patients (28.4%)

who tested positive for PF4 and in 784 of 3755 patients
(20.9%) who tested negative (OR, 1.50 [95% CI, 1.21 to
1.86]). In multivariable models, PF4 test positivity remained
significantly associated with a higher OR of AKI (adjusted
OR, 1.33 [95% CI, 1.05 to 1.68]). The results were similar in
analyses assessing a composite of AKI of any stage or death
(Figure 2).

Thrombosis and Hospital Mortality
DVT, PE, arterial thrombosis, and hospital death

each occurred more frequently in PF4-positive versus
PF4-negative patients (Figure 2). In multivariable models,
PF4 test positivity was associated with a higher risk of DVT
(adjusted OR, 2.32 [95% CI, 1.81 to 2.95]), PE (adjusted OR,
2.75 [95% CI, 2.08 to 3.63]), and a composite of any throm-
bosis (adjusted OR, 1.86 [95% CI, 1.51 to 2.30]). PF4 test
positivity was not associated with risk of ischemic stroke or
other arterial thrombosis (Figure 2).

Renal Recovery
A total of ten of 50 PF41 patients with severe AKI (20%)

had renal recovery at hospital discharge. Patients with
versus without renal recovery had similar rates and timing
of heparin discontinuation following the PF41 test result as
well as similar timing of initiation of an alternative antico-
agulant (Supplemental Table 4).

Discussion
In this study of 4224 adult inpatients tested for PF4, we

found that those with a positive test had a 56% higher odds
of developing severe AKI compared with those with a
negative test. This independent relationship between PF4
test positivity and severe AKI was demonstrated in multi-
variable models adjusted for demographics, comorbidities,
laboratory values, and severity-of-illness characteristics.
The results were similar in multiple sensitivity analyses,
including analyses that assessed a composite outcome of
severe AKI or death.

Outcome
No. of events / No. of patients (%) Adjusted OR 

(95% CI)PF4 Positive PF4 Negative
Severe AKI
Primary analysis 50/469 (10.7) 235/3755 (6.3) 1.56 (1.10–2.20)
Sensitivity analysis #1 90/469 (19.2) 538/3755 (14.3) 1.30 (1.00–1.70)
Sensitivity analysis #2 28/406 (6.9) 147/3367 (4.4) 1.60 (1.03–2.49)
Sensitivity analysis #3 28/293 (9.6) 166/3084 (5.4) 1.71 (1.09–2.69)

Secondary Renal Outcomes
AKI any stage 133/469 (28.4) 784/3755 (20.9) 1.33 (1.05–1.68)
AKI any stage or death 158/469 (33.7) 992/3755 (26.4) 1.29 (1.03–1.61)

Extrarenal Outcomes
DVT 111/469 (23.7) 485/3755 (12.9) 2.32 (1.81–2.95)
PE 81/469 (17.3) 313/3755 (8.3) 2.75 (2.08–3.63)
Ischemic stroke 35/469 (7.5) 291/3755 (7.7) 0.88 (0.61–1.28)
Other arterial thrombosis 29/469 (6.2) 169/3755 (4.5) 1.31 (0.87–2.00)
Composite of any thrombosis 176/469 (37.5) 966/3755 (25.7) 1.86 (1.51–2.30)

0 1 2 3 4

Adjusted OR (95% CI)

Figure 2. Association between PF4 test positivity and severe AKI. Multivariable models are adjusted for age, sex, race, baseline eGFR,
hypertension, diabetes mellitus, CHF, chronic liver disease, active malignancy, laboratory values (WBC count, hemoglobin, and platelet
count, each assessed on the day of the PF4 test), invasive mechanical ventilation, sepsis, and shock. Invasive mechanical ventilation was
assessed within 2 days before the PF4 test, and sepsis and shock were assessed within 7 days before the PF4 test. Sensitivity analysis 1 assessed
a composite outcome of severe AKI or death within 7 days after the PF4 test. Sensitivity analysis 2 was limited to patients who did not receive
KRT between hospital admission and the day of the PF4 test. Sensitivity analysis 3 was limited to patients with a PF4 test performed within the
first 10 days of hospital admission. DVT, PE, ischemic stroke, and other arterial thrombosis were each assessed within 7 days of the PF4 test.
CHF, congestive heart failure; CI, confidence interval; DVT, deep vein thrombosis; PE, pulmonary embolism; WBC, white blood cell.
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Other than isolated case reports demonstrating a link
between HIT and renal vein thrombosis,20,21 to the best of
our knowledge, this is the first study to demonstrate an
association between PF4 antibodies and AKI. Our findings
are consistent with prior studies demonstrating that micro-
vascular thrombosis is an important component of AKI
pathogenesis across a variety of clinical settings.22–25 Our
findings are also consistent with prior studies that reported
thrombosis of both large5 and small vessels6–8 in patients
with HIT.
The independent association that we found between PF4

antibodies and a higher risk of severe AKI has important
clinical implications. First, it underscores the importance of
timely recognition and treatment of HIT. Second, it suggests
that patients with a positive PF4 test should be closely
monitored for the development of AKI, perhaps with imple-
mentation of preventative strategies, such as the Kidney
Disease Improving Global Outcomes bundle,26 or with
more personalized strategies for kidney protection.27 Third,
our findings suggest that hypercoagulability and the for-
mation of platelet-rich microthrombi in the kidneys could
be an important therapeutic target for AKI prevention in
certain clinical settings associated with a hypercoagulable
state. Therapeutic-dose anticoagulation as compared with
usual-care thromboprophylaxis was recently demonstrated
in a multicenter randomized clinical trial to increase the
probability of survival to hospital discharge without organ
support among noncritically ill hospitalized patients with
coronavirus disease 2019.28 A secondary analysis of these
data found that therapeutic-dose anticoagulation may also
reduce the incidence of AKI,29 although confirmation of
these findings is needed.
Our results were consistent across multiple subgroups.

Interestingly, we observed a greater association between
PF4 test positivity and severe AKI in men compared with
women. Important differences in platelet count, function,
and activation have been observed in men and women for
nearly half a century.30,31 A recent study found that
thrombin-mediated platelet activation is augmented in
men compared with women at the time of myocardial
infarction.32 By contrast, women may be at higher risk of
HIT-associated thrombotic events and death compared
with men,33,34 although not all studies have demonstrated
this relationship.35 Whether men are more predisposed
than women to PF4-mediated microthrombotic sequalae,
such as AKI, is an intriguing possibility that requires
further study. Alternatively, our observations may be
due to a type 1 error due to the multiple subgroups that
were assessed.
We acknowledge several limitations. First, we used di-

agnostic and procedure codes to define comorbidities and
procedures; however, the primary outcome of severe AKI
was determined with the use of daily SCr data. Second, data
on urine output were unavailable, and thus, AKI was de-
termined according to changes in SCr and receipt of KRT
only. Third, although there was a clinical suspicion for HIT
in all patients analyzed because PF4 testing was a require-
ment for inclusion in the study, clinical data regarding HIT,
such as the 4Ts score,36 were unavailable. Fourth, data for
this study came from patients admitted to two hospitals in
Boston and may not be fully generalizable to other pop-
ulations. In particular, approximately 80% of the patients

included were White, and Black patients may have been
underrepresented. Fifth, although our multivariable mod-
els were adjusted for a comprehensive set of covariates, we
cannot exclude the possibility of residual confounding, as
with any observational study. However, we manually
reviewed the charts of 100 randomly selected patients to
ascertain data on clinical variables that were not available
for the entire cohort and found their distribution to be
similar between PF4-positive versus negative patients
(Supplemental Table 2). Sixth, severe AKI was defined
as a $3-fold increase in SCr compared with the hospital
admission value or initiation of KRT within 7 days after the
PF4 test. Accordingly, AKI onset could have occurred
before PF4 testing because our exposure of interest was
the development of PF4 antibodies, which precedes clinical
suspicion (and thus diagnostic testing) for it. However, in
sensitivity analysis 2, we excluded patients who initiated
KRT before the PF4 test, and the results were similar to the
primary analyses (Figure 2). Finally, although we excluded
patients whose PF4 test was obtained within 7 days after
cardiopulmonary bypass surgery due to the high risk of
false positives in this setting, we cannot exclude the pos-
sibility of false-positive results from other causes; however,
the presence of false-positive results would have only bi-
ased our results toward the null.
In conclusion, we found that PF4 test positivity is in-

dependently associated with severe AKI among hospital-
ized adult patients. These findings should prompt clinicians
to closely monitor kidney function in patients with PF4
antibodies and minimize exposure to nephrotoxins and
other renal insults. Further mechanistic studies are needed
to investigate whether PF4 antibodies are truly pathogenic
to the kidneys, and whether targeting a hypercoagulable
state could be a therapeutic target for AKI prevention in
certain clinical settings.
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