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CLINICAL STUDY

Thrombocytopenia as a predictor of severe acute kidney injury in
patients with heat stroke
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Abstract

Background: Abnormalities of blood system often occur several days before acute kidney injury
(AKI) in patients with heat stroke (HS). We aimed to investigate the prevalence and prognostic
value of the early hematological markers in patients with AKI induced by HS. Methods: In a
retrospective cohort study, we analyzed the case records of 176 patients with HS and evaluated
the hematological markers for early prediction and risk classification in the patients with AKI.
Results: Of 176, 103 (58%) HS cases developed AKI, and men comprised more than half (75%) of
the sample population. The nadir platelet count significantly correlated with the levels of peak
serum creatinine (r¼�0.608, p50.01) and blood urea nitrogen (r¼�0.546, p50.01), and the
length of hospital stay (r¼�0.393, p50.01). The areas under the receiver operating
characteristic curves (AU-ROC) indicated the prognostic accuracy of hematological markers,
AU-ROC was significantly higher with the nadir platelet count than that with the admission
platelet count (AU-ROC of the nadir platelet: 0.73; 95% CI: 0.67–0.82; vs. AU-ROC of the
admission platelet: 0.67; 95% CI: 0.59–0.75; p50.01). Multiple logistic regression results
indicated that the nadir platelet count (adjusted ORs: 37.92; 95% CI: 2.18–87.21; p50.01) was
independent predictor of AKI in HS. Conclusion: The high mortality observed in HS complicated
with AKI, and among the various hematological parameters assessed, thrombocytopenia is
associated with AKI induced by HS independently.
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Introduction

Heat stroke (HS) is also called body hyperthermia syndrome,

whose main feature is body temperature �39.0 �C, even up to

42.0 �C. Severe heat stroke is the main type that leads to

death, which is acute onset, high disability and mortality rate.

HS can be divided into classical HS and exertional HS, the

former mainly occurs in the elderly or patients with basic

disease; the latter mainly occurs in young, which is due to a

lot of movement in the high temperature and humidity

environment. The high temperature has wide effects on the

body damage, not only cause the temperature regulation

system disorder, but also affect other important organs, such

as lung, brain, kidney, and blood.1–3 Among the organs, acute

kidney injury (AKI) is one of the most common complica-

tions of HS, which can rapidly develop into acute renal

failure; the mortality rate is as high as 30–80%.4,5

At present, the treatment for the patients with AKI in HS is

supportive care, including: control of the body temperature,

the maintenance of water and electrolyte balance, and the

organ function support. In patients with the end stage of AKI,

hemodialysis is highly important for the prognosis. The

clinical symptoms and laboratory examinations of AKI in HS

were always used to classify,6–8 such as oliguria, anuria,

hematuria, proteinuria, blood serum creatinine, and urea

nitrogen. However, thrombocytopenia is one index of early

AKI but not to be found during AKI in HS.

HS is a highly dynamic process, which is characterized by

a short transient thrombocytopenia followed by AKI.9–11 In

this study hematological markers and clinical parameters

were collected from the hospitalized patients, and the

relationship between the decrease in platelet counts and the

severity and prognosis of HS complicated with AKI was

analyzed. To date, no much related research was carried out.

Methods

Subjects

We retrospectively reviewed the case records of 176 patients

with HS, diagnosed during the heat wave periods, from June

to October between 2010 and 2014, in Ningbo First Hospital,

Zhejiang Province. The clinical diagnosis criteria of HS

includes: (1) sudden increase in environmental temperature

(air temperature� 35.0 �C), (2) the increase in body tem-

perature above 39.0 �C, (3) a lot of sweat in early, then ‘‘no

sweat’’, which may be complicated with dry skin and different

levels of consciousness, etc. Patients who conform to the

diagnosis standard were included. Exclusion criteria included

complications with other organs dysfunction, such as lung,
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heart, liver, pancreas, and other organs, or acute injury within

24 h of admission. This study was approved by the ethics

committee of the Ningbo First Hospital. Informed consent

was not required as it was a retrospective study and the data

were analyzed anonymously.

Data collection

Clinical and laboratory data were obtained daily throughout

hospitalization and were recorded on standardized data

collection forms. It included HS courses, laboratory examin-

ations (platelet counts, leukocyte counts, hematuria, protein-

uria, serum creatinine, blood urea nitrogen, etc.),

hemodialysis information, the length of hospital stay, and

other severe complications. All subjects were admitted to the

hospital and monitored daily until discharged. Hemodialysis

treatment was guided by the ward physician based upon

clinical necessity.

Statistical analysis

Continuous variables are presented as mean ± SD. They were

compared by the Welch t test. Categorical and discrete

variables are presented as numbers and percentages. When

appropriate, they were compared by either the Fisher’s exact

test or the chi-square test. Spearman correlations and linear

regression analyses were used to evaluate the relations

between hematological markers and biochemical, or clinical

parameters. ROC curves were constructed to assess the

sensitivity and specificity of the platelet and leukocyte counts

in predicting the development of AKI, and the areas under the

ROC curves (AU-ROC) indicated the prognostic accuracy of

hematological markers. Finally, multiple logistic regression

models including sex, age, hematuria, and proteinuria were

implemented to identify hematological markers associated

with the development of AKI. All analyses were performed

using Statistical Package for Social, version 18.0 (SPSS).

A two-tail p value50.05 was interpreted as significant.

Results

Baseline data of the patients

Of the 176 eligible patients from June to October between

2010 and 2014, 103 (58%) patients developed AKI. Table 1

describes the baseline characteristics of study participants.

Patients ranged in age from 19 to 76 years; the mean age for

AKI group was 47.5 years and that of non-AKI group was

39.6 years. There were significant differences in age between

these two groups of patients (p50.01). Men comprised more

than half (77, 75%) of the sample population in the AKI

group. The most common laboratory findings were thrombo-

cytopenia and leukocytosis. Of all, 87 (85%) patients had

platelet counts less than 100� 109/L, and severe thrombo-

cytopenia (�30� 109/L) in 56 (54%) cases. Of all, 96 (93%)

patients had leukocytosis more than 10� 109/L and 46 (45%)

patients had severe leukocytosis (�15� 109/L). There were

significant differences in thrombocytopenia and leukocytosis

between these two groups of patients (p50.05). Moreover,

the severe increase of blood serum creatinine (4450 mmol/L)

was noted in 31 (30%) cases, and 23 (22%) patients received

hemodialysis treatment, and they stay longer in hospital than

patients who did not develop AKI.

Relationship between hematological markers and AKI

Thrombocytopenia is an early laboratory finding in patients

with AKI induced by HS. The platelet counts reached their

minimums within 7 ± 3 days after the acute onset of HS.

However, the levels of serum creatinine and blood urea

nitrogen reached the maximum within 10 ± 2 days and

8 ± 3 days, respectively. The nadir platelet count preceded

the peak blood urea nitrogen and serum creatinine by

3 ± 2 days and 7 ± 2 days, respectively. The platelet counts

often returned to normal in most patients after 10 ± 3 days.

The leukocytosis reflected the degree and process of inflam-

mation during HS, maximum often at the same time as

thrombocytopenia ((7 ± 3) days).

The nadir platelet count negatively correlated with the

peak serum creatinine (r¼�0.608, p50.01), the peak blood

urea nitrogen (r¼�0.546, p50.01), and the length of

hospital stay (r¼�0.393, p50.01) (Figure 1). However, the

peak leukocyte count correlated positively with the peak

serum creatinine (r¼ 0.297, p50.01), the peak blood urea

nitrogen (r¼ 0.239, p50.01), and the length of hospital stay

(r¼ 0.196, p50.01).

The admission and nadir platelet count were significantly

lower in those patients who had AKI than the patients without

AKI. Nevertheless, the admission and peak leukocyte count

were significantly higher in the patients who had AKI than

those without AKI. AU-ROC was significantly higher with

the nadir platelet count than that with the admission platelet

Table 1. Characteristics of patients by AKI status.

AKI group (n¼ 103) Non-AKI group (n¼ 73) p Value

Age (year) 47.5 ± 28.3 39.6 ± 17.4 50.01
Male (%) 77 (75%) 42 (57%) 0.27
Admission platelet counts (�109/L) 86.1 ± 21.4 145.6 ± 43.7 0.01
The nadir platelet counts (�109/L) 32.3 ± 19.0 79.6 ± 23.2 50.01
Admission leukocyte counts (�109/L) 15.3 ± 6.2 12.3 ± 5.3 0.02
The peak leukocyte counts (�109/L) 19.4 ± 5.1 14.1 ± 3.4 0.01
Serum creatinine (mmol/L) 474.7 ± 201.8 87.2 ± 23.8 50.01
Blood urea nitrogen (mmol/L) 34.2 ± 12.5 8.7 ± 5.8 50.01
Hematuria (%) 79 (76.7%) 12 (16.4%) 50.01
Proteinuria (%) 91 (88.3%) 15 (20.5%) 50.01
Dialysis (%) 23 (22.3%) 0 (0%) 50.01
Length of hospital stay (days) 29.4 ± 13.3 10.6 ± 4.3 0.01
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counts (AU-ROC of nadir platelet: 0.73; 95% CI: 0.67–0.82;

vs. AU-ROC of admission platelet: 0.67; 95% CI: 0.59–0.75;

p50.01) and was also significantly higher than that with the

admission and peak leukocyte count (AU-ROC of admission

leukocyte: 0.66; 95% CI: 0.61–0.72; and the peak leukocyte:

0.58; 95% CI: 0.54–0.62; p50.01) (Figure 2). At a cut off

value of 30� 109/L, the sensitivity and specificity to predict

AKI were 90% and 81% for the nadir platelet count,

respectively (Table 2).

Multiple logistic regression results after adjusting gender,

age, admission platelet counts, the nadir platelet counts,

admission leukocyte counts, and peak leukocyte counts. The

nadir of platelet counts (adjusted ORs: 37.92; 95% CI: 2.18–

87.21; p50.01) and clinical hematuria (adjusted ORs: 6.79;

95% CI: 1.93–29.36; p50.01) were independent predictors of

AKI in HS (Table 3).

Relationship between thrombocytopenia and
prognosis

The patients who had thrombocytopenia during the early

stage in hospital had more complications. Of 56 cases with

the nadir platelet counts �30� 109/L, 17 cases (30%)

complicated with respiratory system disease including pul-

monary infection, edema, acute respiratory distress or

respiratory failure; 12 cases (21%) complicated with acute

cardiovascular dysfunction; 3 cases (5%) complicated with

acute liver injury; 9 cases (16%) had multiple organ failure.

Of 103 patients, 23 cases (22%) received hemodialysis

treatment, 20 (87%) from 23 cases had thrombocytopenia

(15 cases with platelet counts �30� 109/L); 19 cases (18%)

died, 13 cases had the nadir platelet counts �30� 109/L;

however, the patients with normal platelet count did not die.

Discussion

The present study demonstrates that little is known about the

prognostic importance of thrombocytopenia in patients with

AKI in HS. However, in this study, approximately half of the

patients (54%) had severe thrombocytopenia (platelet counts

Figure 1. Relationship between the nadir
platelet counts and the peak blood creatinine
(A), the peak blood urea nitrogen (B), and the
lengths of hospital stay (C). The r denotes the
Spearman correlation coefficient, and the
line denotes the linear regression for each
comparison.

Figure 2. ROC analysis of the platelet and leukocyte counts to
predict AKI.
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� 30� 109/L), which is identical with Peng et al.12

Meanwhile, these patients also had a higher level of serum

creatinine and blood urea nitrogen. We retrospectively studied

the clinical processes of patients with HS throughout hospi-

talization, the patients sequentially developed thrombocyto-

penia, AKI, and leukocytosis. In these patients, the nadir

platelet count inversely correlated with the peak serum

creatinine, the peak blood urea nitrogen, and the length of

hospital stay, which reflected the severity of renal dysfunc-

tion. Thrombocytopenia and leukocytosis in patients with HS

were strongly associated with a substantially increased risk of

development of AKI.

In this study, the nadir platelet counts, as well as the peak

leukocyte counts, was found to be correlated with the clinical

and laboratory parameters which reflected the severity of AKI

(Figure 1). Compared with the admission platelet counts, and

the admission and peak leukocyte counts, the nadir platelet

counts were most accurate for diagnosis of AKI (Figure 2).

The clinical presence of hematuria was another independ-

ent predictor for the development of AKI (Table 3).

Thrombocytopenia is an important finding for development

of AKI induced by HS. Several pathological and physio-

logical mechanisms can explain the cause of thrombocyto-

penia in HS complicated with AKI;13,14 most scholars agree

that the increase of platelet damage and coagulation

abnormalities, the increase of pro-inflammatory cytokines in

plasma, cell membrane disintegration, and a large number of

biological toxin spillover are the main mechanisms.15–17

However, the accuracy of mechanisms underlying thrombo-

cytopenia in patients with severe diseases is still unknown.

Among those patients with AKI, timely hemodialysis

treatment may reduce the complications and mortality.18–20

The level of platelet counts indicates whether the patients

need hemodialysis treatment. But we should alert the wide

fluctuations in the level of platelet counts, despite the low of

platelet counts in the early stage, it may increased rapidly in a

short period of time. In addition to hemodialysis treatment,

some other treatment measures are also needed including: add

the plasma and platelet, control of body temperature, and the

necessity of enteral nutrition support.

Some limitations in this study need to be emphasized.

Firstly, it was a retrospective and descriptive study of AKI in

HS over a period of five years. Also, we performed analyses

that excluded participants with other organs dysfunction

within 24 h of admission, so caution must be exercised in

interpreting our data. Secondly, all cases in this study were

collected from medical records, and diagnoses were based on

the Heat Stroke Diagnostic Guide in the people’s Republic of

China (2002); therefore, it is not clear how our findings can be

generalized to patients in different areas. Thirdly, it is a small

cohort study, therefore, these markers require validation in

independent cohorts. Furthermore, this study did not specif-

ically compare the relationship between platelet decrease and

hemodialysis, and the study cannot differentiate the peak

serum creatinine and blood urea nitrogen between patients

with and without hemodialysis treatment.

Conclusions

Thrombocytopenia was associated with the development and

prognosis of AKI in HS. As the platelet count is a simple and

easy available clinical test that is widely used in medical care,

and thrombocytopenia is an early laboratory abnormality in

HS complicated with AKI, which may bring a rule that

evaluate the severity of AKI for timely hemodialysis

treatment. We suggest that doctors should pay much attention

to the changes of platelet counts and develop effective

treatments according to different conditions of each patient.
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