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Abstract
Objective: This study was designed to evaluate the efficiency and safety of arterial infusions of calcium gluconate to treat 
hydrofluoric (HF) acid burns of the distal human limbs. Materials and Methods: Eligible patients with HF burn limbs, 
collected from January 2008 to October 2011, were given the arterial infusion of calcium gluconate into the injured limbs. 
The measures of pain were conducted before the infusion, immediately after the infusion, 4 h after the infusion, and 2 days 
after the infusion by the visual analogy score (VAS). If the VAS score was higher than 4.0 at the time point 4 h after the first 
infusion, the infusion was repeated. The time of wound healing, and the number and ratio of the cases receiving the surgical 
operation were also evaluated. Results: A total of 118 patients, male (107 cases) and female (11 cases), were collected, in-
cluding 64 cases of outpatients and 54 cases of inpatients. The age of the subjects ranged from 16 to 60 years, with the mean 
age of 37.6. The burn sites were located in the lateral limbs (28 cases) and in the unilateral limbs (90 cases). For 107 cases, 
the pain scores decreased quickly after the first infusion. The other 11 cases, with the VAS score higher than 4.0 at the 
time point 4 h after the first infusion, received the second infusion. The average time of wound healing and the ratio of 
the cases receiving the surgical operation were closely related to the interval from the injury to the reception of infusion. 
Conclusions: Arterial infusion of calcium gluconate, effectively relieving the pain, blocking wound progressive deepening, 
and causing no adverse effects, could be the preferential method to treat hydrofluoric acid burns of the distal human limbs.
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INTRODUCTION

Hydrofluoric acid (HF), a  colorless poisonous corro-
sive liquid, has been widely used in the synthesis of or-
ganic fluorine compounds, semi-conductor production, 

glass etching, metal casting and in other industrial fields. 
During the production, transportation and usage of HF, 
this powerful inorganic acid easily causes burns individu-
ally or in batches, which usually occur on the distal limbs. 
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A  total of  118 patients, male (107 cases) and female 
(11 cases), were collected, including  64 cases of out-
patients and  54 cases of inpatients. The demographic 
and clinical characteristics of the 118 enrolled patients 
are listed in Table  1. The age of the patients ranged 
from  16  to  60  years, with the mean age of  37.6. The 
burn sites were located in the lateral limbs (28 cases) 
and in the unilateral limbs (90 cases). The analysis of 
the data of the patients and the cause of the HF burns 
showed that except one case resulting from the acciden-
tal injury involving a glass detergent used in the kitchen, 
all the other cases were associated with the particular 
occupations of the subjects. 32 injuries occurred in the 
production plants, 39 during transportation, 11 during 
facility maintenance and repairs,  4 in the laboratory 
and the remaining 31cases occurred in the glass sculp-
ture, metal casting, electronics industries and so on. 
Among 107 patients with the burn wounds on the hands, 
there were 90 cases with finger burns and 17 cases with 
accompanying palm of the hand or back injuries. 
Table  2 shows the distribution of  281 burned fingers 
of  107 patients. In the other  11 patients, their burn 
wounds mainly occurred on the sole of the foot, distal 
back and toes. Out of all  118 patients, only  34 cases 
(28.8%) used protective equipment at the workplace and 
they were exposed to HF due to broken rubber gloves, 
shoes or clothes.

Methods for arterial infusion of calcium gluconate
In the patients injured immediately after the HF burn, 
their radial artery, dorsal pedal artery or posterior tibial 
artery of the injured site was selected as the puncture 
blood vessel. After successfull puncture along or against 
the blood flow, the mixed solution of 10 ml of 10% cal-
cium gluconate and 20 ml of 10% glucose was injected 
slowly by the syringe pumps. The injection procedure 
finished in 15 min, usually aroused the obvious burning 
sensation in the patients. 

The accidents of HF burns have occurred not only in the en-
terprises dealing with chemical production and transporta-
tion, but also in the daily life [1–3]. Among all the chemicals 
resulting in chemical burns, HF could become the first most 
common substance to cause chemical injuries [3]. 
Moreover, the fluoride ion can be absorbed quickly 
through the skin and further result in secondary lesions, 
such as serious skin necrosis, hypocalcemia, and severe 
pain [4]. To effectively treat the patients with HF expo-
sure, immediate specific and specialized medical mea-
sures seem to be essential. In addition to the traditional 
measures for chemical injuries, arterial infusion of cal-
cium gluconate has been reported as an effective method 
to treat chemical burns occurring due to HF [5,6]. Here-
in, we report 118 cases of HF burns, who received intra-
arterial calcium gluconate treatment. We also emphasize 
the importance of the early management of the treat-
ment and the efficacy and safety of this method used to 
treat HF burns of the distal human limbs systematically 
evaluated by observing the level of pain, the time and 
way of wound healing, and the occurrence of adverse 
reactions.

MATERIALS AND METHODS

Clinical materials
From January  2008 to October  2011, eligible patients 
with  HF burns of distal lateral or unilateral limbs out 
of the inpatients and outpatients of the Department of 
Burns of Zhejiang Quhua Hospital or of the Department 
of Burns of 2nd Affiliated Hospital of Zhejiang Univer-
sity were enrolled in this retrospective study. The patients 
with inhalation injuries, disturbances of consciousness, 
severe diseases of important organs and other HF burns 
beyond the limbs were excluded. The teenage patients un-
der the age of 14 were also excluded. The burn patients 
did not receive the same or similar treatment related to 
calcium gluconate after HF burns.
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Wound treatment 
The wound treatment was conducted according to the 
following procedures. First, the bulla skin was removed 
and the affected fingernails or toenails were pulled out. 
If the nail was not destroyed completely, the injured part 
of the nail was cut off instead of removing the whole nail. 
Then, the wounds were washed with physiological saline, 
and soaked with wet gauze containing 10% calcium gluco-
nate for 24 h. All the wounds in this study were treated as 
follows: the wounds were cleaned by normal saline, disin-
fected with 1% cream of sulfadiazine silver, and covered 
with dressings changed every other day, until the wounds 
healed or were turned to surgical treatment. 

Evaluation
Pain scoring
The measures of pain were conducted before the infu-
sion, immediately after the infusion, 4 h after the infusion, 
and 2 days after the infusion by the visual analogy score 
(VAS) [7]. The VAS is usually a horizontal line, 100 mm 
in length, anchored by the extremes labeled “no pain” and 
“very severe pain”. After providing written informed con-
sent, patients were asked to mark on the line the point 
that they felt to represent their perception of their current 
state. The VAS score is determined by measuring in mil-
limeters the fragment from the left hand end of the line 
to the point that the patient marks. If the VAS score was 
higher than 4.0 at the time point 4 h after the first infusion, 
the infusion and the pain evaluation were repeated.

Wound healing
For all the wounds, pictures were taken and the healing 
time was recorded. The number and ratio of the cases re-
ceiving the surgical operation were calculated. For all the 
cases, the time when the patients were injured, the time of 
the infusion, and the time of complete wound healing (de-
fined as > 95% wound closure) were carefully recorded 
and analyzed. 

Table 1. Demographic characteristics and clinical features 
of patients

Variable
Patients
(N = 118)

n %
Gender

male 107 90.7
female 11 9.3

Age (years)
16–30 28 23.7
31–40 45 38.1
41–50 33 28.0
51–60 12 10.2

Burn sites
right hand 50 42.4
left hand 34 28.8
both hands 23 19.5
one foot 7 5.9
both feet 4 3.4

Burn area (TBSA) (%)
< 1 105 89.0
1–< 2 10 8.5
2–3 3 2.5

The time from injury to infusion (h)
< 12 55 46.6
12–< 24 32 27.1
24–48 18 15.3
> 48 13 11.0

TBSA – total body surface area.

Table 2. The distribution of 281 fingers of patients

Finger
Patients
(N = 107)

n %
Thumb 77 27.4
Forefinger 86 30.6
Middle finger 67 23.9
Ring finger 31 11.0
Little finger 20 7.1
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were evaluated using a  two-tailed Student’s t-test. The 
value of p < 0.05 was regarded as significant.

RESULTS

Pain scoring
107 cases, whose pain was obviously relieved after infu-
sion, could go to sleep peacefully. Four h after the first 
infusion,  11 cases with the pain score higher than  4.0 
received another infusion and the pain relief became 
obvious. 
For  107 patients, the scores of pain before the infusion, 
immediately after the infusion,  4 h after the infusion 
and 2 days after the infusion were recorded as 6.32±1.67, 
2.80±0.90, 2.69±0.77, and 2.04±0.74, respectively (Table 3). 
For the other 11 cases with the VAS score higher than 4.0 at 
the time point 4 h after the first infusion, the scores of pain 
before the infusion, immediately after the first infusion, 4 h 
after the first infusion, immediately after the second infu-
sion, and  2 days after the first infusion were 7.68±1.18, 
4.72±0.89, 4.45±0.47, 3.09±0.51 and 2.85±0.95, respective-
ly (Table 4). The pain scores after the infusion were signifi-
cantly different than the scores before the infusion.

Laboratory tests
When the patients sought treatment for HF burns for the 
first time, the blood specimens were taken immediately to 
detect the concentration of calcium ion and magnesium 
ion. The urine specimens were also taken to obtain the 
values of the urine fluorides with the Ion-Selective Elec-
trode method. For the patients after admission, the urine 
fluorides in the first morning urination were normally de-
tected.

Adverse effects
During the arterial infusion of calcium gluconate, all the 
adverse effects, such as solution leakage, hematoma for-
mation, vasculitis, tissue necrosis, and hypercalcemia were 
investigated and recorded.

Statistical analysis
All quantitative data were analyzed with SPSS 16.0 (USA). 
The measurement data were presented as the mean   stan-
dard deviation, while the enumeration data were expressed 
by the constituent ratio. The comparisons of pain scores 
before and after the infusion were conducted with the Stu-
dent’s t-test. Statistical differences among the specimens 

Table 3. The scoring of pain for 107 patients receiving one arterial infusion of calcium gluconate

Infusion
Pain score
(M±SD)

before the infusion immediately after the infusion 4 h after the infusion 2 days after the infusion
Once 6.32±1.67 2.80±0.90* 2.69±0.77* 2.04±0.74*

* Indicates a significant difference (p < 0.05) compared to the pain score before the infusion.

Table 4. The scoring of pain for 11 patients receiving two arterial infusions of calcium gluconate

Infusion

Pain score
(M±SD)

before the infusion immediately after 
the first infusion

4 h after the first 
infusion

immediately after 
the second infusion

2 days after the first 
infusion

Twice 7.68±1.18 4.72±0.89* 4.45±0.47* 3.09±0.51*# 2.85±0.95*#

* Indicates a significant difference (p < 0.05) compared to the pain score before the infusion.
# Indicates a significant difference (p < 0.05) compared to the pain score 4 h after the first infusion. 
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the lower value of the normal level (2 mmol/l). The values 
of serum magnesium ion distributed from  0.54  mmol/l 
to  0.99 mmol/l, and averaged as  0.83±0.09 mmol/l in all 
the cases, among which 3 cases revealed the values below 
the lower limit of the normal level (0.66 mmol/l). The ave
rage value of urine fluorides was 2.36±3.09 mg/l, distribut-
ing from 0.14 mg/l to 25.8 mg/l in all the cases, and there 
were 62 cases with the values higher than the upper limit 
of  1.7  mg/l. Figure  2 shows the changes in the morning 
urine fluorides of 14 admitted patients. The urine fluorides 
reached the peak on the  2nd day after their admission, 
then declined quickly, and returned to the normal level 
about 5 days after the admission.

Adverse effects
There were 4 cases of solution leakage among all the treat-
ed patients, which were recognized timely and treated by 

Wound healing
In all 118 patients with HF burn wounds, significant heal-
ing results were obtained. In 103 cases, the wound healing 
process was finished by changing dressings, while 15 cases 
received the skin grafting or flap repair. 
Among the patients receiving surgical treatments, 4 cases 
were treated by eschar excision and skin grafting; 4 cases 
received the excision of granulation tissue or necrotic pha-
langes and skin grafting;  7 cases were subjected to flap 
transplantation for the exposure of phalanges or tendons. 
In all the healed cases the abnormal appearance caused by 
the removal of nails was observed. 35 patients healed with 
a different degree of scar formation, out of whom 7 cases 
manifested a different degree of finger shortening defor-
mation because of the terminal finger necrosis.
The time of wound healing was related to the first time 
when the patients sought treatment after experiencing HF 
burns. The later the arterial infusion began, the longer was 
the time of wound healing (Figure 1), and the higher was 
the ratio of the cases who needed to receive surgical treat-
ment (Table 5). The average times of wound healing were 
6.02±2.39,  10.7±2.89,  15.9±3.03, and  24.8±2.48 days, 
and the ratios of the cases receiving the surgical operation 
were 1.8%, 3.1%, 22.2%, and 68.2% according to the infu-
sion time within 12 h, 12–24 h, 24–48 h, and beyond 48 h 
after experiencing the HF burns. 

Laboratory tests
The values of serum calcium ion distributed from 1.88 mmol/l 
to  2.80 mmol/l, and averaged as  2.29±0.17 mmol/l in all 
the cases, among which 5 cases revealed the values below 

Table 5. The ratio of cases operated on after the injury

Classification
The infusion time since the injury

< 12 h 12–< 24 h 24–< 48 > 48 h
Total cases (n) 55.0 32.0 18.0 13.0
Cases for operation (n) 1.0 1.0 4.0 9.0
Ratio (%) 1.8 3.1 22.2 68.2

Fig. 1. The relationship between the infusion time 
and the average time of wound healing
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easily penetrate the skin and the lipid barrier, combine 
with calcium ions and magnesium ions in the hypodermal 
layer to form the insoluble salts, and specifically result in 
tissue liquefaction and necrosis [10]. The appearing time 
of clinical symptoms and signs after HF burn is strongly 
related to the concentration of HF to which the patient 
has been exposed and the duration of that exposure [11]. 
HF, with the concentration greater than 50%, can cause 
immediate pain and tissue injury, which could be found 
easily, and receive suitable treatment in time. The burns 
resulting from HF of lower concentration are too difficult 
to perceive at the early stage, which commonly leads to 
delayed treatment.
The critical procedure to treat HF burns is to block the 
progressive destruction caused by fluorine ions. The com-
mon neutralizing agents include calcium gluconate, mag-
nesium sulfate and other substances. Calcium gluconate 
has been widely adopted as a better choice. The regional 
administration ways include topical wet compressing, lo-
cal invasion injection, intravenous infusion, arterial infu-
sion, etc. [12]. HF, with strong penetrating power, can pen-
etrate the whole layer of skin in several minutes [13,14]. 
Compared with fluorine ions, calcium ions and magne-
sium ions have weaker tissue penetration power. Hence, 
their external use on wounds does not bring substantial 
curative effects. 
Although the tissue penetration of calcium ions and mag-
nesium ions could be enhanced by adding dimethyl sulf-
oxide [10] or using iontophoretic delivery [15], the practi-
cal effects remain controversial. Some auxiliary measures 
seem necessary. The local invasion injection of calcium 
gluconate is very suitable for the rich areas of skin soft 
tissues. The fingers and toes, with few hypodermal soft tis-
sues and rich nerve endings, comprise dense tissues. The 
local injection can cause severe pain of the finger or toe, 
which could not be accepted by most patients. 
Moreover, the local edema may occur in fingers and 
toes following  HF burns. The local invasion injection 

local compression for 15 min and another arterial punc-
ture. No obvious hematoma formation, vasculitis or tissue 
necrosis were observed during the infusion. The monitor-
ing of serum calcium ion indicated that no hypercalcemia 
occurred in any of the examined cases.

DISCUSSION

The Zhejiang Province, located in the southeast China, is 
an industrial area with a high incidence of chemical burns. 
In recent years, when the large chemical corporations 
have expanded their plants and increased production, 
lots of private enterprises and sole proprietorships have 
also been established and have enlarged their production 
scale. Subsequently, work-related chemical burns keep on 
the rise. According to incomplete statistics, thousands of 
patients suffer from chemical burns each year in the Zheji-
ang Province. HF has now become the most common sub-
stance to cause chemical injuries [3].
HF is a relatively weak acid, but it is strongly corrosive to 
biological tissues [8,9]. HF causes tissue injury by two dif-
ferent mechanisms. On the one hand, HF, as well as con-
centrated sulfuric acid and hydrochloric acid, can release 
H+ in very high concentration, which causes immediate 
tissue destruction. On the other hand, fluorine ions can 

Fig. 2. The changes in morning urine fluorides for 14 inpatients
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gluconate solution was given by intravenous infusion. Af-
ter 20–25 min, the tourniquet was released. Graudins et al. 
reported satisfactory results in 4 out of 7 examined cases, 
while the other 3 cases were further treated by the arterial 
infusion of calcium gluconate [20]. 
The arterial infusion of calcium gluconate, directly trans-
porting the calcium ions to the burn regions, is suitable 
to treat not only the HF burns of the distal limbs, but the 
chemical burns of the head and face as well  [22]. This 
method involving interrupted [23] or continuous [24] in-
fusions, is easy to perform, and hardly needs any specific 
reagents or devices. Moreover, the treatment results are 

aggravating the swelling and pain, and even hampering 
the blood supply, is not suitable for the treatment of HF 
burns. The intravenous infusion as a systemic treatment, 
can be used to rectify the hypocalcemia and hypomagne-
semia [16,17]. The Bier’s block technique was first used by 
August Gustav Bier to perform anesthesia in the case of 
a limb surgery [18,19]. 
Graudins et al.  [20] and Ryan et al.  [21] adopted re-
gional intravenous infusions of calcium gluconate us-
ing the Bier’s block technique to treat the HF burns of 
limbs. Briefly, after blocking the circulation with the air 
pressure tourniquet near to the injured limb, the calcium 

Table 6. The results of laboratory examination after hydrofluoric burns

Indexes Patients
(n)

Results of laboratory examination
range 
(mmol/l)

M±SD
(mmol/l)

reference values
(mmol/l)

supplements
(mmol/l)

Serum Ca 118 1.88–2.80 2.29±0.17 2.00–2.80 5 cases: Ca < 2.00
Serum Mg 118 0.54–0.99 0.83±0.09 0.66–1.20 3 cases: Mg < 0.66
Urine F 118 0.14–25.8 2.36±3.09 0.00–1.70 62 cases: F > 1.70

Ca – Calcium ions; Mg – magnesium ions; F – fluoride.
M – mean; SD – standard deviation.

Table 7. General comparison of pain scores taking into account the patients’ characteristics 

Variable Patients
(n)

Pain score
(before infusion)

Pain score
(4 h after infusion) t value F value

Gender
male 107 6.43±1.52 2.86±0.92 20.78 −
female 11 6.57±1.08 2.75±0.71 9.81 −

Age (years)
14–30 37 6.59±1.14 2.92±0.79 − 491.21
31–45 52 6.33±0.97 2.83±0.95 − 570.72
46–60 26 6.54±1.23 2.78±0.86 − 354.67
> 60 3 5.84±1.45 2.94±0.57 − 185.78

Patient type
outpatients 64 6.39±1.37 2.84±0.98 21.49 −
inpatients 54 6.88±1.24 2.92±1.01 9.26 −

Patients receiving the first infusion 118 6.45±1.53 2.85±0.79 22.71 −
Patients receiving the second infusion 11 7.68±1.18 4.45±0.47 8.43 −
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and block progressive wound deepening. A delay in the 
arterial infusion could result in an increase of the wound 
depth, entail more difficulties for advanced treatments, 
and affect the possible morbidity of scar formation or 
contracture. Many patients who were given the delayed 
infusion, had received the normal venous transfusion in 
other local clinics or hospitals, even in the large general 
hospitals, but had not been given any calcium or magne-
sium reagents to neutralize the fluorine ions in the local 
tissue and blood, which made the effects of the injury re-
sulting from fluorine ions more persistent, and led to the 
situation in which the ideal opportunity for treatment was 
missed. Hence, it is essential to enhance the public aware-
ness of  HF burns, and improve the relevant treatment 
technologies.
The clinical therapeutic effect of HF burns treatment with 
the arterial infusion of calcium gluconate is undeniable. 
However, some situations could affect the therapeutic 
effect. Firstly, the pinhead of infusion may be punctured 
into the vein mistakenly, leading to the situation in which 
the calcium reagent  has no access to the burn region. The 
arterial infusion of calcium reagents usually causes an ob-
vious burning sensation in the limbs, which can be used 
to locate the puncture pinhead. Secondly, because of the 
dual arterial blood supply of the hands and feet, the infu-
sion through the single artery usually does not cause the 
calcium reagent to be distributed effectively in the burn 
region. However, selecting the brachial artery as the punc-
tured point, or compressing the other artery on the wrist 
or ankle when infused, can make the calcium distribute 
well. Thirdly, the velocity of infusion should be controlled 
appropriately. If the infusion progresses too fast, the cal-
cium ions fail to bond the fluorine ions in the tissue to the 
maximum desirable extent. If the infusion is too slow, the 
tissue injury resulting from the effect of fluorine ions will 
deepen. 
Finally, it is very important to handle correctly the bulla in 
the burn region. The formation of bulla can cause further 

reliable, and do not lead to serious adverse effects. There 
are no standards regarding the dose and time of infusion. 
In this study, we selected the mixed solution of  10 ml 
of 10% calcium gluconate and 20 ml of 10% glucose as the 
neutralizer for HF burns, which was mainly based on basic 
knowledge and our clinical experience. 
Firstly, according to the literature, HF has a strong abil-
ity to diffuse into human skin. It can reach the basal 
layer 2 min after exposure and completely penetrate hu-
man skin 5 min after contact [13]. Hence, calcium gluco-
nate given in a short time (15 min) could be beneficial for 
rapid neutralization of fluoride ions, or calcium supple-
ment, and further reduce the injury to the body. Secondly, 
comparing our results with those reported by other publi-
cations, the dose we used was effective and safe. The pain 
in most patients relieved after the first infusion, and there 
were no obvious adverse effects observed in our study. 
Thirdly,  10% calcium gluconate can be obtained conve-
niently and can be used after being quickly diluted with 
gluconate solution. This can be very important for emer-
gency patients with HF burns. 
Hatzifotis et al. [10] suggested that topical wet compress-
ing of calcium gluconate should be selected for the HF 
burns of hands, whilst the regional intravenous and 
intra-arterial calcium infusion could be adopted as the ad-
vanced measures. The combined application of the above 
methods could also be used to produce a highly effective 
treatment [10]. This study indicated that topical wet com-
pressing of calcium gluconate can be used in the pre-hos-
pital care. For the outpatients and inpatients, the arterial 
infusion can be the preferential method. 
When the skin gets burned with HF, the skin wounds pro-
gressively deepen. The wound depth is correlated not only 
with the concentration of  HF to which the patient has 
been exposed and the duration of that exposure, but also 
with the treatment measures adopted at the early stage. 
The early arterial infusion of calcium gluconate can timely 
block the progressive injury, effectively relieve the pain, 
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of calcium gluconate, in combination with the topical use 
of hydrating gels (containing dimethyl sulfoxide, calcium, 
magnesium ions, etc.) could bring better results of medical 
intervention.

CONCLUSIONS

The arterial infusion of calcium gluconate, effectively re-
lieving the pain, blocking wound progressive deepening, 
and leading to no adverse effects, could be the preferential 
method to treat hydrofluoric acid burns of the distal hu-
man limbs.
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