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INTRODUCTION
The findings of the study demonstrated that the 
MCM was a highly effective and patient-friendly 
approach for the reduction of anterior shoulder 
dislocations, achieving the highest success rate 
(93.3%) compared to the Hippocratic (83.3%), 
Kocher (76.7%), and Stimson (63.3%) techniques. The 
success rate of the MCM in this study is comparable 
to the results reported by a previous study that 
showed the Chair Method had a success rate of 
97.8%, which was superior to the Kocher (97.5%), 
Spaso (94.8%), and Matsen (92.5%) methods4. 
Similarly, another study observed a significantly 
higher success rate for the MCM (96.5%) compared 
to the Hippocratic method (84.5%, p < 0.001), further 
supporting the effectiveness of the chair-based 
technique in reducing anterior shoulder 
dislocations5, 14, 15.

The lower success rates observed in the Kocher and 
Stimson methods in the present study are consistent 
with prior literature that reported the Kocher 
technique often requires multiple attempts and 
increases the risk of procedural failure due to muscle 
resistance, which is a known drawback of 
force-dependent maneuvers 16. Similarly, the 
Stimson method, which relies on gravitational 
traction without active manipulation, has been 
reported to have lower efficacy, as seen in previous 
study, where the success rate was significantly lower 

than Milch methods16.

The pain scores in this study further support the 
superiority of the MCM, with the lowest mean VAS 
pain score (4.00 ± 2.47) compared to Hippocratic 
(5.10 ± 2.54), Kocher (4.93 ± 2.64), and Stimson (5.23 
± 2.52), though the difference was not statistically 
significant (p = 0.233). Similar findings have been 
reported by previous study, where patients 
undergoing the Chair Method reported significantly 
lower intra-reduction pain levels (VAS 4.0 vs. 6.9 in 
Kocher and 6.8 in Matsen methods)4. Additionally, 
another study found that the MCM resulted in a 
significantly lower pain index (3.20) than the 
Hippocratic method (36.70, p < 0.001)5. These 
findings suggest that techniques that rely on patient 
relaxation rather than forceful manipulation tend to 
be better tolerated and cause less distress.

Complication rates were low across all groups, with 
89.2% of patients experiencing no adverse effects. 
The Kocher method exhibited the highest rate of 
iatrogenic fractures (10%), while the Stimson method 
had the highest recurrence rate (10%). These 
findings are consistent with previous studies, which 
reported that forceful external rotation in the Kocher 
method can predispose patients to iatrogenic 
fractures, particularly in elderly populations or 
patients with osteoporotic bone structures4, 5, 

18,19,20,21,22,23.

Regarding the need for analgesia, the MCM group 
had the lowest requirement (20%), while the Kocher 
group had the highest (33.3%), although this 
difference was not statistically significant (p = 0.687). 
This observation aligns with the literature, which 
found that methods involving gradual muscle 
relaxation, such as the Chair Method and Stimson 
method, required fewer pharmacological 
interventions compared to force-dependent 
techniques like the Kocher and Hippocratic 
methods17, 24,25,26.

The implications of this study support the MCM as a 
preferred technique for anterior shoulder dislocation 
reduction, particularly in emergency department 
settings where time efficiency and patient comfort 
are crucial. The findings align with previous research 
suggesting that techniques minimizing force, utilizing 
passive positioning, and reducing patient distress 
contribute to better outcomes. While this study 
provides strong evidence in favour of the MCM, 
several limitations must be considered. First, the 
study was conducted at a single center, limiting 
generalizability to broader populations. Second, 
long-term recurrence rates beyond 24 hours were 
not assessed, and further research with extended 
follow-up periods is necessary to evaluate the 
stability of reduction. Additionally, while procedures 
were performed by experienced physicians, 
operator dependency was not analyzed, and future 
studies should assess whether the MCM maintains its 
advantages in settings with varied skill levels.

CONCLUSION
The findings suggest that the MCM is the most 
effective technique for reducing anterior shoulder 
dislocations, demonstrating the highest success rate 
and lowest post-procedure pain levels. Although the 
need for analgesia and complication rates were not 
significantly different among groups, the MCM 
showed a trend toward better patient outcomes. 
These results support the use of this method as a 
preferred approach for closed reduction in clinical 
settings.

LIST OF AVBBREVIATIONS
MCM – Modified Chair Method
VAS – Visual Analog Scale
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ORIGINAL ARTICLE OPEN ACCESS

Estimation of Heavy Metals in Canned Foods 
Sold in the Markets of Peshawar, Khyber 
Pakhtunkhwa, Pakistan

ABSTRACT

Background: Heavy metals in food are an emerging public health issue in the modern food industry. 
The toxicity of heavy metals can have serious effects on human health. Therefore, the present study 
was conducted to measure the concentration of heavy metals in branded canned foods.

Methods: A cross-sectional analytical study was conducted from January 2021 to July 2022.  A total 
of 60 samples consisting of 42 International and 18 Pakistani canned foods. Collected samples were 
analyzed by an atomic absorption spectrometer present in the Public Health laboratory, Khyber 
Medical College, Peshawar. Data was analyzed using SPSS version 23 for Windows. The p-value less 
than 0.05 was taken as significant.

Results: Tested samples were selected from 4 food types; i.e., fruits 19, lentils and legumes 18, 
vegetables 17, and 6 fish cans. Eighteen were preserved in sugary syrup and 42 in brine. International 
branded cans had upper normal levels of Cd, Cr, and Cu. While Pakistani cans showed upper 
normal Pb levels in the recommended set point by FAO/WHO, i.e., 0.1 mg/L Cd, 1 mg/L Cr, 0.4mg/L 
Cu, and 0.5 mg/L Pb. Pb, Cd, Cu and Cd levels in Pakistani canned food were in a range of 
0.29-0.0183 mg/L, 0.001- 0.047 mg/L, 0.008-0.022mgL and -0.069-0.123mg/L. Metals in International 
branded cans were in the range of -0.001- 0.198 mg/L, 0.001-0.065mg/L, -0.00-0.049mg/L and 
-0.004-0.137mg/L. This study revealed the upper normal limit for Pb and exceeding Cd levels in the 
tested samples. 

Conclusion: The present study concluded that heavy metal concentrations are well above the 
permissible level stated by the WHO. Therefore, canned food should be consumed consciously. 
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INTRODUCTION
Food is a basic necessity of life. With growing food 
industries and the development of new preservative 
methods, the use of canned food is increasing all 
over the world1. The delicious nature of these 
products has made them popular day by day2. 
Although popular but these foods are risky to human 
health at the same time3. Canned food 
manufactured in unhygienic methods and 
processing is prone to numerous health effects4. 
Some of these effects are acute, like food poisoning, 
and others are chronic, e.g., toxicity by heavy 
metals contamination from cans5.

Heavy metals like cadmium, chromium, mercury, 
and arsenic are potentially dangerous and have 
life-threatening complications like cancers, chronic 
kidney disease, memory impairment etc6. Heavy 
metal contamination, especially from canned food, 
is usually ignored due to chronic effects, and if 
particularly used for longer periods7. Globally, the 
use of canned food has increased because of the 
easy availability and delicious nature of these foods 
and their availability throughout the seasons. 
International trading and globalization have made 
canned food available in almost every country8.

Pakistan is an agricultural country, and fresh food 
and vegetables are available throughout the 
season9. Canned foods are becoming popular in 
Pakistan because of their deliciousness and use of 
artificial flavors and colors. Media has a great role in 
promoting these items and bringing them close to 
us10. Children who are our future are particularly 
addicted to these food items. In Pakistan, both 
locally manufactured and international canned 
foods are liked by people, especially children 11,12. 
In Pakistan, very few studies have been done to 
estimate the concentration of heavy metals in 
canned food items. In Peshawar, KPK, very few 
studies were found in the literature. The present 
study is, therefore, novel and important because it 
will provide us with baseline data about the 
concentration of heavy metals in both local and 
international branded canned food items. The 
results of this study will be shared with the food 
authority for strict legislation against contaminated 
canned foods.

METHODS
A cross-sectional analytical study was conducted 
from January 2021 to July 2022. 
The sample size was calculated using the following 
formula:

N =   (1.96)2 ×(s)2

(d)2

N= Sample size
 S =Maximum standard deviation, which was taken 
as 0.20 from a previous study18

d =   Margin of error, which was taken as 5% in this 
study
The calculated sample size after inputting the data 
was 60 samples for this study.

Canned foods were selected using a 
non-probability convenience sampling technique. 
Fruit, vegetables, fish, and legumes are 
proportionately distributed into Pakistani and 
internationally branded canned food.  
Data was collected after ethical approval was 
granted by the institute's Graduate Committee and 
Institutional Review Board
(No=DIR/KMU-AS&RB/EH/00029). Samples of 
canned food were analyzed using the wet digestion 
technique and analyzed in the Atomic Absorption 
Spectrometer.

The sample was prepared by the “Acid digestion 
technique.  A ground sample of 2gm weight was 
taken in a volumetric glass flask containing 
perchloric acid (HClO4) and Nitric acid (HNO3) in a 
ratio of 1:3, i.e., for every 5ml of perchloric acid 
(HClO4) and 15 ml of Nitric acid (HNO3) was added in 
a flask. It was kept over a hot plate for about 2 
hours till white fumes appeared and the volume 
reduced to half, i.e., 10 ml. This procedure was 
repeated to ensure complete digestion. The flask 
was then filled with de-ionized water for dilution to 
the mark of 100ml. It was then filtered through 
Whatman filter paper No. 40, and the sample was 
ready for the estimation of concentration of the 
elements on an atomic Absorption Spectrometer. 
Data was analyzed using SPSS version 23 for 
Windows. A t-test was used to find any statistically 
significant differences between variables. A value 
less than 0.05 was considered significant.

RESULTS 

Table 1: Metal Concentration According to the Manufacturer's Country 

Manufacturer Lead Cadmium Copper Chromium 

International 
Branded 

Canned Food 
42 

Mean 0.063081 0.014548 0.005024 0.034000 

Std. 
Deviation 0.0636602 0.0304480 0.0133444 0.0605761 

DISCUSSION
The study analyzed 51 pediatric APML patients 
treated over a ten‐year period, which revealed a 
significant age difference between risk groups, with 
older children tending to be classified in the 
low/standard risk category, while the high-risk group 
had a higher, though not statistically significant, 
mortality rate. The children with fatal bleeding had a 
median age of 7.00 years, whereas the median age 
was 6.00 years in patients who suffered a nonfatal 
bleeding incident. A Swedish study observed early 
death (ED) rates of 19.6% and 18.6% in children with 
a median age of 54 and 53 years, respectively.10. In 
a Turkish study, early death (ED) and 5-year survival 
rates of 12% and 54%,  respectively, were reported, 
with fatal bleeding being the most common 
complication.11. When comparing patients who 
experienced fatal bleeding with those who did not, 
no statistically significant differences were observed 
in laboratory parameters or demographic variables, 
aside from the fact that fatal bleeding was, as 
expected, associated with a significantly higher 
overall mortality rate. Similarly, in a multivariate 
analysis, it has been concluded risk factors and 
predictors of early death (ED) in APL patients 
including age >52 year (OR=5.170, p=0.002), WBC > 
10 x 109/L (OR=9.062, p<0.001), Platelets count ≤ 10 x 
109/L (OR=4.254, p<0.001) and LDH levels > 500U/L 
(OR=3.002, p=0.046)12.

The patients who had fatal bleeding had a median 
WBC of 17.20 as compared to 11.01 in patients who 
had non-fatal bleeding incidence. Another study, in 
a multivariate analysis, identified that an ECOG 
score of > 2 and raised WBC were found to be 
independent risk factors for fatal complications13. A 
Chinese study has reported similar findings that 
pre-treatment and daily mean WBC during 
hospitalization were higher in patients with fatal 

bleeding and early death as compared to the 
non-fatal bleeding group (p<0.001). On the other 
hand, mean platelet count was significantly lower in 
the fatal bleeding group (p<0.001), 14. Higher WBC 
count, raised D-dimers, decreased platelet count, 
and prolonged PT and APTT were independent risk 
factors and early predictors of hemorrhagic 
complications and fatal bleeding in another study 
as well15.

The derangements in coagulation factors were also 
associated with increased incidence of mortality in 
high-risk group patients. The PT, APTT, and fibrinogen 
levels were slightly higher in the fatal bleeding group 
as compared to patients with non-fatal bleeding 
(14.0 vs 12.0, 36.0 vs 34.0, and 234.35 vs 199.45), 
respectively. An Indian study concluded that 30-day 
mortality due to thrombo-hemorrhagic events was 
8.4%. Statistically significant association was noted 
between increased WBCs, PT, and APTT and early 
death secondary to thrombo-hemorrhagic (ED-TH) 
(p<0.001)16. Similar findings were reported in a New 
York-based study that bleeding pre-treatment as 
well as during treatment was the most commonly 
noted cause of mortality.17. Coagulation 
parameters, including PT, APTT, fibrinogen, and 
D-dimers, were found significantly higher in the 
high-risk group in a Chinese study; however, after 
combination drug induction therapy, no significant 
difference was noted in different risk groups of 
patients with APL.18.

The incidence of severe/fatal bleeding (WHO 
Grade 3 or 4) was observed, and noted that the 
high-risk group had more incidence of fatal 
bleeding, 28.57%, with a mortality rate of 39.28%, as 
compared to the low-risk group, in which 26.07% 
had fatal bleeding with 21.73% mortality. In this 
study, fatal hemorrhage (GI or Cerebral) in 6 (37.5%) 

was found to be the most common cause of 
mortality, followed by febrile neutropenic sepsis and 
ATRA syndrome.

As far as causes of death are concerned, it has 
been reported that fatal hemorrhages were the 
leading cause of death, contributing 52.94% of 
mortality in patients of APL pre-induction and during 
treatment, followed by sepsis in 44.44%19. A 
Japanese study on this topic has also reported the 
risk factors of bleeding in APL patients and showed 
that pre-induction high WBCs, lower Hb and platelet 
count, and leukocytosis, high BMI, and 
differentiation syndrome during induction were 
independent predictors of fatal complications, 
including bleeding and mortality20.

Patients in this study responded well to combination 
treatment with ATRA and idarubicin as well as ATRA 
and ATO. The response to different treatment groups 
in APL patients has been studied, and it has been 
reported that patients responded well to 
combination treatment with ATRA and ATO. 
Combination treatment as primary therapy 
markedly improved the survival rate in APL 
patients21. In our study, treatment-related 
complications also contributed towards mortality, 
with ATRA syndrome occurring in 14.28% in the fatal 
bleeding group and 10.42% in the non-fatal 
bleeding group (p=0.661). A review of literature on 
APL has documented that 20-25% of APL patients 
developed differentiation syndrome following 
induction of treatment22.

Despite these insights, the findings did not yield any 
robust predictors of fatal bleeding. The lack of 
significant associations in most comparisons 
suggests that the current sample size may be 
insufficient or that the data’s heterogeneity masks 
subtle effects. Single-center study design and 
limited sample size are major limitations of this study. 
We employed a census sampling technique, which 
risks a high chance of Type II error. Future studies 
should aim for larger, multi-center cohorts and 
consider using advanced statistical techniques such 
as multivariate logistic regression with larger and 
more standardized data sets to better account for 
the complex interplay of clinical, laboratory, and 
treatment-related factors. These improvements 
could help develop more accurate risk stratification 
models and inform timely interventions to reduce 
the incidence of fatal bleeding in pediatric APL 
patients.

CONCLUSION
Thrombo-hemorrhagic events and 
febrile-neutropenic sepsis were found to be 
common causes of death in APL patients. High-risk 
patients had a higher incidence of fatal bleeding 

pre-induction as well as during therapy. Higher 
WBCs, lower Hb and platelets, prolonged PT and 
aPTT were found to be risk factors of fatal bleeding 
leading to early death and mortality.
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Pakistani 
18 

Mean 0.076611 0.008833 0.001222 -0.003056 

Std. 
Deviation 0.0453913 0.0067323 0.0075658 0.0641281 

Total 

Mean 0.067140 0.012833 0.003883 0.022883 

N 60 60 60 60 

Std. 
Deviation 0.0587281 0.0257736 0.0119718 0.0634676 

This study was carried out to estimate the concentration of heavy metals Lead (Pb), Cadmium (Cd), 
Chromium (Cr), and copper (Cu). A total of 60 samples were collected, which included 42 international 
branded cans and 18 Pakistani branded cans. 

Among all 60 samples, 19   were fruit samples, 18 were lentil and legume cans, and 17 were cans of vegeta. 
Of these 60 samples, 18 were preserved in sugar syrup. while brine was used as a preservative for 42 samples 
bles and 6 cans containing fish product.   

Heavy metal concentration was within upper normal limits in International branded canned food in 
comparison to Pakistani branded canned foods, except for the Pb level. Pb levels were found at high upper 
limits in Pakistani canned food, as shown in Table 1. 

Type of food cans Lead Cadmium Copper Chromium 

Vegetable 
17 

Mean 0.052118 0.012765 0.002353 0.006824 
Std. 

Deviation 0.0327851 0.0103412 0.0076644 0.0682012 

Fruit 
19 

Mean 0.085526 0.018632 0.004105 0.014579 
Std. 

Deviation 0.0622695 0.0434373 0.0119810 0.0642740 

Lentil & 
Legumes 

18 

Mean 0.045133 0.008889 0.006389 0.035167 
Std. 

Deviation 0.0550629 0.0117368 0.0164822 0.0548434 

Fish 
6 

Mean 0.117500 0.006500 0.000000 0.057833 
Std. 

Deviation 0.0784366 0.0018708 0.0037417 0.0663398 

Total 

Mean 0.067140 0.012833 0.003883 0.022883 
N 60 60 60 60 

Std. 
Deviation 0.0587281 0.0257736 0.0119718 0.0634676 

Table 2: Mean Concentration of Heavy Metals in Different types of canned foods.

Amongst all 60 samples, vegetables and canned food samples were found to be low in concentration of Pb, 
Cd, Cu, and Cr. Fruit samples had upper limits in Cd and Pb contents, but their Pb level were less than fish Pb 
levels.  Legumes and lentils were low in Pb, Cd, and Cu, but their Cr levels were in the upper normal limit, next 
to fish Cr levels. Upper normal limits of Pb and Cr concentrations were obtained in fish samples. Altogether, 
all tested heavy metals were within normal limits. As summarized in Table 2.    

Upper normal Pb levels were observed in sardine fish products. While Cr levels, within upper normal limits, 
were found in tuna fish canned products. One product, i.e. tuna chunks of CalG, had high lead levels but 
within recommended permissible levels. Two diamond sardine brands had very low lead levels, but their Cr 
levels were higher than other sardine fish cans, although within permissible set points.  

Estimation of Heavy Metals in Canned Foods Sold in the Markets of Peshawar, Khyber Pakhtunkhwa, Pakistan
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DISCUSSION
The study analyzed 51 pediatric APML patients 
treated over a ten‐year period, which revealed a 
significant age difference between risk groups, with 
older children tending to be classified in the 
low/standard risk category, while the high-risk group 
had a higher, though not statistically significant, 
mortality rate. The children with fatal bleeding had a 
median age of 7.00 years, whereas the median age 
was 6.00 years in patients who suffered a nonfatal 
bleeding incident. A Swedish study observed early 
death (ED) rates of 19.6% and 18.6% in children with 
a median age of 54 and 53 years, respectively.10. In 
a Turkish study, early death (ED) and 5-year survival 
rates of 12% and 54%,  respectively, were reported, 
with fatal bleeding being the most common 
complication.11. When comparing patients who 
experienced fatal bleeding with those who did not, 
no statistically significant differences were observed 
in laboratory parameters or demographic variables, 
aside from the fact that fatal bleeding was, as 
expected, associated with a significantly higher 
overall mortality rate. Similarly, in a multivariate 
analysis, it has been concluded risk factors and  
predictors of early death (ED) in APL patients 
including age >52 year (OR=5.170, p=0.002), WBC > 
10 x 109/L (OR=9.062, p<0.001), Platelets count ≤ 10 x 
109/L (OR=4.254, p<0.001) and LDH levels > 500U/L 
(OR=3.002, p=0.046)12.

The patients who had fatal bleeding had a median 
WBC of 17.20 as compared to 11.01 in patients who 
had non-fatal bleeding incidence. Another study, in 
a multivariate analysis, identified that an ECOG 
score of > 2 and raised WBC were found to be 
independent risk factors for fatal complications13. A 
Chinese study has reported similar findings that 
pre-treatment and daily mean WBC during 
hospitalization were higher in patients with fatal 

bleeding and early death as compared to the 
non-fatal bleeding group (p<0.001). On the other 
hand, mean platelet count was significantly lower in 
the fatal bleeding group (p<0.001), 14. Higher WBC 
count, raised D-dimers, decreased platelet count, 
and prolonged PT and APTT were independent risk 
factors and early predictors of hemorrhagic 
complications and fatal bleeding in another study 
as well15.

The derangements in coagulation factors were also 
associated with increased incidence of mortality in 
high-risk group patients. The PT, APTT, and fibrinogen 
levels were slightly higher in the fatal bleeding group 
as compared to patients with non-fatal bleeding 
(14.0 vs 12.0, 36.0 vs 34.0, and 234.35 vs 199.45), 
respectively. An Indian study concluded that 30-day 
mortality due to thrombo-hemorrhagic events was 
8.4%. Statistically significant association was noted 
between increased WBCs, PT, and APTT and early 
death secondary to thrombo-hemorrhagic (ED-TH) 
(p<0.001)16. Similar findings were reported in a New 
York-based study that bleeding pre-treatment as 
well as during treatment was the most commonly 
noted cause of mortality.17. Coagulation 
parameters, including PT, APTT, fibrinogen, and 
D-dimers, were found significantly higher in the 
high-risk group in a Chinese study; however, after 
combination drug induction therapy, no significant 
difference was noted in different risk groups of 
patients with APL.18.

The incidence of severe/fatal bleeding (WHO 
Grade 3 or 4) was observed, and noted that the 
high-risk group had more incidence of fatal 
bleeding, 28.57%, with a mortality rate of 39.28%, as 
compared to the low-risk group, in which 26.07% 
had fatal bleeding with 21.73% mortality. In this 
study, fatal hemorrhage (GI or Cerebral) in 6 (37.5%) 

was found to be the most common cause of 
mortality, followed by febrile neutropenic sepsis and 
ATRA syndrome.

As far as causes of death are concerned, it has 
been reported that fatal hemorrhages were the 
leading cause of death, contributing 52.94% of 
mortality in patients of APL pre-induction and during 
treatment, followed by sepsis in 44.44%19. A 
Japanese study on this topic has also reported the 
risk factors of bleeding in APL patients and showed 
that pre-induction high WBCs, lower Hb and platelet 
count, and leukocytosis, high BMI, and 
differentiation syndrome during induction were 
independent predictors of fatal complications, 
including bleeding and mortality20.

Patients in this study responded well to combination 
treatment with ATRA and idarubicin as well as ATRA 
and ATO. The response to different treatment groups 
in APL patients has been studied, and it has been 
reported that patients responded well to 
combination treatment with ATRA and ATO. 
Combination treatment as primary therapy 
markedly improved the survival rate in APL 
patients21. In our study, treatment-related 
complications also contributed towards mortality, 
with ATRA syndrome occurring in 14.28% in the fatal 
bleeding group and 10.42% in the non-fatal 
bleeding group (p=0.661). A review of literature on 
APL has documented that 20-25% of APL patients 
developed differentiation syndrome following 
induction of treatment22.

Despite these insights, the findings did not yield any 
robust predictors of fatal bleeding. The lack of 
significant associations in most comparisons 
suggests that the current sample size may be 
insufficient or that the data’s heterogeneity masks 
subtle effects. Single-center study design and 
limited sample size are major limitations of this study. 
We employed a census sampling technique, which 
risks a high chance of Type II error. Future studies 
should aim for larger, multi-center cohorts and 
consider using advanced statistical techniques such 
as multivariate logistic regression with larger and 
more standardized data sets to better account for 
the complex interplay of clinical, laboratory, and 
treatment-related factors. These improvements 
could help develop more accurate risk stratification 
models and inform timely interventions to reduce 
the incidence of fatal bleeding in pediatric APL 
patients.

CONCLUSION
Thrombo-hemorrhagic events and 
febrile-neutropenic sepsis were found to be 
common causes of death in APL patients. High-risk 
patients had a higher incidence of fatal bleeding 

pre-induction as well as during therapy. Higher 
WBCs, lower Hb and platelets, prolonged PT and 
aPTT were found to be risk factors of fatal bleeding 
leading to early death and mortality.
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Table 3: Independent Sample T-tests for Pakistani and International Branded Canned Food 

P Value of Pb, Cd and Cu was more than 0.05, its mean that there was no difference in mentioned 
concentration of theses metals between Pakistani and International branded canned food. As the P Value 
of Cr was less than 0.05. Which mean that there was significant difference in concentration of Chromium in 
Pakistani and International branded canned food as shown in Table 3. 

DISCUSSION
The present study was conducted to estimate the 
concentration of heavy metals in canned foods. The 
present study showed mean concentrations of lead, 
Cadmium, Copper and Chromium in international 
branded cans were 0.063mg\L, 0.014mg\L, 
0.005mg\L, and 0.034mg\L, respectively.  Moreover, 
in Pakistani brands, the levels of these heavy metals 
were 0.076mg\L, 0.008mg\L, 0.0012 mg\L, and 
-0.003056mg\L, respectively.
  
A study was done to estimate the concentration of 
lead, cadmium, and copper in 16 different types of 
canned food manufactured by four different 
companies13.  Their study showed the highest 
concentration of zinc in the canned food of 
different brands. Cadmium was one of the metals 
found in the lowest concentration. However, the 
highest concentration of Cadmium was found in 
canned beans, followed by canned chickpeas.  The 
reverse was found true for our study as high levels of 

Cd were found in bajela beans, followed by chick 
peas, respectively14. The limitations of their study 
were the small sample size and the testing of metal 
cans only.  Although in our study, all elements were 
found below permissible levels, high levels of lead, 
i.e., 0.17 mg\L, and Cr, i.e., 0.057 mg\L, were found 
in canned fish samples. However, the fruit had a 
high level of Cd, i.e., 0.018 mg\L. One of the 
International branded canned fruit samples, i.e., 
olives, was found with Cd limit exceeding the normal 
limits of 0.188mg\L. Lead levels were also found high 
in FIGARO olives, i.e., 0.188mg\L. This is of concern to 
public health and food safety. While a high level of 
copper, i.e., 0.006mg\L, was found in legumes and 
lentils.

Scientists conducted an interesting study in Irbid city, 
Jordan15. Their study sample included canned 
tomato sauce, canned green beans, canned whole 
carrots, and canned pineapple. Their findings 
showed significant variations in the metal 

concentrations between the same types of food 
cans of different brands. They attributed these 
variations to the type of can, the source of food 
itself, or the possibility of corrosion or leaching.  The 
highest concentration of lead and arsenic and the 
lowest concentration of cadmium were detected. 
Whereas, in our study, chick peas and beans were 
found with high levels of Cadmium, which is 
inconsistent of the abovementioned study findings.

A similar study was conducted in Irbid city, Jordan. 
The food types in the sample consisted of tuna, 
beef, sardines, and mushrooms, taking 44 samples of 
each type16.  These samples were evaluated for 
seven heavy metals: As, Cd, Ni, Cr, Cu, Zn, and Pb in 
imported canned food samples of different brands.  
Results revealed that As has had the highest 
concentration, preceded by Pb in all samples 
analyzed, whereas the lowest concentrations 
obtained were in Cd. These findings were similar to 
Fiamegkos Betal's finding. Similarly, high Pb levels 
were also obtained from canned fish products in our 
study, although our study levels were far below the 
permissible limits17.

A study done in the Lebanese market assessed the 
metal content (Fe, Al, As, Cr, Zc, Hg, Cu, Cd, Pb, and 
Sn) in different canned food brands and categories 
but also used the XRF technique to determine the 
impact of metal cans on food quality18. They took 45 
samples in three categories, including fish in 
category one; beef, chicken, and pork in category 
two; and legumes and vegetables in category 
three.  The Highest Lead levels were found in corn 
and fava beans, and mercury in fish, although these 
elements were below permissible levels. Thirty 
percent of vegetables and legumes and 45% of fish 
samples had Cd levels above permissible levels 
(0.1ug/g)19. Furthermore, the correlation of Sn and Al 
levels in cans and the acid-digested food indicated 
corrosion or leaching of Al and Sn from metal cans 
into food detected by XRF scanning.  In their study, 
31% of vegetable and legume cans and 45% of fish 
cans had Cd levels above permissible levels. In our 
study, legumes, lentils, and fruits had high Cd levels, 
and fish cans had high Pb levels20.  They 
recommended continuous Cd level monitoring for 
the provision of safe food, careful practices of 
handling and processing of raw material, an analysis 
for toxic elements before processing, and control on 
the phosphate fertilizers usage21.

Research has done a comparative study on metal 
concentration of fresh food and canned food. The 
result of the analysis showed a considerable 
difference in the metal content of selected cans 
and fresh food22.  The canned food products were 
recorded as low in heavy metal concentrations as 
compared to their fresh counterparts. Again, Pb and 
Cd were found high in some fresh fish and meat 

samples, and the canned food sample.  According 
to this study, canned foods were safer to consume. 
In our study, Pb and Cd were near their permissible 
limits and are of concern and is imperative to 
monitor their level in respective food categories.

Rahmani J etal Human conducted a meta-analysis 
in Iran regarding the concentration of metals in 
seafood, including copper (Cu), zinc (Zn), mercury 
(Hg), tin (Sn), lead (Pb), nickel (Ni), selenium 
(Se)chromium (Cr), arsenic (As), iron (Fe), and 
cadmium (Cd) in canned tuna fish23. The main aim 
was to evaluate their non-carcinogenic and 
carcinogenic risks in children and adult consumers.  
Data from 23 articles and 1295 samples were 
searched between 1983 and November 2017.  Data 
were assessed and extracted. Except for Cd and Se, 
concentrations of other metals in the canned tuna 
fish were lower than the recommended limits. From 
the review, it was obvious that children and adults of 
Iran who were consuming tuna fish were not at 
non-carcinogenic risk but were at carcinogenic risk.
An interesting relationship between the migration of 
metal content from metal cans and the corrosion or 
leaching of metal ions from metallic containers into 
food was assessed by literature24,25. In their study, 
they revealed that the corrosion rate of metal plate 
increases significantly with an increase in sodium 
chloride concentration.  The leaching of certain 
metals like Zn, Al, and Sn was observed with the rise 
in the pH of the solution.  However, the high 
concentrations of metals indicate that 
electro-activated brine solutions had a significant 
corrosive effect on certain types of tinplate, 
depending on the nature and efficacy of the inner 
coating used in the manufacturing process.  
Moreover, when neutral or acidic chlorine‐free 
electro-activated brine solution was used. No 
difference was observed in comparison with the 
corrosiveness of standard brine. In our study, high Cd 
and Cr levels were observed in canned food 
preserved with brine. Regarding sugar syrup, they 
were found to have high Pb levels26.

Like any other short sample study, the limitation of 
resources was the reason for picking food samples. 
Therefore, many other canned foods of the same 
type or other companies’ brands were not missed in 
the evaluation. Lack of funds and non-availability of 
sensors of spectrometers were factors for testing only 
4 heavy metals. Certain other dangerous chemicals, 
including hydrocarbons and poisonous heavy 
metals, could not be measured because of a lack of 
resources and time. It was noteworthy that none of 
the selected samples was expired, but they were 
near expiration in a range of two months. This study 
didn’t correlate or assess the environmental 
exposure of toxic heavy metals to the health of 
people and their related adverse effects. So, 
cautious conclusions must be drawn about the 

toxicity of these metals.

CONCLUSIONS
This study was fruitful as it provided optimal 
information in the form of baseline data about 
heavy metal levels in canned food. The conclusions 
drawn from this study were that heavy metals were 
present in both Pakistani and internationally 
branded canned food. Pb levels were high in 
Pakistani food cans, while Cd and Cr levels were 
high in internationally branded canned foods. Cd 
was detected in alarming concentration in all 
samples of fruit cock tail and pineapples cans. 
Upper normal limits of Cd and Pb were obtained in 
canned fruit, including Pakistani and International 
brands. Upper normal limits of Pb and Cr were found 
in tuna fish cans and sardine cans, respectively.
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DISCUSSION
The study analyzed 51 pediatric APML patients 
treated over a ten‐year period, which revealed a 
significant age difference between risk groups, with 
older children tending to be classified in the 
low/standard risk category, while the high-risk group 
had a higher, though not statistically significant, 
mortality rate. The children with fatal bleeding had a 
median age of 7.00 years, whereas the median age 
was 6.00 years in patients who suffered a nonfatal 
bleeding incident. A Swedish study observed early 
death (ED) rates of 19.6% and 18.6% in children with 
a median age of 54 and 53 years, respectively.10. In 
a Turkish study, early death (ED) and 5-year survival 
rates of 12% and 54%,  respectively, were reported, 
with fatal bleeding being the most common 
complication.11. When comparing patients who 
experienced fatal bleeding with those who did not, 
no statistically significant differences were observed 
in laboratory parameters or demographic variables, 
aside from the fact that fatal bleeding was, as 
expected, associated with a significantly higher 
overall mortality rate. Similarly, in a multivariate 
analysis, it has been concluded risk factors and  
predictors of early death (ED) in APL patients 
including age >52 year (OR=5.170, p=0.002), WBC > 
10 x 109/L (OR=9.062, p<0.001), Platelets count ≤ 10 x 
109/L (OR=4.254, p<0.001) and LDH levels > 500U/L 
(OR=3.002, p=0.046)12.

The patients who had fatal bleeding had a median 
WBC of 17.20 as compared to 11.01 in patients who 
had non-fatal bleeding incidence. Another study, in 
a multivariate analysis, identified that an ECOG 
score of > 2 and raised WBC were found to be 
independent risk factors for fatal complications13. A 
Chinese study has reported similar findings that 
pre-treatment and daily mean WBC during 
hospitalization were higher in patients with fatal 

bleeding and early death as compared to the 
non-fatal bleeding group (p<0.001). On the other 
hand, mean platelet count was significantly lower in 
the fatal bleeding group (p<0.001), 14. Higher WBC 
count, raised D-dimers, decreased platelet count, 
and prolonged PT and APTT were independent risk 
factors and early predictors of hemorrhagic 
complications and fatal bleeding in another study 
as well15.

The derangements in coagulation factors were also 
associated with increased incidence of mortality in 
high-risk group patients. The PT, APTT, and fibrinogen 
levels were slightly higher in the fatal bleeding group 
as compared to patients with non-fatal bleeding 
(14.0 vs 12.0, 36.0 vs 34.0, and 234.35 vs 199.45), 
respectively. An Indian study concluded that 30-day 
mortality due to thrombo-hemorrhagic events was 
8.4%. Statistically significant association was noted 
between increased WBCs, PT, and APTT and early 
death secondary to thrombo-hemorrhagic (ED-TH) 
(p<0.001)16. Similar findings were reported in a New 
York-based study that bleeding pre-treatment as 
well as during treatment was the most commonly 
noted cause of mortality.17. Coagulation 
parameters, including PT, APTT, fibrinogen, and 
D-dimers, were found significantly higher in the 
high-risk group in a Chinese study; however, after 
combination drug induction therapy, no significant 
difference was noted in different risk groups of 
patients with APL.18.

The incidence of severe/fatal bleeding (WHO 
Grade 3 or 4) was observed, and noted that the 
high-risk group had more incidence of fatal 
bleeding, 28.57%, with a mortality rate of 39.28%, as 
compared to the low-risk group, in which 26.07% 
had fatal bleeding with 21.73% mortality. In this 
study, fatal hemorrhage (GI or Cerebral) in 6 (37.5%) 

was found to be the most common cause of 
mortality, followed by febrile neutropenic sepsis and 
ATRA syndrome.

As far as causes of death are concerned, it has 
been reported that fatal hemorrhages were the 
leading cause of death, contributing 52.94% of 
mortality in patients of APL pre-induction and during 
treatment, followed by sepsis in 44.44%19. A 
Japanese study on this topic has also reported the 
risk factors of bleeding in APL patients and showed 
that pre-induction high WBCs, lower Hb and platelet 
count, and leukocytosis, high BMI, and 
differentiation syndrome during induction were 
independent predictors of fatal complications, 
including bleeding and mortality20.

Patients in this study responded well to combination 
treatment with ATRA and idarubicin as well as ATRA 
and ATO. The response to different treatment groups 
in APL patients has been studied, and it has been 
reported that patients responded well to 
combination treatment with ATRA and ATO. 
Combination treatment as primary therapy 
markedly improved the survival rate in APL 
patients21. In our study, treatment-related 
complications also contributed towards mortality, 
with ATRA syndrome occurring in 14.28% in the fatal 
bleeding group and 10.42% in the non-fatal 
bleeding group (p=0.661). A review of literature on 
APL has documented that 20-25% of APL patients 
developed differentiation syndrome following 
induction of treatment22.

Despite these insights, the findings did not yield any 
robust predictors of fatal bleeding. The lack of 
significant associations in most comparisons 
suggests that the current sample size may be 
insufficient or that the data’s heterogeneity masks 
subtle effects. Single-center study design and 
limited sample size are major limitations of this study. 
We employed a census sampling technique, which 
risks a high chance of Type II error. Future studies 
should aim for larger, multi-center cohorts and 
consider using advanced statistical techniques such 
as multivariate logistic regression with larger and 
more standardized data sets to better account for 
the complex interplay of clinical, laboratory, and 
treatment-related factors. These improvements 
could help develop more accurate risk stratification 
models and inform timely interventions to reduce 
the incidence of fatal bleeding in pediatric APL 
patients.

CONCLUSION
Thrombo-hemorrhagic events and 
febrile-neutropenic sepsis were found to be 
common causes of death in APL patients. High-risk 
patients had a higher incidence of fatal bleeding 

pre-induction as well as during therapy. Higher 
WBCs, lower Hb and platelets, prolonged PT and 
aPTT were found to be risk factors of fatal bleeding 
leading to early death and mortality.
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DISCUSSION
The present study was conducted to estimate the 
concentration of heavy metals in canned foods. The 
present study showed mean concentrations of lead, 
Cadmium, Copper and Chromium in international 
branded cans were 0.063mg\L, 0.014mg\L, 
0.005mg\L, and 0.034mg\L, respectively.  Moreover, 
in Pakistani brands, the levels of these heavy metals 
were 0.076mg\L, 0.008mg\L, 0.0012 mg\L, and 
-0.003056mg\L, respectively.
  
A study was done to estimate the concentration of 
lead, cadmium, and copper in 16 different types of 
canned food manufactured by four different 
companies13.  Their study showed the highest 
concentration of zinc in the canned food of 
different brands. Cadmium was one of the metals 
found in the lowest concentration. However, the 
highest concentration of Cadmium was found in 
canned beans, followed by canned chickpeas.  The 
reverse was found true for our study as high levels of 

Cd were found in bajela beans, followed by chick 
peas, respectively14. The limitations of their study 
were the small sample size and the testing of metal 
cans only.  Although in our study, all elements were 
found below permissible levels, high levels of lead, 
i.e., 0.17 mg\L, and Cr, i.e., 0.057 mg\L, were found 
in canned fish samples. However, the fruit had a 
high level of Cd, i.e., 0.018 mg\L. One of the 
International branded canned fruit samples, i.e., 
olives, was found with Cd limit exceeding the normal 
limits of 0.188mg\L. Lead levels were also found high 
in FIGARO olives, i.e., 0.188mg\L. This is of concern to 
public health and food safety. While a high level of 
copper, i.e., 0.006mg\L, was found in legumes and 
lentils.

Scientists conducted an interesting study in Irbid city, 
Jordan15. Their study sample included canned 
tomato sauce, canned green beans, canned whole 
carrots, and canned pineapple. Their findings 
showed significant variations in the metal 

concentrations between the same types of food 
cans of different brands. They attributed these 
variations to the type of can, the source of food 
itself, or the possibility of corrosion or leaching.  The 
highest concentration of lead and arsenic and the 
lowest concentration of cadmium were detected. 
Whereas, in our study, chick peas and beans were 
found with high levels of Cadmium, which is 
inconsistent of the abovementioned study findings.

A similar study was conducted in Irbid city, Jordan. 
The food types in the sample consisted of tuna, 
beef, sardines, and mushrooms, taking 44 samples of 
each type16.  These samples were evaluated for 
seven heavy metals: As, Cd, Ni, Cr, Cu, Zn, and Pb in 
imported canned food samples of different brands.  
Results revealed that As has had the highest 
concentration, preceded by Pb in all samples 
analyzed, whereas the lowest concentrations 
obtained were in Cd. These findings were similar to 
Fiamegkos Betal's finding. Similarly, high Pb levels 
were also obtained from canned fish products in our 
study, although our study levels were far below the 
permissible limits17.

A study done in the Lebanese market assessed the 
metal content (Fe, Al, As, Cr, Zc, Hg, Cu, Cd, Pb, and 
Sn) in different canned food brands and categories 
but also used the XRF technique to determine the 
impact of metal cans on food quality18. They took 45 
samples in three categories, including fish in 
category one; beef, chicken, and pork in category 
two; and legumes and vegetables in category 
three.  The Highest Lead levels were found in corn 
and fava beans, and mercury in fish, although these 
elements were below permissible levels. Thirty 
percent of vegetables and legumes and 45% of fish 
samples had Cd levels above permissible levels 
(0.1ug/g)19. Furthermore, the correlation of Sn and Al 
levels in cans and the acid-digested food indicated 
corrosion or leaching of Al and Sn from metal cans 
into food detected by XRF scanning.  In their study, 
31% of vegetable and legume cans and 45% of fish 
cans had Cd levels above permissible levels. In our 
study, legumes, lentils, and fruits had high Cd levels, 
and fish cans had high Pb levels20.  They 
recommended continuous Cd level monitoring for 
the provision of safe food, careful practices of 
handling and processing of raw material, an analysis 
for toxic elements before processing, and control on 
the phosphate fertilizers usage21.

Research has done a comparative study on metal 
concentration of fresh food and canned food. The 
result of the analysis showed a considerable 
difference in the metal content of selected cans 
and fresh food22.  The canned food products were 
recorded as low in heavy metal concentrations as 
compared to their fresh counterparts. Again, Pb and 
Cd were found high in some fresh fish and meat 

samples, and the canned food sample.  According 
to this study, canned foods were safer to consume. 
In our study, Pb and Cd were near their permissible 
limits and are of concern and is imperative to 
monitor their level in respective food categories.

Rahmani J etal Human conducted a meta-analysis 
in Iran regarding the concentration of metals in 
seafood, including copper (Cu), zinc (Zn), mercury 
(Hg), tin (Sn), lead (Pb), nickel (Ni), selenium 
(Se)chromium (Cr), arsenic (As), iron (Fe), and 
cadmium (Cd) in canned tuna fish23. The main aim 
was to evaluate their non-carcinogenic and 
carcinogenic risks in children and adult consumers.  
Data from 23 articles and 1295 samples were 
searched between 1983 and November 2017.  Data 
were assessed and extracted. Except for Cd and Se, 
concentrations of other metals in the canned tuna 
fish were lower than the recommended limits. From 
the review, it was obvious that children and adults of 
Iran who were consuming tuna fish were not at 
non-carcinogenic risk but were at carcinogenic risk.
An interesting relationship between the migration of 
metal content from metal cans and the corrosion or 
leaching of metal ions from metallic containers into 
food was assessed by literature24,25. In their study, 
they revealed that the corrosion rate of metal plate 
increases significantly with an increase in sodium 
chloride concentration.  The leaching of certain 
metals like Zn, Al, and Sn was observed with the rise 
in the pH of the solution.  However, the high 
concentrations of metals indicate that 
electro-activated brine solutions had a significant 
corrosive effect on certain types of tinplate, 
depending on the nature and efficacy of the inner 
coating used in the manufacturing process.  
Moreover, when neutral or acidic chlorine‐free 
electro-activated brine solution was used. No 
difference was observed in comparison with the 
corrosiveness of standard brine. In our study, high Cd 
and Cr levels were observed in canned food 
preserved with brine. Regarding sugar syrup, they 
were found to have high Pb levels26.

Like any other short sample study, the limitation of 
resources was the reason for picking food samples. 
Therefore, many other canned foods of the same 
type or other companies’ brands were not missed in 
the evaluation. Lack of funds and non-availability of 
sensors of spectrometers were factors for testing only 
4 heavy metals. Certain other dangerous chemicals, 
including hydrocarbons and poisonous heavy 
metals, could not be measured because of a lack of 
resources and time. It was noteworthy that none of 
the selected samples was expired, but they were 
near expiration in a range of two months. This study 
didn’t correlate or assess the environmental 
exposure of toxic heavy metals to the health of 
people and their related adverse effects. So, 
cautious conclusions must be drawn about the 

toxicity of these metals.

CONCLUSIONS
This study was fruitful as it provided optimal 
information in the form of baseline data about 
heavy metal levels in canned food. The conclusions 
drawn from this study were that heavy metals were 
present in both Pakistani and internationally 
branded canned food. Pb levels were high in 
Pakistani food cans, while Cd and Cr levels were 
high in internationally branded canned foods. Cd 
was detected in alarming concentration in all 
samples of fruit cock tail and pineapples cans. 
Upper normal limits of Cd and Pb were obtained in 
canned fruit, including Pakistani and International 
brands. Upper normal limits of Pb and Cr were found 
in tuna fish cans and sardine cans, respectively.
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DISCUSSION
The study analyzed 51 pediatric APML patients 
treated over a ten‐year period, which revealed a 
significant age difference between risk groups, with 
older children tending to be classified in the 
low/standard risk category, while the high-risk group 
had a higher, though not statistically significant, 
mortality rate. The children with fatal bleeding had a 
median age of 7.00 years, whereas the median age 
was 6.00 years in patients who suffered a nonfatal 
bleeding incident. A Swedish study observed early 
death (ED) rates of 19.6% and 18.6% in children with 
a median age of 54 and 53 years, respectively.10. In 
a Turkish study, early death (ED) and 5-year survival 
rates of 12% and 54%,  respectively, were reported, 
with fatal bleeding being the most common 
complication.11. When comparing patients who 
experienced fatal bleeding with those who did not, 
no statistically significant differences were observed 
in laboratory parameters or demographic variables, 
aside from the fact that fatal bleeding was, as 
expected, associated with a significantly higher 
overall mortality rate. Similarly, in a multivariate 
analysis, it has been concluded risk factors and  
predictors of early death (ED) in APL patients 
including age >52 year (OR=5.170, p=0.002), WBC > 
10 x 109/L (OR=9.062, p<0.001), Platelets count ≤ 10 x 
109/L (OR=4.254, p<0.001) and LDH levels > 500U/L 
(OR=3.002, p=0.046)12.

The patients who had fatal bleeding had a median 
WBC of 17.20 as compared to 11.01 in patients who 
had non-fatal bleeding incidence. Another study, in 
a multivariate analysis, identified that an ECOG 
score of > 2 and raised WBC were found to be 
independent risk factors for fatal complications13. A 
Chinese study has reported similar findings that 
pre-treatment and daily mean WBC during 
hospitalization were higher in patients with fatal 

bleeding and early death as compared to the 
non-fatal bleeding group (p<0.001). On the other 
hand, mean platelet count was significantly lower in 
the fatal bleeding group (p<0.001), 14. Higher WBC 
count, raised D-dimers, decreased platelet count, 
and prolonged PT and APTT were independent risk 
factors and early predictors of hemorrhagic 
complications and fatal bleeding in another study 
as well15.

The derangements in coagulation factors were also 
associated with increased incidence of mortality in 
high-risk group patients. The PT, APTT, and fibrinogen 
levels were slightly higher in the fatal bleeding group 
as compared to patients with non-fatal bleeding 
(14.0 vs 12.0, 36.0 vs 34.0, and 234.35 vs 199.45), 
respectively. An Indian study concluded that 30-day 
mortality due to thrombo-hemorrhagic events was 
8.4%. Statistically significant association was noted 
between increased WBCs, PT, and APTT and early 
death secondary to thrombo-hemorrhagic (ED-TH) 
(p<0.001)16. Similar findings were reported in a New 
York-based study that bleeding pre-treatment as 
well as during treatment was the most commonly 
noted cause of mortality.17. Coagulation 
parameters, including PT, APTT, fibrinogen, and 
D-dimers, were found significantly higher in the 
high-risk group in a Chinese study; however, after 
combination drug induction therapy, no significant 
difference was noted in different risk groups of 
patients with APL.18.

The incidence of severe/fatal bleeding (WHO 
Grade 3 or 4) was observed, and noted that the 
high-risk group had more incidence of fatal 
bleeding, 28.57%, with a mortality rate of 39.28%, as 
compared to the low-risk group, in which 26.07% 
had fatal bleeding with 21.73% mortality. In this 
study, fatal hemorrhage (GI or Cerebral) in 6 (37.5%) 

was found to be the most common cause of 
mortality, followed by febrile neutropenic sepsis and 
ATRA syndrome.

As far as causes of death are concerned, it has 
been reported that fatal hemorrhages were the 
leading cause of death, contributing 52.94% of 
mortality in patients of APL pre-induction and during 
treatment, followed by sepsis in 44.44%19. A 
Japanese study on this topic has also reported the 
risk factors of bleeding in APL patients and showed 
that pre-induction high WBCs, lower Hb and platelet 
count, and leukocytosis, high BMI, and 
differentiation syndrome during induction were 
independent predictors of fatal complications, 
including bleeding and mortality20.

Patients in this study responded well to combination 
treatment with ATRA and idarubicin as well as ATRA 
and ATO. The response to different treatment groups 
in APL patients has been studied, and it has been 
reported that patients responded well to 
combination treatment with ATRA and ATO. 
Combination treatment as primary therapy 
markedly improved the survival rate in APL 
patients21. In our study, treatment-related 
complications also contributed towards mortality, 
with ATRA syndrome occurring in 14.28% in the fatal 
bleeding group and 10.42% in the non-fatal 
bleeding group (p=0.661). A review of literature on 
APL has documented that 20-25% of APL patients 
developed differentiation syndrome following 
induction of treatment22.

Despite these insights, the findings did not yield any 
robust predictors of fatal bleeding. The lack of 
significant associations in most comparisons 
suggests that the current sample size may be 
insufficient or that the data’s heterogeneity masks 
subtle effects. Single-center study design and 
limited sample size are major limitations of this study. 
We employed a census sampling technique, which 
risks a high chance of Type II error. Future studies 
should aim for larger, multi-center cohorts and 
consider using advanced statistical techniques such 
as multivariate logistic regression with larger and 
more standardized data sets to better account for 
the complex interplay of clinical, laboratory, and 
treatment-related factors. These improvements 
could help develop more accurate risk stratification 
models and inform timely interventions to reduce 
the incidence of fatal bleeding in pediatric APL 
patients.

CONCLUSION
Thrombo-hemorrhagic events and 
febrile-neutropenic sepsis were found to be 
common causes of death in APL patients. High-risk 
patients had a higher incidence of fatal bleeding 

pre-induction as well as during therapy. Higher 
WBCs, lower Hb and platelets, prolonged PT and 
aPTT were found to be risk factors of fatal bleeding 
leading to early death and mortality.
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DISCUSSION
The present study was conducted to estimate the 
concentration of heavy metals in canned foods. The 
present study showed mean concentrations of lead, 
Cadmium, Copper and Chromium in international 
branded cans were 0.063mg\L, 0.014mg\L, 
0.005mg\L, and 0.034mg\L, respectively.  Moreover, 
in Pakistani brands, the levels of these heavy metals 
were 0.076mg\L, 0.008mg\L, 0.0012 mg\L, and 
-0.003056mg\L, respectively.
  
A study was done to estimate the concentration of 
lead, cadmium, and copper in 16 different types of 
canned food manufactured by four different 
companies13.  Their study showed the highest 
concentration of zinc in the canned food of 
different brands. Cadmium was one of the metals 
found in the lowest concentration. However, the 
highest concentration of Cadmium was found in 
canned beans, followed by canned chickpeas.  The 
reverse was found true for our study as high levels of 

Cd were found in bajela beans, followed by chick 
peas, respectively14. The limitations of their study 
were the small sample size and the testing of metal 
cans only.  Although in our study, all elements were 
found below permissible levels, high levels of lead, 
i.e., 0.17 mg\L, and Cr, i.e., 0.057 mg\L, were found 
in canned fish samples. However, the fruit had a 
high level of Cd, i.e., 0.018 mg\L. One of the 
International branded canned fruit samples, i.e., 
olives, was found with Cd limit exceeding the normal 
limits of 0.188mg\L. Lead levels were also found high 
in FIGARO olives, i.e., 0.188mg\L. This is of concern to 
public health and food safety. While a high level of 
copper, i.e., 0.006mg\L, was found in legumes and 
lentils.

Scientists conducted an interesting study in Irbid city, 
Jordan15. Their study sample included canned 
tomato sauce, canned green beans, canned whole 
carrots, and canned pineapple. Their findings 
showed significant variations in the metal 

concentrations between the same types of food 
cans of different brands. They attributed these 
variations to the type of can, the source of food 
itself, or the possibility of corrosion or leaching.  The 
highest concentration of lead and arsenic and the 
lowest concentration of cadmium were detected. 
Whereas, in our study, chick peas and beans were 
found with high levels of Cadmium, which is 
inconsistent of the abovementioned study findings.

A similar study was conducted in Irbid city, Jordan. 
The food types in the sample consisted of tuna, 
beef, sardines, and mushrooms, taking 44 samples of 
each type16.  These samples were evaluated for 
seven heavy metals: As, Cd, Ni, Cr, Cu, Zn, and Pb in 
imported canned food samples of different brands.  
Results revealed that As has had the highest 
concentration, preceded by Pb in all samples 
analyzed, whereas the lowest concentrations 
obtained were in Cd. These findings were similar to 
Fiamegkos Betal's finding. Similarly, high Pb levels 
were also obtained from canned fish products in our 
study, although our study levels were far below the 
permissible limits17.

A study done in the Lebanese market assessed the 
metal content (Fe, Al, As, Cr, Zc, Hg, Cu, Cd, Pb, and 
Sn) in different canned food brands and categories 
but also used the XRF technique to determine the 
impact of metal cans on food quality18. They took 45 
samples in three categories, including fish in 
category one; beef, chicken, and pork in category 
two; and legumes and vegetables in category 
three.  The Highest Lead levels were found in corn 
and fava beans, and mercury in fish, although these 
elements were below permissible levels. Thirty 
percent of vegetables and legumes and 45% of fish 
samples had Cd levels above permissible levels 
(0.1ug/g)19. Furthermore, the correlation of Sn and Al 
levels in cans and the acid-digested food indicated 
corrosion or leaching of Al and Sn from metal cans 
into food detected by XRF scanning.  In their study, 
31% of vegetable and legume cans and 45% of fish 
cans had Cd levels above permissible levels. In our 
study, legumes, lentils, and fruits had high Cd levels, 
and fish cans had high Pb levels20.  They 
recommended continuous Cd level monitoring for 
the provision of safe food, careful practices of 
handling and processing of raw material, an analysis 
for toxic elements before processing, and control on 
the phosphate fertilizers usage21.

Research has done a comparative study on metal 
concentration of fresh food and canned food. The 
result of the analysis showed a considerable 
difference in the metal content of selected cans 
and fresh food22.  The canned food products were 
recorded as low in heavy metal concentrations as 
compared to their fresh counterparts. Again, Pb and 
Cd were found high in some fresh fish and meat 

samples, and the canned food sample.  According 
to this study, canned foods were safer to consume. 
In our study, Pb and Cd were near their permissible 
limits and are of concern and is imperative to 
monitor their level in respective food categories.

Rahmani J etal Human conducted a meta-analysis 
in Iran regarding the concentration of metals in 
seafood, including copper (Cu), zinc (Zn), mercury 
(Hg), tin (Sn), lead (Pb), nickel (Ni), selenium 
(Se)chromium (Cr), arsenic (As), iron (Fe), and 
cadmium (Cd) in canned tuna fish23. The main aim 
was to evaluate their non-carcinogenic and 
carcinogenic risks in children and adult consumers.  
Data from 23 articles and 1295 samples were 
searched between 1983 and November 2017.  Data 
were assessed and extracted. Except for Cd and Se, 
concentrations of other metals in the canned tuna 
fish were lower than the recommended limits. From 
the review, it was obvious that children and adults of 
Iran who were consuming tuna fish were not at 
non-carcinogenic risk but were at carcinogenic risk.
An interesting relationship between the migration of 
metal content from metal cans and the corrosion or 
leaching of metal ions from metallic containers into 
food was assessed by literature24,25. In their study, 
they revealed that the corrosion rate of metal plate 
increases significantly with an increase in sodium 
chloride concentration.  The leaching of certain 
metals like Zn, Al, and Sn was observed with the rise 
in the pH of the solution.  However, the high 
concentrations of metals indicate that 
electro-activated brine solutions had a significant 
corrosive effect on certain types of tinplate, 
depending on the nature and efficacy of the inner 
coating used in the manufacturing process.  
Moreover, when neutral or acidic chlorine‐free 
electro-activated brine solution was used. No 
difference was observed in comparison with the 
corrosiveness of standard brine. In our study, high Cd 
and Cr levels were observed in canned food 
preserved with brine. Regarding sugar syrup, they 
were found to have high Pb levels26.

Like any other short sample study, the limitation of 
resources was the reason for picking food samples. 
Therefore, many other canned foods of the same 
type or other companies’ brands were not missed in 
the evaluation. Lack of funds and non-availability of 
sensors of spectrometers were factors for testing only 
4 heavy metals. Certain other dangerous chemicals, 
including hydrocarbons and poisonous heavy 
metals, could not be measured because of a lack of 
resources and time. It was noteworthy that none of 
the selected samples was expired, but they were 
near expiration in a range of two months. This study 
didn’t correlate or assess the environmental 
exposure of toxic heavy metals to the health of 
people and their related adverse effects. So, 
cautious conclusions must be drawn about the 

toxicity of these metals.

CONCLUSIONS
This study was fruitful as it provided optimal 
information in the form of baseline data about 
heavy metal levels in canned food. The conclusions 
drawn from this study were that heavy metals were 
present in both Pakistani and internationally 
branded canned food. Pb levels were high in 
Pakistani food cans, while Cd and Cr levels were 
high in internationally branded canned foods. Cd 
was detected in alarming concentration in all 
samples of fruit cock tail and pineapples cans. 
Upper normal limits of Cd and Pb were obtained in 
canned fruit, including Pakistani and International 
brands. Upper normal limits of Pb and Cr were found 
in tuna fish cans and sardine cans, respectively.
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DISCUSSION
The study analyzed 51 pediatric APML patients 
treated over a ten‐year period, which revealed a 
significant age difference between risk groups, with 
older children tending to be classified in the 
low/standard risk category, while the high-risk group 
had a higher, though not statistically significant, 
mortality rate. The children with fatal bleeding had a 
median age of 7.00 years, whereas the median age 
was 6.00 years in patients who suffered a nonfatal 
bleeding incident. A Swedish study observed early 
death (ED) rates of 19.6% and 18.6% in children with 
a median age of 54 and 53 years, respectively.10. In 
a Turkish study, early death (ED) and 5-year survival 
rates of 12% and 54%,  respectively, were reported, 
with fatal bleeding being the most common 
complication.11. When comparing patients who 
experienced fatal bleeding with those who did not, 
no statistically significant differences were observed 
in laboratory parameters or demographic variables, 
aside from the fact that fatal bleeding was, as 
expected, associated with a significantly higher 
overall mortality rate. Similarly, in a multivariate 
analysis, it has been concluded risk factors and  
predictors of early death (ED) in APL patients 
including age >52 year (OR=5.170, p=0.002), WBC > 
10 x 109/L (OR=9.062, p<0.001), Platelets count ≤ 10 x 
109/L (OR=4.254, p<0.001) and LDH levels > 500U/L 
(OR=3.002, p=0.046)12.

The patients who had fatal bleeding had a median 
WBC of 17.20 as compared to 11.01 in patients who 
had non-fatal bleeding incidence. Another study, in 
a multivariate analysis, identified that an ECOG 
score of > 2 and raised WBC were found to be 
independent risk factors for fatal complications13. A 
Chinese study has reported similar findings that 
pre-treatment and daily mean WBC during 
hospitalization were higher in patients with fatal 

bleeding and early death as compared to the 
non-fatal bleeding group (p<0.001). On the other 
hand, mean platelet count was significantly lower in 
the fatal bleeding group (p<0.001), 14. Higher WBC 
count, raised D-dimers, decreased platelet count, 
and prolonged PT and APTT were independent risk 
factors and early predictors of hemorrhagic 
complications and fatal bleeding in another study 
as well15.

The derangements in coagulation factors were also 
associated with increased incidence of mortality in 
high-risk group patients. The PT, APTT, and fibrinogen 
levels were slightly higher in the fatal bleeding group 
as compared to patients with non-fatal bleeding 
(14.0 vs 12.0, 36.0 vs 34.0, and 234.35 vs 199.45), 
respectively. An Indian study concluded that 30-day 
mortality due to thrombo-hemorrhagic events was 
8.4%. Statistically significant association was noted 
between increased WBCs, PT, and APTT and early 
death secondary to thrombo-hemorrhagic (ED-TH) 
(p<0.001)16. Similar findings were reported in a New 
York-based study that bleeding pre-treatment as 
well as during treatment was the most commonly 
noted cause of mortality.17. Coagulation 
parameters, including PT, APTT, fibrinogen, and 
D-dimers, were found significantly higher in the 
high-risk group in a Chinese study; however, after 
combination drug induction therapy, no significant 
difference was noted in different risk groups of 
patients with APL.18.

The incidence of severe/fatal bleeding (WHO 
Grade 3 or 4) was observed, and noted that the 
high-risk group had more incidence of fatal 
bleeding, 28.57%, with a mortality rate of 39.28%, as 
compared to the low-risk group, in which 26.07% 
had fatal bleeding with 21.73% mortality. In this 
study, fatal hemorrhage (GI or Cerebral) in 6 (37.5%) 

was found to be the most common cause of 
mortality, followed by febrile neutropenic sepsis and 
ATRA syndrome.

As far as causes of death are concerned, it has 
been reported that fatal hemorrhages were the 
leading cause of death, contributing 52.94% of 
mortality in patients of APL pre-induction and during 
treatment, followed by sepsis in 44.44%19. A 
Japanese study on this topic has also reported the 
risk factors of bleeding in APL patients and showed 
that pre-induction high WBCs, lower Hb and platelet 
count, and leukocytosis, high BMI, and 
differentiation syndrome during induction were 
independent predictors of fatal complications, 
including bleeding and mortality20.

Patients in this study responded well to combination 
treatment with ATRA and idarubicin as well as ATRA 
and ATO. The response to different treatment groups 
in APL patients has been studied, and it has been 
reported that patients responded well to 
combination treatment with ATRA and ATO. 
Combination treatment as primary therapy 
markedly improved the survival rate in APL 
patients21. In our study, treatment-related 
complications also contributed towards mortality, 
with ATRA syndrome occurring in 14.28% in the fatal 
bleeding group and 10.42% in the non-fatal 
bleeding group (p=0.661). A review of literature on 
APL has documented that 20-25% of APL patients 
developed differentiation syndrome following 
induction of treatment22.

Despite these insights, the findings did not yield any 
robust predictors of fatal bleeding. The lack of 
significant associations in most comparisons 
suggests that the current sample size may be 
insufficient or that the data’s heterogeneity masks 
subtle effects. Single-center study design and 
limited sample size are major limitations of this study. 
We employed a census sampling technique, which 
risks a high chance of Type II error. Future studies 
should aim for larger, multi-center cohorts and 
consider using advanced statistical techniques such 
as multivariate logistic regression with larger and 
more standardized data sets to better account for 
the complex interplay of clinical, laboratory, and 
treatment-related factors. These improvements 
could help develop more accurate risk stratification 
models and inform timely interventions to reduce 
the incidence of fatal bleeding in pediatric APL 
patients.

CONCLUSION
Thrombo-hemorrhagic events and 
febrile-neutropenic sepsis were found to be 
common causes of death in APL patients. High-risk 
patients had a higher incidence of fatal bleeding 

pre-induction as well as during therapy. Higher 
WBCs, lower Hb and platelets, prolonged PT and 
aPTT were found to be risk factors of fatal bleeding 
leading to early death and mortality.
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DISCUSSION
The present study was conducted to estimate the 
concentration of heavy metals in canned foods. The 
present study showed mean concentrations of lead, 
Cadmium, Copper and Chromium in international 
branded cans were 0.063mg\L, 0.014mg\L, 
0.005mg\L, and 0.034mg\L, respectively.  Moreover, 
in Pakistani brands, the levels of these heavy metals 
were 0.076mg\L, 0.008mg\L, 0.0012 mg\L, and 
-0.003056mg\L, respectively.
  
A study was done to estimate the concentration of 
lead, cadmium, and copper in 16 different types of 
canned food manufactured by four different 
companies13.  Their study showed the highest 
concentration of zinc in the canned food of 
different brands. Cadmium was one of the metals 
found in the lowest concentration. However, the 
highest concentration of Cadmium was found in 
canned beans, followed by canned chickpeas.  The 
reverse was found true for our study as high levels of 

Cd were found in bajela beans, followed by chick 
peas, respectively14. The limitations of their study 
were the small sample size and the testing of metal 
cans only.  Although in our study, all elements were 
found below permissible levels, high levels of lead, 
i.e., 0.17 mg\L, and Cr, i.e., 0.057 mg\L, were found 
in canned fish samples. However, the fruit had a 
high level of Cd, i.e., 0.018 mg\L. One of the 
International branded canned fruit samples, i.e., 
olives, was found with Cd limit exceeding the normal 
limits of 0.188mg\L. Lead levels were also found high 
in FIGARO olives, i.e., 0.188mg\L. This is of concern to 
public health and food safety. While a high level of 
copper, i.e., 0.006mg\L, was found in legumes and 
lentils.

Scientists conducted an interesting study in Irbid city, 
Jordan15. Their study sample included canned 
tomato sauce, canned green beans, canned whole 
carrots, and canned pineapple. Their findings 
showed significant variations in the metal 

concentrations between the same types of food 
cans of different brands. They attributed these 
variations to the type of can, the source of food 
itself, or the possibility of corrosion or leaching.  The 
highest concentration of lead and arsenic and the 
lowest concentration of cadmium were detected. 
Whereas, in our study, chick peas and beans were 
found with high levels of Cadmium, which is 
inconsistent of the abovementioned study findings.

A similar study was conducted in Irbid city, Jordan. 
The food types in the sample consisted of tuna, 
beef, sardines, and mushrooms, taking 44 samples of 
each type16.  These samples were evaluated for 
seven heavy metals: As, Cd, Ni, Cr, Cu, Zn, and Pb in 
imported canned food samples of different brands.  
Results revealed that As has had the highest 
concentration, preceded by Pb in all samples 
analyzed, whereas the lowest concentrations 
obtained were in Cd. These findings were similar to 
Fiamegkos Betal's finding. Similarly, high Pb levels 
were also obtained from canned fish products in our 
study, although our study levels were far below the 
permissible limits17.

A study done in the Lebanese market assessed the 
metal content (Fe, Al, As, Cr, Zc, Hg, Cu, Cd, Pb, and 
Sn) in different canned food brands and categories 
but also used the XRF technique to determine the 
impact of metal cans on food quality18. They took 45 
samples in three categories, including fish in 
category one; beef, chicken, and pork in category 
two; and legumes and vegetables in category 
three.  The Highest Lead levels were found in corn 
and fava beans, and mercury in fish, although these 
elements were below permissible levels. Thirty 
percent of vegetables and legumes and 45% of fish 
samples had Cd levels above permissible levels 
(0.1ug/g)19. Furthermore, the correlation of Sn and Al 
levels in cans and the acid-digested food indicated 
corrosion or leaching of Al and Sn from metal cans 
into food detected by XRF scanning.  In their study, 
31% of vegetable and legume cans and 45% of fish 
cans had Cd levels above permissible levels. In our 
study, legumes, lentils, and fruits had high Cd levels, 
and fish cans had high Pb levels20.  They 
recommended continuous Cd level monitoring for 
the provision of safe food, careful practices of 
handling and processing of raw material, an analysis 
for toxic elements before processing, and control on 
the phosphate fertilizers usage21.

Research has done a comparative study on metal 
concentration of fresh food and canned food. The 
result of the analysis showed a considerable 
difference in the metal content of selected cans 
and fresh food22.  The canned food products were 
recorded as low in heavy metal concentrations as 
compared to their fresh counterparts. Again, Pb and 
Cd were found high in some fresh fish and meat 

samples, and the canned food sample.  According 
to this study, canned foods were safer to consume. 
In our study, Pb and Cd were near their permissible 
limits and are of concern and is imperative to 
monitor their level in respective food categories.

Rahmani J etal Human conducted a meta-analysis 
in Iran regarding the concentration of metals in 
seafood, including copper (Cu), zinc (Zn), mercury 
(Hg), tin (Sn), lead (Pb), nickel (Ni), selenium 
(Se)chromium (Cr), arsenic (As), iron (Fe), and 
cadmium (Cd) in canned tuna fish23. The main aim 
was to evaluate their non-carcinogenic and 
carcinogenic risks in children and adult consumers.  
Data from 23 articles and 1295 samples were 
searched between 1983 and November 2017.  Data 
were assessed and extracted. Except for Cd and Se, 
concentrations of other metals in the canned tuna 
fish were lower than the recommended limits. From 
the review, it was obvious that children and adults of 
Iran who were consuming tuna fish were not at 
non-carcinogenic risk but were at carcinogenic risk.
An interesting relationship between the migration of 
metal content from metal cans and the corrosion or 
leaching of metal ions from metallic containers into 
food was assessed by literature24,25. In their study, 
they revealed that the corrosion rate of metal plate 
increases significantly with an increase in sodium 
chloride concentration.  The leaching of certain 
metals like Zn, Al, and Sn was observed with the rise 
in the pH of the solution.  However, the high 
concentrations of metals indicate that 
electro-activated brine solutions had a significant 
corrosive effect on certain types of tinplate, 
depending on the nature and efficacy of the inner 
coating used in the manufacturing process.  
Moreover, when neutral or acidic chlorine‐free 
electro-activated brine solution was used. No 
difference was observed in comparison with the 
corrosiveness of standard brine. In our study, high Cd 
and Cr levels were observed in canned food 
preserved with brine. Regarding sugar syrup, they 
were found to have high Pb levels26.

Like any other short sample study, the limitation of 
resources was the reason for picking food samples. 
Therefore, many other canned foods of the same 
type or other companies’ brands were not missed in 
the evaluation. Lack of funds and non-availability of 
sensors of spectrometers were factors for testing only 
4 heavy metals. Certain other dangerous chemicals, 
including hydrocarbons and poisonous heavy 
metals, could not be measured because of a lack of 
resources and time. It was noteworthy that none of 
the selected samples was expired, but they were 
near expiration in a range of two months. This study 
didn’t correlate or assess the environmental 
exposure of toxic heavy metals to the health of 
people and their related adverse effects. So, 
cautious conclusions must be drawn about the 

toxicity of these metals.

CONCLUSIONS
This study was fruitful as it provided optimal 
information in the form of baseline data about 
heavy metal levels in canned food. The conclusions 
drawn from this study were that heavy metals were 
present in both Pakistani and internationally 
branded canned food. Pb levels were high in 
Pakistani food cans, while Cd and Cr levels were 
high in internationally branded canned foods. Cd 
was detected in alarming concentration in all 
samples of fruit cock tail and pineapples cans. 
Upper normal limits of Cd and Pb were obtained in 
canned fruit, including Pakistani and International 
brands. Upper normal limits of Pb and Cr were found 
in tuna fish cans and sardine cans, respectively.
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DISCUSSION
The study analyzed 51 pediatric APML patients 
treated over a ten‐year period, which revealed a 
significant age difference between risk groups, with 
older children tending to be classified in the 
low/standard risk category, while the high-risk group 
had a higher, though not statistically significant, 
mortality rate. The children with fatal bleeding had a 
median age of 7.00 years, whereas the median age 
was 6.00 years in patients who suffered a nonfatal 
bleeding incident. A Swedish study observed early 
death (ED) rates of 19.6% and 18.6% in children with 
a median age of 54 and 53 years, respectively.10. In 
a Turkish study, early death (ED) and 5-year survival 
rates of 12% and 54%,  respectively, were reported, 
with fatal bleeding being the most common 
complication.11. When comparing patients who 
experienced fatal bleeding with those who did not, 
no statistically significant differences were observed 
in laboratory parameters or demographic variables, 
aside from the fact that fatal bleeding was, as 
expected, associated with a significantly higher 
overall mortality rate. Similarly, in a multivariate 
analysis, it has been concluded risk factors and  
predictors of early death (ED) in APL patients 
including age >52 year (OR=5.170, p=0.002), WBC > 
10 x 109/L (OR=9.062, p<0.001), Platelets count ≤ 10 x 
109/L (OR=4.254, p<0.001) and LDH levels > 500U/L 
(OR=3.002, p=0.046)12.

The patients who had fatal bleeding had a median 
WBC of 17.20 as compared to 11.01 in patients who 
had non-fatal bleeding incidence. Another study, in 
a multivariate analysis, identified that an ECOG 
score of > 2 and raised WBC were found to be 
independent risk factors for fatal complications13. A 
Chinese study has reported similar findings that 
pre-treatment and daily mean WBC during 
hospitalization were higher in patients with fatal 

bleeding and early death as compared to the 
non-fatal bleeding group (p<0.001). On the other 
hand, mean platelet count was significantly lower in 
the fatal bleeding group (p<0.001), 14. Higher WBC 
count, raised D-dimers, decreased platelet count, 
and prolonged PT and APTT were independent risk 
factors and early predictors of hemorrhagic 
complications and fatal bleeding in another study 
as well15.

The derangements in coagulation factors were also 
associated with increased incidence of mortality in 
high-risk group patients. The PT, APTT, and fibrinogen 
levels were slightly higher in the fatal bleeding group 
as compared to patients with non-fatal bleeding 
(14.0 vs 12.0, 36.0 vs 34.0, and 234.35 vs 199.45), 
respectively. An Indian study concluded that 30-day 
mortality due to thrombo-hemorrhagic events was 
8.4%. Statistically significant association was noted 
between increased WBCs, PT, and APTT and early 
death secondary to thrombo-hemorrhagic (ED-TH) 
(p<0.001)16. Similar findings were reported in a New 
York-based study that bleeding pre-treatment as 
well as during treatment was the most commonly 
noted cause of mortality.17. Coagulation 
parameters, including PT, APTT, fibrinogen, and 
D-dimers, were found significantly higher in the 
high-risk group in a Chinese study; however, after 
combination drug induction therapy, no significant 
difference was noted in different risk groups of 
patients with APL.18.

The incidence of severe/fatal bleeding (WHO 
Grade 3 or 4) was observed, and noted that the 
high-risk group had more incidence of fatal 
bleeding, 28.57%, with a mortality rate of 39.28%, as 
compared to the low-risk group, in which 26.07% 
had fatal bleeding with 21.73% mortality. In this 
study, fatal hemorrhage (GI or Cerebral) in 6 (37.5%) 

was found to be the most common cause of 
mortality, followed by febrile neutropenic sepsis and 
ATRA syndrome.

As far as causes of death are concerned, it has 
been reported that fatal hemorrhages were the 
leading cause of death, contributing 52.94% of 
mortality in patients of APL pre-induction and during 
treatment, followed by sepsis in 44.44%19. A 
Japanese study on this topic has also reported the 
risk factors of bleeding in APL patients and showed 
that pre-induction high WBCs, lower Hb and platelet 
count, and leukocytosis, high BMI, and 
differentiation syndrome during induction were 
independent predictors of fatal complications, 
including bleeding and mortality20.

Patients in this study responded well to combination 
treatment with ATRA and idarubicin as well as ATRA 
and ATO. The response to different treatment groups 
in APL patients has been studied, and it has been 
reported that patients responded well to 
combination treatment with ATRA and ATO. 
Combination treatment as primary therapy 
markedly improved the survival rate in APL 
patients21. In our study, treatment-related 
complications also contributed towards mortality, 
with ATRA syndrome occurring in 14.28% in the fatal 
bleeding group and 10.42% in the non-fatal 
bleeding group (p=0.661). A review of literature on 
APL has documented that 20-25% of APL patients 
developed differentiation syndrome following 
induction of treatment22.

Despite these insights, the findings did not yield any 
robust predictors of fatal bleeding. The lack of 
significant associations in most comparisons 
suggests that the current sample size may be 
insufficient or that the data’s heterogeneity masks 
subtle effects. Single-center study design and 
limited sample size are major limitations of this study. 
We employed a census sampling technique, which 
risks a high chance of Type II error. Future studies 
should aim for larger, multi-center cohorts and 
consider using advanced statistical techniques such 
as multivariate logistic regression with larger and 
more standardized data sets to better account for 
the complex interplay of clinical, laboratory, and 
treatment-related factors. These improvements 
could help develop more accurate risk stratification 
models and inform timely interventions to reduce 
the incidence of fatal bleeding in pediatric APL 
patients.

CONCLUSION
Thrombo-hemorrhagic events and 
febrile-neutropenic sepsis were found to be 
common causes of death in APL patients. High-risk 
patients had a higher incidence of fatal bleeding 

pre-induction as well as during therapy. Higher 
WBCs, lower Hb and platelets, prolonged PT and 
aPTT were found to be risk factors of fatal bleeding 
leading to early death and mortality.
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